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CHAPTER 5.--COMMUNICATION SYSTEM DESIGN AND IMPROVEMENT

5.1 Introduction

This chapter analyses the parameters
influencing initial design of communica-
tion systems for new mines and upgrading
existing systems.

Paragraph 5.2 outlines those varia-
bles that must be taken into account dur-
ing the design stages of a new wired
phone system. Recommended features, gen-
eral requirements, and how they can be
implemented are treated in this section,

Paragraph 5.3 describes ways of
improving or extending the range of trol-
ley carrier phone systems and pager phone
systems already installed in the mine.

5.2 New Phone System Design

The task of designing an adequate
communication, control, and monitoring
system for an underground mine must be
addressed on a system basis. In addition
to insuring that effective voice communi-
cation 1is established, any new system
should take 1into account present and
future requirements of remote control and
monitoring functions. Chapter 4 illus-
trated the drastic savings in response
time that can be realized when remote
control and monitoring are integrated
into the overall communication system.
The importance of including control and
monitoring in the overall design plan for
any system cannot be overemphasized.

Because each mine is
thus usually has its own special operat-
ing characteristics and communication
requirements, there 1is no such thing as
“the one best system” to meet the
requirements of all mines. The optimum
comminication, control, and monitoring
system for a mine must be one that has
been tailored to meet the special
requirements of that particular mine,
Factors that must be considered during
system design include-—-

unique, and

a. Type of mine and mining methods
(low- or high-seam coal, deep hardrock

mine, stope caving, longwall, room and
pillar, etc.).

b. Maximum number of working
sections.

c. Expected mine growth rate and

eventual maximum size.
d. Haulage methods (tracked trol-
ley, diesel, belt, etc.).
e. Underground power distribution
system (dc, ac, or both).

f. Features desired (two-way radio
paging, private line capability for emer-
gency use, etc.).

g. Redundant or backup systems
for use during outages of the normal
system.

Although no two mines are alike, the
following items have been established as
the main characteristics desired for any
underground communication system:

1., Multiple Communication Paths to
Outside--the objective here 1is to give
all telephones a second method of commu-
nicating with the surface.

2, Audible Emergency Signaling--the
communication system provides the main
means of alerting miners during emergen-
cies. The system should include means to
broadcast distinct audible signals for
emergency signaling. Initiation of these
signals should probably be controlled
from a central outside point, such as a
surface control room.

3. Emergency Override—-provisions
should be included to permit any con-
versation to be overridden with emergency
communication.

4. Selective Area Page-—as mines
grow larger it 1is apparent that the
entire telephone system paging mode need
not be activated each time a call is
initiated. When the general area of a
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person to be paged is known, only the
pagers in that area would be activated.

5. Simultaneous Conversation Capa-
bility--although the wultimate for this
characteristic would be a private line
for each telephone, this channel capacity

may not be necessary in some mines, In
general, each working section does not
produce much communication activity.

activities domi-
Since these activi-
ties tend to originate on the basis of
mine "areas,"” it appears that providing
different areas of the mine with a sepa-
rate communication circuit could meet the
simultaneous conversation need and main-
tain circuit simplicity.

Haulage and maintenance
nate telephone use.

6. Manual or Automatic Connection
Between Subsystems--provisions must be
made for connecting telephones within the
telephone system, and provisions should
be made for connecting the telephone sys-
tem into the other communication systems
used at the mine.

7. Remote Signaling--the design of

the telephone equipment and circuits
should be compatible with frequency divi-
sion multiplexed equipment so frequencies
above 3,000 Hz can be wused for control
and monitoring applications.
5.2.1 Wired Phone Systems
The options open to a
ing planning stages for
phone system include

designer dur-
a hard-wired

Single-pair phone system
Multipair phone system
Multiplexed phone system

5.2.1a Single-Pair Systems

Many different types of wire can be
used for single-pair (party-line) commun-
ication systems (table 5-1). Smaller
gage wire may be satisfactory if the num-
ber of telephones in the system 1is small
and the distance between them 1is short.
However, for most applications, a larger

gage wire is chosen to improve the ten-
sile strength of the wire, as well as to
reduce the overall resistance of the run.

TABLE 5-1. - Single-pair cable

Wire Loop resist-
Description gage, ance, ohms
AWG per mile
Plastic-insulated
nonjacketed build-
ing wir€eeeseeooees 18 67
Type SO, neoprene- 18 67
jacketed portable 16 42
cable€ceectescsnceasnns 14 27
Buried distribution
wire...'..l..‘..l.. 19 83
Plastic drop wire
(copper-clad steel) 18 223

An inexpensive wire used for inter-
connecting mine phones is vinyl-plastic-
coated, 18-gage, two-wire, twisted-pair
building wire. Unjacketed wire of this
type provides 1little environmental pro-
tection for the copper conductors; there-
fore it must be located out of the way of
the mining equipment and carefully sus-
pended to avoid moisture penetration,

The l4-gage neoprene-jacketed type
(see fig. 5-1) is recommended for most
underground applications. The greater

mechanical strength, reduced loop resist-
ance, and superior moisture resistance of
this cable makes it ideal for communica-
tion applications.

The best method of getting a feel
for the design considerations of a
single-pair system is to design a system
for a representative moderate—sized mine.
An example of such a mine 1s shown in
figure 5-2. This mine has the following
characteristics:

FIGURE 5.1, « Single-pair type SO neoprene cable,
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FIGURE 5-2, - Single-pairinstallation intypical mines

Less than 2 years old
6 square miles in total area
3.5 miles of main haulageway

0.8-mile-long average submain

Average panel size of 800 feet by
2,100 feet
Average working section size of

300 feet by 400 feet
5 working sections per shift

A maximum of 6 active

sections

working

17 fixed mine pager phones presently
installed

The fixed-telephone, single-pair
communication system shown in figure 5-2
complies with the Federal Coal Mine
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Health and Safety Act of 1969, in that it
provides two-way communication between
the surface and each working section.
Additional phones were installed at the
intersections of the main haulageway and
the submains, and at the intersections of
the submains and the butt entries to all
active sections.

Based on the physical characteris-
tics of the mine, the total length of
single-pair cable required can be calcu-
lated for this stage of development as
follows:

Miles

1 main haulagewaye.eeosooes 3.5
3 submains (0.8 mile
€aCh)eeeeccesccecsnccccns 2.4
6 active sections
(3,000 feet per section). 3.4
Totaleeeoosooocscnces 9.3

The 3.4 miles of section cable as-
sumes the reuse of the cable as the work-
ing sections move from one panel to
another. At this stage in the mine's
development, 15 panels have been driven
or are being driven which would have
required 8.5 miles of section cable if
reusing it had not been assumed. There~
fore, the total cable miles needed are

9.3 if section cable reused
14.4 1f section cable nct reused

The 1least expensive wire for the
above application 1is plastic-insulated,
nonjacketed 18 AWG building wire. How-
ever, the high loop resistance (67 ohms
per mile) of the 18-gage wire will make
future expansion impractical; therefore
we should consider a larger gage wire.

A more suitable cable due to its low
loop resistance is 14 AWG, type SO, neo-
prene wire. The 14 AWG neoprene cable
uses annealed copper conductors so that
it can withstand severe mechanical abuse.
(The cable is designed for use as power
supply cable on portable equipment.) If
the 3,000 feet of 14 AWG neoprene wire
used for each active section is mounted
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on a reel and travels with the working
section phone into the panel, then we can
plan on reusing this wire when developing
future panels. The cost of expanding to
6 submains and 60 panels would involve
only the additional wire for 3 submains,
assuming we can reuse the section wire.

The economic importance of reusing
section wire can be elaborated on by the
following calculations for 54 lengths of
additional section wire needed to reach
the 6-submain development stage 1if the
section wire is not reused. Each length
is 3,000 feet, or 0.57 mile.

54 lengths x 0,57 mile per length
= 30 miles of additional cable

The cost of this additional cable
can be a significant part of the total
cost of the entire single-pair system.

Although material costs are
reduced if section wire is

additional 1labor costs are
the removal of cable once

been completed.

greatly
reused, some
involved in
a panel has

Another alternative that can be
employed 1is to use high-quality 14 AWG
wire for the main and submains, and then
use a less expensive lighter gage wire
for the panels and not reuse this wire.
A low-cost 18-gage building wire may be
acceptable as section wire, because its
high resistance is not a problem for the
short length involved.

5.2.1b Multipair Systems

A single-pair cable system restricts
the mine communication system to a
single-channel multiparty configuration.
Introducing multipair cable into the mine
communication system allows one to expand
the number of channels to whatever is
necessary for efficient voice traffic.
In an existing mine, this would mean

replacing the single-pair cable in the
main haulageway and the submains with
multipair cable. In a new mine, it would
mean calculating the maximum channel
requirements expected during the 1life of
the mine and specifying the proper multi-

pair distribution system.

The hardware for a multipair system
is of proven reliability and has stood
the test of time. All of these materials
have been used for aerial distribution
systems in the telephone industry and
were refined over the years to survive in
any part of the world with a minimum of
preventive maintenance. Because it was
designed to be installed and maintained
by linemen working in all kinds of
weather while standing on ladders, on
aerial platforms, or in manholes, multi-
pair equipment can be handled by elec-
tricians in the wunderground environment.
The only new skill that mine personnel
may have to 1learn is the splicing of

small-diameter wires. However, crimp-
type splice connectors are available to
simplify the splicing of multipair
cables.

Table 5-2 shows the major character-
istics of multipair cable available from
telecommunication cable manufacturers.
Figure-8 cable is recommended for the
mine application because the messenger
wire adds considerable tensile strength
to the cable, and the installation is
similar to that of trolley wire.

The previous section described a
single-pair cable system using a repre-
sentative moderate-size fictitious mine.
The same mine will be used to analyze a
multipair cable system (fig. 5-3).

Using a cable distribution and load-
ing plan that will allow the servicing of
no more than two sections per twisted
pair, a minimum of three pairs 1is

TABLE 5~2. - Range of multipair cables commercially available

Number of pairS.iccessccsccccscecscsscscscscssssnsnnss
Messenger size (diameter).sececessecessccecssosinches,
Conductor SizZesseeecescscsssscccsssscsscsnsess AWG. .
Conductor dc resistance at 68° F...ohms per mile..

3-400
0.134-0.250
26-19
43-220
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FIGURE 5-3, - Multipair installation in typical mine,
required to handle the six working sec-

tions. The main haulageway phones con-
nected across a single party line require

an additional pair for a total of four
pairs, each of which extends back to a
centralized location such as the dis-
patcher's office. A  six-pair cable

placed in the main haulageway will accom-
modate the above required pairs while
leaving an extra two pairs for future
expansion. Three-pair cable may be ap-
propriate for the submains because no
more than four sections will be active
per submain at any one time. A single-
pair cable can be used between the panel
entry phone, located in the submain, and
the section phone, which must move with
the section crew,

Due to the 3.5-mile 1length of the
main haulageway and assuming that a maxi-
mum of seven phones will be connected
in parallel across one pair, a 19-gage
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six-pair cable has been selected for the

haulageway. The submains with only two
phones per pair and run lengths of less
than ] mile can use 22-gage wire. A

splice case at every third section entry
should be sufficient in this application
and will reduce labor costs.

The section cable can be a single
pair but must be strong enough to with-
stand the wear caused by the almost con-
stant phone relocating required in the
working section. A 3,000-foot reel of
wire that travels with the section phone
would reach any location in an 800- by
2,100-foot panel. Plastic drop wire has
been chosen for the section cable. This
wire 1s made wup of two 18 AWG copper-
covered steel wires laid in parallel and
coated with a black flame-resistant poly-
vinyl chloride insulation. The high
strength of this cable allows for long
spans which make for quick temporary in-
stallations and also reuse of the cable.
A stainless steel drop wire clamp can be
hooked to roof bolts or nailed to timbers
for support.

In cost comparisons between single-
pair and multipair systems (2),! the wir-
ing costs for multipair installations
were less expensive because the smaller
gage wire allowed in the multipair cable,
due to fewer phones placed in parallel
per pairs, kept the per-mile cost of
multipair cable competitive with that of
the larger gage single—pair cable.

Two questions worthy of considera-
tion at this point are, How well does a
multipair communication system meet the
needs of the mine wuser? and What
improvements can be incorporated into a
multipair system that are not possible
with the present day single-pair mine
telephone system?

Advantages

More Channels.--Using multipair ca-
a system can be designed with as

ble,

TUnderlined numbers in parentheses re-
fer to items in the bibliography at the
end of this chapter,
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many channels as are deemed necessary
for the particular application, the only
limits being cost and complexity.

Private Channels.—--Individual pairs
can be assigned to each working section,
thereby producing a private channel
between the section and the mine commu-
nications center,

Zone Paging.—--The communication cen-

ter can page over an individual pair
so that only the section of the mine
concerned with the transmission need be

disturbed. This would eliminate the
present situation of requiring miners in
all sections to listen to all pages.

Direct Dialing.—-—Pairs can be dedi-
cated to connect underground dial phones
directly to the company's private auto-
matic branch exchange (PABX) or directly

to a central office through an approved
interface. This would allow key loca-
tions in the mine to dial each other,

place outgoing calls, or receive incoming
calls via the 1local exchange without
relaying messages through the communica-
tion center. Provisions for preventing
abuse of the latter two features could
also be included.

Remote Monitoring.-—-Extra pairs in
the cable may be used for monitoring the
mine environment and/or equipment.

Disadvantages

Increased Operating Costs.—-—A multi-
pair system 1incorporating all of the
above advantages will cost more than a
single-pair systemn, even though the
multipair cable may cost 1less than the
single-pair cable. This is due to the
additional cost of a central switching
equipment required for multipair systems.
For a particular application, the
increased efficiency and other benefits
must be weighed against the added in-
stallation and maintenance costs in order
to establish its true worth.

Training Costs.-—-The maintenance per-
sonnel assigned to install and main-
tain this equipment will have to be

trained to use the different splicing
techniques required and to troubleshoot
this somewhat more complex system.
5.2.1c Multiplexed Phone Systems
Multiplex telephone
their private channel
electronic means on a
Multiplexing can be via
multiplexing (TDM) or frequency division
multiplexing (FDM). Although TDM systems
have been developed and provide certain
advantages, a multitude of disadvantages
tend to make this type of multiplexing
unattractive for mine telephone systems.

systems achieve
capability via
single cable.
time division

FDM systems have been developed and
tested in underground mines with consid-
erable success. These systems can be
divided into ones that require a central
switching station for system control and
those that do not. In a central switch-
ing system, most if not all of the system
intelligence resides in the central unit
which assigns frequencies, provides power
for the phones, and generates ringing and
busy signals. These systems are gener-
ally permitted only in nongassy mines., A
serious disadvantage of such a system is
that a failure 1in the central wunit can
render the entire system inoperative.

A system that does not rely on a
central switching unit has been developed
by the Bureau of Mines. The system 1is
based upon microprocessor control, where
intelligence 1is resident in each tele-
phone. Eight-channel voice or data com-
munications is possible, The system uti-
lizes FDM at medium frequencies (340-650
kHz) and is designed for a 10-mile cable
plant. A failure of any one phone nor-
mally affects the multiplex feature of
that phone only. Each phone also in-
cludes a resident pager phone capability
such that even a total failure of the
microprocessor intelligence will not
normally inhibit a user from making a
call. This feature 1is essential in any
modern telephone system for underground
mines. Supervisory feedback and a vis-
ual message-leaving capability (as is
required 1in several States) are also
included.



5.2.2 Cable Selection

Telephone transmission is made over
wires which represent a considerable
fraction of the cost of any telephone
system. As an example, figure 5-4 shows
three broad categories of equipment in
which telephone companies invest. The
"transmission” category not only repre-
sents wires, but also includes multiplex
systems, microwave systems, and other
wire substitutes. Since transmission
equipment accounts for about half of the
total investment, telephone companies put
considerable effort into planning the
layout and the growth of their transmis-
sion facilities. Cable costs account for
even a greater percent of the expense in-
volved in an wunderground communication
system. Therefore, mine planners should
also carefully plan the network and re-
vise the plan on a scheduled basis.

The general environment in an under-
ground mine imposes severe physical re-
quirements on communication cable. Insu-
lation is required to withstand exposure
to moisture, abrasion, and rough han-
dling; to afford protection against some
level of accidental contact with higher

F Transmission

; 45°/ 55%

Y "N
A Iy \/\/,‘

FIGURE 5-4. - Telephone company investments,
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voltages; and to not support combustion

in case of fire.

Twisted-pair construction is advised
to reduce the effects of induced noise or
interference. The 14 AWG solid-conductor
twisted pair, with suitable insulation
dielectric and outer protective jacket is
very rugged, and will withstand the rough
handling and stress imposed by abrasion
against timbers or falling debris. For
the smaller diameter wires, such as
19 AWG, a figure-8 cable is recommended.
In this construction, a steel "messenger”
or support wire is added to the twisted-
pair bundle, so that the overall cross
section resembles a figure 8. The steel
messenger cable provides additional
strength and support so that mwminimum
strain is applied to the signal-carrying
twisted pair.

Solid conductor is advised, rather
than the more easily handled multistrand
wire. The multistrand cable is subject
to corrosion buildup on the surface of
the individual conductor strands, which
in time could reduce the conductivity of
a splice or connection and become the
source of added noise and reduced signal
level. Conditions within an underground
mine dictate the wuse of press-on or
twist-on connectors as common practice to

complete a splice. Such practices are
not compatible with the use of multi-
strand wire.

The choice of wire size 1is deter-
mined by the configuration of the tele-
phone system and the type of phone in

use. Major factors to consider in the
choice of wire size are the total length
of cable run, the number of phones in the
circuit, the average distance between the
phones, and the characteristics of the
ringing or calling circuit in each phone.

In pager phone systems, the paging
relay circuit is one of the more critical
parameters to consider in the choice of
pager phone wire size. The normal audio
signal imposed on the cable is about 1 to
2 MW; this signal level is sufficient to
operate a phone receiver at satisfactory
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cable as
The limiting condition
is the ability to reliably operate the
paging relays. In this regard, the cable
impedance, or resistance per unit length,
as it affects the availlable dc voltage at
the paging relay, 1is more 1influential
than audio loss. Calculation of the min-
imum wire size that will insure reliable
operation of all paging relays must take
into account three major parameters:
paging circuit impedance, battery volt-
age, and wire losses.

volume over several miles of
small as 19 AWG.

Some pager phones use electromechan-
ical relays that have an impedance of
about 2,500 ohms while other systems use
electronic or semiconductor switching
circuits that have an impedance of from
8,000 to 50,000 ohms. The minimum dec
voltage required to operate any of these
relays 1is about 1.5 to 4 volts. To
insure a safety margin, it is recommended
that at least 5 volts dc be available at
all telephone paging relays. It is eas-
ier to obtain this minimum voltage with
the higher impedance circuits.

Available battery voltage is a func-
tion of the condition of the battery and
the load it must operate. In a 12-volt
system, the battery is at the end of its
useful life when the dc voltage under
load condition approaches 8 volts. For a
24-volt system, a battery is at the end
of its useful life when the available dc

voltage under load approaches 16 volts.
There is no specific time at which the
battery can be identified as not usable.
However, it is generally agreed that the
levels just stated are typical of the end
of a battery's useful life and indicate
that it should be replaced.

In many pager phones, the internal
circuit has been designed so that the
total battery voltage is not available on
the line for operation of paging relays.
Circuitry in such phones can add a series
dc resistance of from 10 to 100 ohms to
limit the short-circuit drain to levels
of operation that are intrinsically safe.
A pager phone system can draw significant
current from the battery in the "paging”
phone., This causes an internal voltage
drop which significantly reduces the
effective voltage presented to the line.
Estimates of this effect, for a variety
of conditions, are shown in table 5-3.

Wire loss per unit length is a func-
tion of wire diameter and system configu-

ration. These factors include total wire
used, telephone spacing, number of
phones, and input impedance. All of

these factors must be considered together
in view of the expected battery voltage
at end of useful 1life (8 or 16 volts),
the relay impedance (2,500 ohms or
greater than 8,000 ohms), and the inter-
nal voltage drop because of circuit
losses.

TABLE 5-3. - Effect of paging circuit impedance

(Electromechanical relays, 2,500 ohms)

Battery voltage, Limiting Available battery voltage
dc volts resistance, on the line, dc volts
ohms 10-phone system | 20—-phone system
24-volt battery:
10 23.75 23.5
24 (new)..l........... lOO 19 18
10 15.5 15.5
16 (near end of life). 100 13 12
12;‘2’°%te3‘;‘ttery‘ 10 11.8 11.6
n ® ® 00 000 00 o0 o0 100 lO 8
. 10 7.8 7.6
8 (near end of life).. 100 6.5 6




The simplest calculation is to as-
sume a basic ladder configuration, where

all phones are in parallel on the same
single two-wire cable, strung the length
of the installation (fig. 5-5). This ba-—

sic installation is the one most normally
considered when calculations are made to
determine minimum wire size. Tables 5-4
and 5-5 indicate the minimum wire size
for both electromechanical and electronic
relays, with average phone spacing of 1/4
and i/2 mile.

In a 12-volt system, with electro-
mechanical 2,500-ohm relays, only 12
hones spaced 1/4 mile apart over 3 miles
can be wused with 19 AWG wire. However,
20 phones can be wused over a 5-mile run

if 14 AWG wire 1is used. If electronic
8,000-ohm relays were used, the 24-volt
system could support 33 phones over 8

miles of cable using 19 AWG wire.

Tables 5-4 and 5-5 do not take into
consideration line losses caused by poor
splices, dampness, or defective phones.
However, they do illustrate comparative
conditions as a guide for system design
and component selection,

Consideration of a topography that
involves a multiple-branch system may
result in a design that can use a smaller
diameter wire. Conditions in mines nor-
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FIGURE 5.5, - Basic ladder configuration.
or 1incorrect branch connections and
splices tend to reduce performance--so
that wusing detailed calculations to de-
termine marginally usable minimum wire
size is not a recommended practice. It

makes more sense to determine a minimum

wire size for safe operating level and
then use that size as a guide to select
or recommend a wire that meets all the

specifications. For multiple~branch con-
figurations, the following rules of thumb
can be used to estimate minimum wire size
without extensive calculation:

mally degrade even the best of systems—— 1. Determine present telephone
moisture causes signal leakage; erratic configuration,
TABLE 5-4. - 1/4-mile pager phone spacing
System 19 AWG 14 AWG
12-volt, 2,500-ohm relay 3 miles, 12 phones 5 miles, 20 phones
24=yolt, 2,500-ohm relay 5 miles, 20 phones 9 miles, 36 phones
12-volt, 8,000-ohm relay 5 miles, 20 phones 9 miles, 36 phones
24-volt, 8,000-ohm relay 8 miles, 33 phones >9 miles, >36 phones
TABLE 5-5. - 1/2-mile pager phone spacing
System 19 AWG 14 AWG
12-volt, 2,500-ohm relay { 4.5 miles, 9 phones 7.5 miles, 15 phones
24-volt, 2,500-ohm relay | 7 miles, 14 phones 13 miles, 26 phones
12-volt, 8,000-ohm relay | 7.5 miles, 15 phones 13 miles, 26 phones
24-volt, 8,000-ohm relay | 13 miles, 26 phones >18 miles, >36 phones
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2. Estimate probable growth of the
telephone configuration.
3. Sketch the future telephone

configuration.

4. Examine the sketch to determine
the longest combined path that takes into
account a majority of the telephones.

5. From table 5-2 or 5-3 determine
the minimum wire size for the longest
path needs.

6. The added loads of the other
branches will not greatly affect the
determination of minimum wire size and

can be ignored for such an estimate.

The 21 pager phones shown in the top
panel of figure 5-6, spaced an average of

1/4 mile apart, are connected in a
branching system, which can be repre-
sented by the impedance diagram shown in

the bottom panel. The longest path is E
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FIGURE 5-6. - Branching [adder network.

to D to J, which includes 10 phones over
about 2.5 miles of cable. If we examine
table 5-2, we find that with 2,500-ohm
mechanical relays in a 12-volt system,
19 AWG wire is adequate for the
configuration.

rule-of-thumb estimate
identify approximate
requirements for wire size, but it does
not replace necessary detailed calcula-
tions for a major installation with many
branches. It must also be emphasized
that calculation of minimum wire size
identifies the bottom limit of a marginal
condition and good engineering practice
dictates some margin of reliability. The
general manufacturers' recommendation of
14 to 16 AWG twisted pair for systems us-
ing 2,500~ohm electromechanical relays is
sound, particularly for a 12-volt system.

This type of
is adequate to

For systems using semiconductor pag-
ing circuits (with impedances of 8,000
ohms or greater), 19 AWG is wusually ade-
quate. This is particularly true for 24-
volt systems, but also applies to most
12-volt systems that have high-impedance
switching circuits.

In summary, the cable wire size de-
pends on a series of factors that include
the total number of telephones in an in-
stallation, the total length of cable run
(distance between the farthest phones),
the configuration of branch 1lines, the
available battery voltage, and the type
of paging relay used. The preferred ca-
ble, regardless of wire size, is a
twisted pair of solid conductor wires,
with individual insulation around each
wire in the pair and an outer abrasion-
resistant covering of waterproof, flame-
retardant material.

5.2.3 Summary

The basic system choices that may be
selected when choosing an wunderground
wired phone system consist of-—-

Single pair.--This
system 1in which
same channel.

is a party line
all phones are on the



Multipair.-—A private 1line system
with each phone or group of phones con-
nected to the system center by its own
individual wire pair.

Multiplex.—-A private line
using a single cable, with the
and from each phone multiplexed
common cable.

system
audio to
onto the

In all of these systems, telephone
transmission is made over wires which
represents a considerable fraction of the
cost of the entire system., Since trans-
mission equipment accounts for about half
of total investment, companies should put
considerable effort into planning the
layout and growth of their transmission
facilities,

In planning mine communication
systems, the pairs or voice channels
that will be needed in the future and
the mobility of the telephones involved
should be kept in mind. In addition,
pairs that will be needed for purposes
other than for telephones (telemetry,
remote monitoring, etc.), which inci-
dentally may exceed voice communica-
tion needs, should also be taken into
account.’

5.3 Improving Existing (In-Place)
Phone Systems

The two types of communication sys-
tems commonly used to date in underground
mines are as follows:

Carrier current radio system using
the trolley line.

Various types of telephone system.

Because these systems have gained
such widespread usage, methods for up-
grading and improving presently installed
systems are presented in the following
sections. The first deals with improving

1Approved and nonapproved equipment may
not share the same cables; check with
MSHA for details.
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performance of a trolley carrier system,
and the second treats telephone systems.

5.3.1 Trolley Carrier Phone Systems

WARNING

Some of these procedures are un-
dertaken with the trolley wire ener-
gized; therefore, they are extremely
hazardous. Extreme caution must be
exercised to avoid potentially lethal
shock. The fuses wused in the test
leads serve only to protect equipment
and do not in any way reduce the
shock hazard to personnel. Only per-
sonnel thoroughly familiar with elec-—
trical work on trolley wires should
conduct these procedures. The perma-
nent connection of components should
be done with power removed. Care
should also be taken to insure that
components and equipment are suitable
for use in the desired application.

The trolley carrier phones wused for
dispatch purposes in electrical rail
haulage mines often show problems in pro-
viding coverage over the entire haulage
system. Direct communication between the
dispatcher and vehicles in certain areas
of the mine is often difficult or impos-
sible. The major reason for these diffi-
culties is the effects that loads placed
across the trolley wire or rail have on
transmission.

Both theory and experiment show that
the trolley wire-rail by itself is a rel-
atively good transmission line for car-
rier phone frequencies. 1In fact, on an
unloaded trolley wire-rail transmission
line, a distance of 35 miles could be ex-
pected for communication range. Communi-
cations over a real trolley wire-rail can
never achieve this range because the many
loads across the trolley wire-rail absorb
and reflect carrier signal power. The
list of these loads is long and includes

rectifiers, personnel heaters, signal
lights, vehicle motors, vehicle lights,
and the carrier phone itself. It is

probable that the net signal attenuation
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rate for a trolley wire-rail with typical
loads placed across it yields a useful
range as low as 3.5 miles. The problem
of obtaining good signal propagation is
further aggravated by branches of the
trolley wire where the signal splits in a
totally uncontrollable way. Lack of
proper signal termination at the ends of
the trolley wire-rail further degrades
signal propagation. The vehicles repre-—
sent moving loads on the transmission
line and add a further complication to
obtaining or predicting good signal pro-
pagation. Also, advancing the mine face
means that the transmission network
changes with time, yielding more uncer-
tainty to the quality of transmission.

The seriousness of the
loads can be seen by reference
ure 5-7 where the losses for typical
loads are tabulated. Using this chart,
one can make an estimate of the total
signal 1loss by adding the individual
losses (in decibels).

bridging
to fig-

In the past, whenever
carrier communications existed, attempts
were made to remedy the problem wusing
"Z-boxes,"” or signal couplers to the
phone line. Z-boxes are not permissible,
are usually not the best solution, and
may actually introduce more problems then
they solve., Mines are full of Z-boxes
that have been disconnected and abandoned

poor trolley

LOAD OHMS
60

HEATERS 20-400

RECTIFIERS 2-10

VEHICLE MOTORS 50-500

50 | VEHICLE LIGHTS 60-120

CARRIER PHONES 20-200

MINE LIGHTS 5002000

SIGNAL LOSE (dB)

0 1 | 1
01 10 10 100 1000

BRIDGING LOAD (OHMS)

FIGURE 5-7. - Signal loss versus bridging load.

because of poor performance. It is
recommended that solutions other than
Z-boxes be wused to improve the perform-

ance of trolley carrier phone systems.

The most straightforward way of
treating the trolley wire-rail to make it
into a functional carrier signal trans-
mission line is to physically remove from
the trolley wire-rail all of the bridging
loads that impede carrier signal propaga-
tion. The steps in this process follow:

1. Identify the bridging 1loads.
List all the bridging loads across the
trolley wire-rail. Consult figure 5-7 to
estimate the seriousness of the impedi-
ment to carrier signal propagation that
each load represents.

2. Determine which loads can be
removed from the trolley wire-rail and be
operated from mine ac power.

For practical reasons, physical
removal of bridging loads has severe lim-
itations. Certain critical 1loads, in-
cluding rectifiers, vehicles, lights,
motors, and carrier phones themselves,
cannot be removed from the trolley wire-—
rail. In some instances, none of the
loads can be removed from the trolley
wire-rail, and efforts to improve signal
propagation must involve other methods.

Studies conducted have revealed
alternative ways of increasing the range
and quality of existing trolley carrier
phone systems. These methods include-—-

Isolated 1loads at the carrier

frequency
Using a dedicated line

Using a remote transceiver

5.3.1la Isolating Loads at the Carrier
Frequency
Figure 5-7 shows that as the bridg-
ing resistance 1is increased, the signal

loss decreases. The "isolating loads"”
method involves adding passive circuit
elements (inductors and capacitors) in



series with the particular load to reduce
the effects of the bridging 1load. The
circuit elements do not affect dc equip-
ment (motors, lights, etc.) being powered
from the trolley wire, but they do, if
properly chosen, add high impedance at
the carrier frequency. Rectifiers, heat-
ers, and vehicle lights are the bridging
loads that most seriously degrade re-
ceived signal 1levels and should be
treated first to improve received signal
levels.
5.3.la.i Rectifiers

There are three means of raising the
effective carrier frequency impedance of
a rectifier. The most practical method
depends on where the rectifier 1is in-
stalled. If it is located relatively far
from the rail (beyond 40 feet), the feed
wires represent sufficient 1inductance
that can be resonated, thereby raising
the effective 1impedance as seen by the
trolley wire-rail (fig. 5-84). If the
rectifier setback is short (less than 40
feet), two techniques can be wused to
raise the effective impedance: (1) A
fixed high-current inductor can be added

in series with the rectifier and that
inductor can then be tuned to raise the
effective impedance (fig. 5-8B); or
(2) the inductance of the trolley wire-
rail can be used to resonate short sec-
tions of the trolley wire-rail near the
bridging load to raise the effective
bridging impedance (fig. 5-8C). The ways

of applying each of these means are de-

scribed below.
a. Resonating the Feed Wire Inductance

The following steps are
tune the rectifier feed wires:

required to

1. Attach a 1,000-volt (some sys-—
tems may require even higher voltage com—

ponents), 1-uF or larger, oil-filled
capacitor directly across the plus and
minus terminals 1inside the rectifier.
(This capacitor serves to reject
rectifier-generated interference 1in the
carrier frequency band.)

2. At the far end of the feeder

wires, as near to the trolley wire-rail
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RECTIFIER
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—
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A. RESONATING THE FEED WIRE INDUCTANCE
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RECTIFIER
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C. RESONATING THE TROLLEY WIRE/RAIL INDUCTANCE

FIGURE 5.8. - Ways of raising the impedance

of a rectifier.

RECTIFIER

I ADDED
TUNING
CAPACITOR

as practical, install the
set shown in figure 5-9.
comprises a decade

temporary test
This test set
capacitor, isolating

and protection devices, and a tuned
voltmeter. Usually two feed wires are
run from the rectifier to this point.

Only one need be treated.

3. The dispatcher is called from a
jeep parked nearby and asked to key on
his transmitter for 20 seconds or so.

The decade capacitor box 1s switched
through its range of operation and left
at the position of maximum signal, as

indicated by the tuned voltmeter. (The
decade box should have enough range
to peak the voltmeter.) This value of

signal should be larger than when the
decade capacitor is at its off position.
The two values—-the voltage when the dec-
ade capacitor 1is off and the maximum
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FIGURE 5-9. - Test configurations for tuning
feeder wire.
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FIGURE 5-10. - Permanent installation of tun-
ing elements for feeder wire.

Some of these procedures
fore, they are extremely hazardous.
potentially lethal shock.
equipment and do not in any way reduce
sonnel thoroughly familiar
these procedures.
power removed.

The permanent

WARNING

are undertaken with the
Extreme caution must be exercised to avoid
The fuses used in the test leads serve only to protect

with electrical work

the shock hazard to personnel., Only per-
on trolley wires should conduct
of components should be done with

connection
Care should also be taken to insure that components and equipment
are suitable for use in the desired application.

trolley wire energized; there-

value--should be logged, preferably on a
mine map. There should be an appreciable
increase in voltage for this condition,
at least 1 1/2 to 1, and in some in-
stances up to 10 to 1. The value of the
capacitance that produces the maximum
voltage should be noted from the value
indicated on the decade capacitor, and a
suitable capacitor of that wvalue should
then be installed in a permanent fashion,
as shown in figure 5-10. When this in-
stallation has been made, a final check,
using the tuned voltmeter, should be made
to ascertain that the originally indi-
cated increased voltage is obtained.

For this procedure, it 1is important
that the tuned voltmeter be tuned to the
precise transmission frequency of the

dispatcher. A preliminary
easily ascertain that this

test can
condition has

been met by sweeping the tuning dial of
the tuned voltmeter through the region
near the transmitted frequency and leav-

ing it at the position where maximum

response is indicated.
b. Resonating an Added Fixed Inductance

When the setback is short, an added
inductor made of a coil of feeder wire
may be used to provide a series induct-
ance that can be tuned. Because feeder
wire 1s expensive, a coil in the so-
called Brooks form, which yields the max-
imum inductance per length of wire,
should be used. See Appendix A (Mine E)
for an actual installation example.



The approximate form is shown in
figure 5-11. A reasonable bending radius
for the typical thousand-circular-mils
cable wused for such feeder wires 1is 2
feet; therefore this dimension is approx-
imately fixed. Four turns at this diam-
eter yield an inductance of approximately
25 YH, which is adequate for tuning most
rectifiers. The coil should be installed
in the room in which the rectifier is lo-
cated and should be kept a few feet away
from the coal to prevent added losses at
the carrier frequency. The exact value
of inductance is wunknown, so the coil
will have to be tuned in much the same
manner as discussed previously for reso-
nating the feeder wires.

Figure 5-12 1illustrates the test
setup. The dispatcher is called and
asked for a 20-second transmission. The
decade capacitor is switched through its
positions and left at the position that
yields the maximum voltage. (The decade
box should have enough range to peak the
voltmeter.) The received voltage with
the decade capacitor in the "off" posi-
tion and the maximum voltage should be
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FIGURE 5-11. - Coil form.
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noted, preferably on a mine map. When
the best capacitor value has been found
in this manner, the test set is re-
moved and a suitable capacitor of the
value found during the test is perma-
nently attached to the coil, as shown in
figure 5-13. When completed, a last test
is made to verify that the improved sig-
nal reception is obtained.

c. Resonating the Trolley Wire-Rail
Inductance

A method that can be applied 1if the
rectifier setback is short, and it would
be impractical to install a fixed induc-
tor in series with the rectifier feed
wires, is to tune the trolley wire-rail

1000 vV

DECADE
CAPACITOR

T0
RECTIFIER *———
(HOT SIDE)

WARNlNG]\

CAPACITCR T

5 mfd, 1000 VOLTS, =

1S ESSENTIAL. WITHOUT \
IT TROLLEY VOLTAGE IS
APPLIED TO THE
VOLTMETER

TUNED

T0O
VOLTMETER TROLLEY WIRE

TO
RAIL OR GROUND

Some of these procedures are undertaken with the trolley
wire energized; thercfore, they are extremely hazardous.

kExtreme caution must be exercised to avoid potentially
lethal shock. ‘The fuses used in the test leads serve only
to protect cquipment and do not in any way reduce the
shock hazard to personnel. Only personnel thoroughly
familiar with clectrical work on 1rolley wires should ¢on-

duct these procedures.  The permancent conmection ot
components should be done with power removed. Care
should also be taken 1o insure that components and equip-
ment are suitable for use in the desired application,

FIGURE 5-12. - Test setup for tuning fixed

inductance.
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CAPACITOR
MOUNTED IN
FUSE HOLDER
IN UTILITY BOX

WARNING

Some of these procedures are undertaken with the trolley
wirc energized; therefore, they are extremely hazardous.
Extreme caution must be exercised to avoid potentially
lethal shock. The fuses used in the test leads serve only
to protect cquipment and do not in any way reduce the
shock hazard to personnel. Only personuel thoroughly
familiar with clectrical work on trolley wires should con-
duct these procedures. The permanent connection ot
components should be done with power removed. Care
should also be taken o insure that components and equip-
ment dre suitable for use in the desired application,

FIGURE 5-13. - Permanent attachment of tun-

ing capacitor to fixed inductor.

as shown in figure 5-8C.
described below:

The steps are

1. Locate a position about 80 feet
along the trolley wire-rail from the
place where the rectifier feed wires
attach to the trolley wire-rail. Install
the test set as illustrated in figure 5-9
between the trolley wire and rail.
Request the dispatcher to transmit for
about 20 seconds. Switch the capacitor
box through its values to find a maximum
signal level, as indicated on the tuned
voltmeter. (The decade box should have
enough range to peak the voltage level,)
Note the value with the decade capacitor
in the "off"” position and the wvalue to
maximum signal, and list these values on

a mine map. Remove the test fixture, and
install permanently a suitable capacitor
of the indicated value. Request another
transmission to verify that the signal
improvement observed during the test was
maintained after permanent installation.

2. Repeat the same procedure as in

step 1, but at a place in the opposite
direction along the trolley wire-rail;
that is, 80 feet or so on the other side
of the feed point. Keep records as
before.

3. Return to the first point and

measure and record the signal level for a
dispatcher's transmission.
5.3.1a.ii Heaters

Personnel heaters with a wide range
of wattage ratings are wused; however,
1,000 watts is 1likely to be the lowest,
and each heater of this rating or higher
poses a significant signal loss to the
carrier system. Such heaters will range
in resistance from 360 ohms for a 1-kW
unit on a 600-volt line to 18 ohms for a
5-kW unit on a 300-volt 1line. Current
will range from 1.5 to 17 amperes for
corresponding conditions. Unlike recti-
fier currents, these heater currents are

sufficiently low that commercial induc-
tors can be wused untuned to provide
isolation of heaters, thereby avoiding
the step of individually tuning each
isolator.

To raise the impedance level to
300 ohms at 100 kHz wusing an untuned
inductance requires an inductor of

500 pH. While it would be convenient to
find a single inductor wusable for all
such 1loads, the wide range of direct
currents that must be handled (1.5 to
17 amperes) makes it necessary to select
each inductor on an individual basis.,

The procedure for treating personnel
heaters follows: Locate the heater ele-
ment., Measure the carrier frequency
voltage at this load, wusing the tuned
voltmeter and a dispatcher's transmis-
sion. Note this value on a mine map.
Disconnect the heater and permanently



attach a 500-uH inductor in series with
the element. Reconnect the heater and
measure the voltage produced across the

heater and inductor in series, using the
tuned voltmeter and a dispatcher's trans-
mission. An improvement in voltage of up
to 10 to 1 can be expected. Note the new
received voltage on the mine map. Repeat
this °~ procedure for each personnel
heater.

5.3.la.iii Vehicle Lights

Mine vehicles, including locomo-
tives, jeeps, and portal buses, all draw
substantial power from the trolley wire.
Much of this power is wused for motive
purposes. Motors represent a relatively
high impedance at trolley carrier fre-
quencies, particularly for jeeps and por-—
tal buses and to a lesser extent for
locomotives. However, a part of the
power 1is wused for headlights on the
vehicles, Most conventional vehicles use
150-watt, 32-volt, PAR-type 1lights for
this purpose. The difference between
32 volts and the trolley voltage is taken
up with a ballast resistor. A single
light circuit of this type presents a
resistance of about 50 ohms on a 300-volt
circuit and about 110 ohms on a 600-volt
circuit. Because some vehicles use two
lights at a time, and some only one, the
bridging loads represented by the vehicle
lights range from 110 to 25 ohms per
vehicle. These values are sufficiently
low that treatment is desirable.

The procedure for treating vehicle lights
follows: Insert a 10-ampere, 500-uH
inductor in series with the light circuit
of each wvehicle. Make sure that the
inductor is only in series with the light
circuit and is not in series with the
motor or trolley phone circuits. Because
of the variable conditions faced by the

vehicles, it is not of much wutility to
check the before and after carrier fre-
quency voltages found on vehicles, but

the tuned voltmeter could be
this purpose if so desired.

used for
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5.3.la.iv Other Loads
Other loads can also adversely
affect propagation on the trolley wire-

rail; for example, signal and illumina-
tion lights. As noted earlier, an indi-
vidual 1light bulb, or a string of such
lights, does not 1impose much insertion
loss. However, if there are many lights,
the total effect could be substantial. A
way to estimate whether such lights
affect propagation significantly is to
count the number of lights on the trolley
wire-rall between the dispatcher and the
farthest place in the mine, and calculate
the total bridging resistance. Approxi-
mate value of loss versus bridging load
can be estimated from figure 5-7. If the
toal loss is less than 6 dB, only margin-
al improvements will result from treating
these lights. If the 1loss is more than
6 dB, consideration should be given to
treating the lights. It would be a rath-
er unusual situation to find 1lights that
really represented a significant impedi-
ment to propagation of a trolley wire-
rail. However, when marginal signal lev-
els exist, the lights could well make the
difference between marginal and fully
usable signal levels.

The most effective way to treat such
lights would be to take them off the line
and operate them from the ac system.
This practice 1is being wused in some of
the newer mines. In old mines, where ac
power 1is not available, 1little can be
done. In some instances, the power rat-
ing of the 1lights could be reduced,
thereby raising the value of the bridging
impedance. Fixed inductors could also be
used but would only have small effects
because the 1light strings (typically
three 100-watt, 115-volt lights in series
in a 300-volt system) already have a
fairly high resistance (approximately 300
ohms for the example above).

Other 1loads are comprised of such
equipment as pumps and other motor-
driven devices. However, these devices
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generally have high enough impedances and
are placed so infrequently that they re-
sult in minimal loading effects.

5.3.1b Using a Dedicated Wire

As previously mentioned, the trolley
wire-rail is an inefficient transmission
path because of the many loads that exist
on the line. In the dedicated-wire tech-
nique, an independent wire (called the
"dedicated wire") is run down the entry-
way with the trolley line on the wide
side, but not connected to the trolley
line in any manner.

Such a wire, since it 1is unloaded,
has a very low attenuation rate. There-
fore, if a signal 1is transmitted on the
dedicated wire, the signal strength re-
mains high. Since the trolley line and
dedicated wire are located in the same
entry, there is a mutual electromagnetic
coupling between them. (The effects of
loads on the trolley line are transferred
to the dedicated wire, and the high sig-
nal on the dedicated wire 1is transferred

to the trolley 1line.) Fortunately, 1if
the separation between the two 1is large
enough (9 feet or more), the loading ef-

fects of the trolley line are only weakly
transferred to the dedicated wire, so
that the attenuation rate stays low. But
at the same time, the high signal levels
on the dedicated wire are strongly cou-
pled to the trolley line. The net result
is that commnication 1is now possible in
areas where it was not possible before.
The procedure for developing a system
based on a dedicated wire is divided into
the following three steps:

1. Routing.--Ascertain from a mine
map the area of coverage desired, con-
sidering that the dispatcher position is
the key position. Mark out on this map a
route for a single line that runs in the
same entryway as the trolley wire-rail to
which communication is desired. Avoid
branches on this route, If necessary,
use a second or third such route to cover
all regions of the mine. Short side-
tracks need not be covered initially. If
a branch on the route will cover the
desired region with less length of wire,

use a branch, but minimize the number of

branches.

2. Installation.--Install the wire;
No. 10 or No. 12 wire is well suited to
the task. Copper—-weld construction 1is
recommended for strength and integrity.
This wire must be insulated and also held
away from the rib or roof for at least
3 inches., Installation must be on the
wide side of the entry, and the wire
should be located for least exposure to
damage. At the far ends of each line,
the wire is terminated by a 200-ohm,
10—watt resistor to the rail, as illus-
trated in figure 5-14. If branches are
used, signal-splitting resistors must be
included (fig. 5-15) to reduce signal
attenuation.

3. Connection of Transmitter.--Upon
completion of the installation of the
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special-purpose wire, the dispatcher’'s
transmitter should be directly connected
to the end or ends of the wire that con-
verge on the dispatcher's station. The
return wire of the transmitter should go
to earth or to the rail.

As noted before, the use of branches
should be minimized. When the routes are
short, (considerably less than 10 miles),
resort can be made to branches on a dedi-
cated wire. When more than one wire is
used, they should be run in separate en-
tryways. The reason that branches are
undesirable is that a branch reduces the
signal level by 2 to 1 (6 dB). On short
runs, such a loss can be tolerated, but
on runs approaching 10 miles, such a loss
may be too high.
5.3.1lc Using a Remote Transceiver

Frequently the dispatcher is located
at one edge of the mine complex. If this
is the case, the communication range
required must be extensive in order that
the dispatcher be able to reach motormen
on the opposite side of the mine. In
some instances, a convenient way of solv-
ing the dispatcher's problem is to use a
remote transceiver located at the most
favorable place for reaching all parts of
a mine complex. The location of such a
remote transceiver is likely to be near
the center of the rail haulage system of
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the mine, although in certain circum-
stances moving it somewhat away from
such a center might produce more favor-

able results.

As an example of what might be
achieved by this means, consider a dis-
patcher's position for which the signal

attenuation is 80 dB from his position to
the farthest reach of the mine. This at-
tenuation means that an initial 25-volt
rms signal provided by the dispatcher's
transmitter would be reduced to 2.5 mV at
the farthest reach of the mine. This
level of signal is marginal, and thus the

dispatcher would have poor communication
to those motors on the far side of the
mine. If the dispatcher's transceiver

were moved to the center of such a mine,
the signal attenuation should drop to
one-half, or 40 dB, from this central po-
sition to the extremities of the mine.
The 40 dB of attenuation would provide
signal levels of 250 mV at the extremes
of the mine, 100 times bigger than would
result 1f the dispatcher's transmitter
were located at one edge of the mine.

Such a substantial
signal 1levels throughout the mine would
change an otherwise marginal operation
into a completely adequate communication
system. Insofar as the ispatcher is
concerned, his operation would remain the
same. He would still have the carrier
phone speaker and microphone located at
his dispatching position; however, the
control and audio signals would be trans-
mitted from his position through a
twisted shielded pair to the remote
transceiver (fig. 5-16). Thus, it would
be necessary to run an audio cable for
whatever distance was necessary to reach
the center of the mine. In mines where
multipair telephone cable is used, a pair
may be available for this purpose. If
not, the expense and inconvenience of in-
stalling such a cable would be justified
to assure adequate coverage for the dis-
patcher's communication system.

improvement in
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NOTE IF THE TROLLEY IS SECTIONALIZED, COUPLING
CAPACITORS (5 uf, 1000 VOLTS) MUST BE USED
TO PROVIDE A PATH FOR THE CARRIER
COMMUNICATIONS.

TO
RECTIFIER
+—NO.1

RECTIFIER
TROLLEY WIRE NO.2 e

AUDIO AND
KEYING LINES

TO
DISPATCHER TRANSCEIVER

RAIL

WARNING

Some of these procedures are undertaken with the trolley
wire energized; thercfore, they are extremely hazardous.
Extreme caution niust be exercised to avoid potentially
fethal shock. The fuses usedin the test leads serve only
to protect cquipment and do nor in any way reduce the
shock hazard to personnel. Only personnel thoroughly
familiar with clecirical work on trollev wires should con-
duct these procedures. The permanent connection ot
components should be done with power removed. Care
should also be taken to insure that components and equip-
ment are suitable for use in the desired application,

FIGURE 5-16. - Dispatcher’s remote transceiver.

5.3.1d Summary

A substantial number of the problems
associated with maintaining good trolley
commnication systems can be avoided by
advanced planning. For those planning a
comminication system for a new mine, the
following suggestions are offered to as-
sure optimum operation of the trolley
carrier phone system when installed:

l. If the trolley wire is section-
alized, make sure capacitors (5 pF,
1,000 volts) (some systems may require

even higher voltage
sections together.

components) tie the

2, Plan to operate as many auxil-
iary loads as is practicable on mine ac
power rather than from the trolley wire
power.

3. Consider the use of a dedicated
wire to aid signal propagation.

4, Select carrier
ers that show a high
impedance.

phone transceiv-
value of standby

5. Insist that vehicle manufactur-
ers indicate the 88- to 100-kHz operating
impedance of their vehicles, and select
vehicles that show high operating imped-
ance at the carrier frequency.

6. If possible, use at 1least a 50-
foot setback for rectifiers that are to
be 1installed in the mine; this setback
will permit tuning of the rectifier leads
to raise the impedance of the rectifier.

7. Ask the rectifier manufacturers
to supply internal filters in series with
the voltage to raise the carrier fre-
quency impedance to a high level.

8. Plan and design isolators for
all other appreciable bridging loads
across the trolley wire rail.

5.3.2 Improving Telephone Systems

As mentioned earlier, hardwired
phone systems fall into three major cate-

gories: single pair (party-line), multi-
pair, and multiplex phone systems. A ma-
jor disadvantage of single-pair systems

is that each telephone must be used in a
party-line arrangement. This prevents
simultaneous conversations in the system
and reduces its usefulness for discussing
maintenance problems or other wuses that
can tie up the system for long periods of
time. Multipair and multiplex systems
provide for many simultaneous conversa-
tions but until recently did not possess
the paging ability.

All three of these systems can usu-—
ally be improved if the basic reasons for
poor performance or high noise levels are
understood. For instance:

Heavier gage wire presents 1less at-
tenuation to the signal and results in
better coverage over greater distance.

Splicing technique has a
fect on signal strength.

large ef-

Twisted pair cable can reduce noise

pickup.



Even when proper precautions have
been taken, all hardwired systems are in-
herently wunreliable. For example, if a
telephone line is broken or shorted by a

roof fall, all telephones beyond that
point are severed from communication to
the outside. If the 1line is shorted,

communications in the entire
be severely affected or 1lost completely.
These deficiencies can be corrected by
the following methods:

system may

Adding loopback to the phone line.
Sectionalizing the phone system.
5.3.2a Loopback Methods

A major disadvantage of any wired
phone system 1s its dependence wupon a
continuous phone line running throughout
the mine. If this phone line is broken,
communication with all phones 1inby the
break is 1lost. Alternate communication
paths, or loopbacks, can be established
as shown in figure 5-17 to overcome this
deficiency. 1If a line break should oc-
cur, the loopback switch can be closed,
allowing each and every phone to still
communicate with all other phones 1in the
system.,

Another way to implement loopback is
to return the phone line to the main
shaft using a different underground path.
No matter which method of loopback is
used, the operation of the systems 1is
similar, During normal operation the

DISPATCHERS LOCATION

L

LOOPBACK SWITCH

P?},'/,f// VAV //’//*‘/ /

LOOPBACK PHONE

LOOPBACK CABLE

7SS )

LINE BREAK
MAIN CABLE

FIGURE 5-17. - Phoneline loopback.
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loopback switch is left in the open posi-
tion., 1If a line break should occur any-
where in the wunderground phone line, the
loopback switch can be closed and each
phone will still be able to communicate
with other phones. Depending upon the
physical layout of the mine, forming an
underground loop may actually require
less wire than if a single line is strung
with many branches running to the indi-
vidual phones. It is imperative that the
loopback switch be always left open under
normal conditions to avoid "masking” line
breaks.

Another method of establishing loop-
back is by using an overland radio 1link,
In this type of system the mine telephone
signals are returned from the end of the
line to the surface through a ventilation
shaft or borehole. At the surface a two-
way radio base station establishes an
overland radio 1link to a second station
near the dispatcher or general mine fore-
man's office. Note that provisions must
be made for dc paging.

Each of the 1loopback systems de-
scribed above utilized a loopback switch
that during normal operation (no 1line
breaks) is left 1in the “open” position.,
This loopback switch serves an important
function in any loopback system. For in-
stance, consider what would happen in
a loopbacked system with no 1loopback
switch, or if the switch is normally left
closed. No communication outages would
be experienced when the first 1line break
occurred because each phone would still
be connected, through one or the other
legs of the 1loop, to the system. The
problem 1is that unless someone under-
ground noticed the brokem phone 1line,
everyone would assume that the system
was completely intact because no com-
munication difficulties were being exper-
ienced. The system could operate in this
mode for a long period of time. How-
ever, when a second line break occurred
commnications to and from all phones be-
tween the two breaks would be lost. Note
also that each time the dispatcher talks
he hears himself on the loopback phone.
This feature alone assures that the phone
line is intact.
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5.3.2b Sectionalizing the Underground
Network

The desirability of selective area
paging and simultaneous conversation
capability along with the maximum possi-
ble use of two-wire transmission line
makes the use of a =zoning or sectional-
ization of the mine telephone system at-
tractive. In this method, each =zone or
section in the wunderground complex is
served by its own cable pair.

To see how the telephone sections
would be interconnected, consider the
simplified four-section system shown in
figure 5-18, Within each area, the pag-
ing telephones would operate normally.
That is, all phones in each area would
operate on a party-line basis. When con-
tact with a phone outside the local area
is desired, connection to the area being
called would be made at an outside cen-
tral exchange. This type of system could
also be made more reliable by having two
different signal paths (loopbacks) avail-
able between each area and the central
exchange.

ek

T
|
h/////”//////,4[/

|
L

T

ZONE &

?55 ﬂ: N

ZONT O

FIGURE 5-18, - Sectionalization of a phone system.

5.3.3 Summary

Advanced planning is essential to
the successful design and installation
of any communication system. The design
plan should take into consideration
changes 1in system requirements to meet
communication demands throughout the en-
tire life of the mine.

Single-pair, multipair, and multi-
plex systems are the basic choices avail-
able once it has been determined that
a hardwired system will best meet the
communication requirements. A consider-
able percentage of the expense involved
in each of these systems is due to the
distribution (cable) network, and advance
planning is especially critical in this
area. Wire lines to meet telemetry re-—
quirements for remote control and mon-
itoring of equipment and atmospheric
conditions should also be recognized.
Note that MSHA regulations may prohib-
it running two systems in a single
cable.

Methods also exist that allow im-
provement of systems already installed.
The performance of trolley carrier sys-—
tems can be improved by removing or iso-
lating bridging loads on the trolley wire
that cause signal attenuation. Dedicated
lines or remote transceivers can also be
used to improve the quality of these
systems.

General maintenance and splicing
technique can have a large effect on the
quality of voice service over wire phone
systems. These systems can also be made
more reliable by providing loopback
paths so that each phone will remain con-
nected to the system in case of a line
break.
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