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MINE C0MMUNIC:AT IONS 

Proceedings: Bureau of Mines Technology Transfer Seminar, 
Bruceton, Pa,, Marctl 21 -22, 1973 

1 / Staff-Mining Research- 

A BST RACT 

The Technology Trans fe r  Seminar on Mine Communications he ld  on 
March 21-22, 1973, a t  t h e  P i t t s b u r g h  Mining and Sa fe ty  Research Center ,  
Bruceton, Pa., p resen ted  in format ion  about r e c e n t l y  developed equipment, 
ins t ruments ,  and techniques  f o r  use  i n  mine communications systems. A l l  
of t h e  b a s i c  i deas  presen ted  i n  t h e  f i n e  seminar a r e  ope ra t i ona l  i n  t h e  
Bureau of Mines Sa fe ty  Research Mine i n  Bruceton. 

INT RODUCT 

The mine communications r e sea rch  program a t  t h e  Bureau of Mines, i n  i t s  
p re sen t  form, was i n i t i a t e d  i n  1970, and irlcludes r e sea rch  p r o j e c t s  encom- 
pass ing  t h e  f i e l d  of mine communications and monitoring. 

The Bureau of Mines i n i t i a t e d  i n  1972 a program aimed a t  so lv ing  some 
of t h e  problems a s s o c i a t e d  w i th  t r a n s f e r r i n g  technology from t h e  developer  
t o  t h e  user .  The technology t r a n s f e r  program i s  a n  i n t ens ive ,  a c t i v e ,  and 
v i t a l  Bureau e f f o r t  t o  s h o r t e n  t h e  l e a d  t ime requi red  f o r  newly developed o r  
improved technology t o  make i t s  way from m:ining l a b o r a t o r y  t o  mining p r a c t i c e ,  
One mechanism by which t h e  Bureau he lps  speed t r a n s f e r  of technology t o  u s e r s  
i s  through t h e  conduct of  t o p i c s  seminars which a r e  a t tended  by mine opera- 
t o r s ,  equipment manufacturers ,  union r e p r e s e n t a t i v e s ,  and o t h e r s  i n t e r e s t e d  
i n  new mining technology. 

S i g n i f i c a n t  advances i n  mine comm~ni~cat ions have been made by t h e  
Bureau of Mines and i t s  con t r ac to r s .  Sincie t h e  i ncep t ion  of t h e  program, 
new and improved means of communication between men on t h e  s u r f a c e  and 
underground have r e s u l t e d .  Many of t h e s e  advances a r e  r epo r t ed  i n  t h i s  
pub l i ca t i on ,  which p r e s e n t s  t h e  proceedings of a seminar he ld  a t  t h e  Bureau's 
P i t t sbu rgh  Mining and Sa fe ty  Research Center  on March 21-22, 1973. 

11 Addi t iona l  in format ion  may be ob ta ined  by w r i t i n g  t h e  Bureau of Mines, - 
4800 Forbes Avenue, P i t t sbu rgh ,  Pa. 15213, A t t en t ion :  
Howard E. Parkinson. 



The aim of t h e  seminar was t o  provide t h e  coa l  mining indus t ry  wi th  
d e t a i l e d  information about r e c e n t l y  developed equipment, instruments ,  and 
techniques f o r  use i n  mine communications systems; t o  demonstrate t h e  
d i f f e r e n t  systems i n s t a l l e d  i n  t h e  Bureau of Mines Sa fe ty  Research Coal 
Mine; and t o  f u r t h e r  t h e  t r a n s f e r  of technology between t h e  Bureau and t h e  
coa l  mining indus t ry .  
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and does n o t  employ endorsement by t h e  Bureau of Mines. 



EMERGENCY/NONEMERGENCY M I N E  COWNICATIONS 

by 

Howard E. Parkinson 1 

ABSTRACT 

The Fede ra l  Bureau of Mines has developed new and improved means and 
methods of communicating from t h e  surface: t o  t h e  underground a r e a s  of mines, 
t he r eby  s t r eng then ing  and extending e x i s t i n g  te lephone  l i n e  and t r o l l e y  
w i r e  communications i n  t h o s e  a r e a s  where t h e  needs a r e  g r e a t e s t .  

New forms of aud io  and c a r r i e r  equipment make u se  of t h e  mine r o o f ,  
overburden, power c a b l e  p i l o t  w i r e s ,  and phone l i n e s  a s  means of i n t e r -  
connect ing equipment f o r  paging and two-way v o i c e  communications. 
E n t r i e s ,  c r o s s c u t s ,  and s p e c i a l  c ab l e s  a r e  a l s o  used t o  p ropaga te  UHF 
r a d i o ,  UHF r e p e a t e r  and base s t a t i o n  concepts  s t r e n g t h e n  t h e  system and 
extend w i r e l e s s  r a d i o  ope ra t i ng  range. 

Emergency communication equipment i s  i n t r i n s i c a l l y  s a f e ,  b a t t e r y  
ope ra t ed ,  and connected w i t h  more t han  one s i g n a l  p a t h  between t h e  under- 
ground and su r f ace .  A t t e n t i o n  i s  g iven  t:o personne l  s a f e t y ,  mine monitor- 
ing ,  i nc r ea sed  communication e f f e c t i v e n e s s ,  t rapped  miner l o c a t i o n ,  and 
c o s t - e f f e c t i v e  a l t e r n a t i v e  schemes, 

New and improved mine communication concepts ,  extended t o  s a t i s f y  
emergency requirements ,  a r e  being r ead i ed  f o r  t e s t i n g  i n  t h e  United S t a t e s  
S t e e l  Robena No. 4 mine nea r  Waynesburg, Pa. 

INT RODU CT I O N  

Mining i s  a  team e f f o r t  which depends upon communication f o r  i t s  
e f f e c t i v e n e s s  and s a f e t y  of opera t ion .  Members of t h e  team i n  a  mine 
such a s  t h a t  dep i c t ed  i n  f i g u r e  1 communicate w i t h  each o t h e r  most ly  
f ace - to - f ace ,  but  communication equipmen,t i s  r equ i r ed  t o  p rov ide  commun- 
i c a t i o n  channels  between t h e  in-mine and s u r f a c e  members of t h e  team. 
This  equipment t r a d i t i o n a l l y  c o n s i s t s  of mine te lephone  and t r o l l e y  w i r e  
communication systems. However, t h e  sys,tems i n  t h e i r  p r e sen t  conf igura-  
t i o n s  a r e  becoming  i n c r e a s i n g l y  inadequ.ate under modern mining condi t ions .  

1 
Superv isory  e l e c t r i c a l  r e s e a r c h  engineer ,  I n d u s t r i a l  Hazards and Comunica- 
t i ons ,  P i t t s b u r g h  Mining and S a f e t y  Research Center ,  Bureau of Mines, 
P i t t sbu rgh ,  Pa, 



FIGURE 1. - Illustration of a working coal mine. 

This paper describes several mine communications problems and needs 
together with the means developed by the Bureau of Mines for meeting 
these needs. 

BUREAU OF MINES COMMUNICATIONS ACT N IT IES 

The Bureau of Mines is actively conducting studies, research, experi- 
ments, and demonstrations to develop new or improved means and methods to 
solve communication problems between the surface and the underground, and 
within the workings of mines. These efforts have identified solutions to 
the problems, solutions that can be implemented by modifications to exist- 
ing communication systems. Our general approach to identifying solutions 
involves six types of effort. 

1. Apply Off-The Shelf Equipment. - We have concerned ourselves with 
a direct approach. We have procured communications equipment that 
will solve- immediate mine communications problems.  his- equip- 
ment has been installed in the Bruceton Safety Research Mine so 
that it may be demonstrated to the mining industry. 

2. Establish Future Requirements and Equipment. We have begun con- 
ducting studies into future requirements of underground comnica- 
tions and the availability of modern communication equipment that 
will satisfy these requirements. 



3. Measure Signals and Noise Prop~erties. - We have begun a series 
of experiments to measure in-mine electromagnetic noise, to mea- 
sure the electromagnetic properties of the coal and overburden, 
and to measure electromagnetic wave propagation in entries, 
crosscuts, the roof, and through the overburden. 

4. Demonstrate Major Systems in Operating Mines, - We have planned 
for at least three major demonstrations, in operating mines, of 
whole-mine communication systems designed to provide both 
operational and emergency communications, These will be coopera- 
tive efforts of the mining operators, the Bureau of Mines, and 
the miners. 

5. Establish Groundwork for Equipment Standards. - We have set out 
to study the technical requirements for mine communications 
equipment. The results of this study will lead to the develop- 
ment of industry standards that will assure the mining industry 
that communication equipment suppliers will provide equipment 
that will satisfy operational requirements, be tough enough to 
withstand the harsh day-to-day environment, and provide instant 
communications during an emergency. 

6, Develop Special Products. - We have begun a product-development 
program directed toward special products designed to satisfy 
particular requirements unique, to mine communications. These 
products will be extensively evaluated in operating mines prior 
to finalizing designs that can! be used by the suppliers to the 
mining industry. 

NEEDS AND ALTERNAT W E  SOLUTIONS 

The results of the ~ureau's work h~ave been many and varied. Here 
we describe briefly six mine communicat,ion needs and the methods that we 
have found promising for meeting them. 

Reduce Traffic Overload Need. - Mines have been expanding, and some 
now have 20 or more operating sections, all of which work with the same 
production team on the surface. This frequently leads to heavy communica- 
tions traffic demands and traffic overload (fig, 2), whereby important 
messages are delayed or even fail to get through. 



FIGURE 2. - Need: Reduce traff ic overload. 

Solu t ion:  Mine Telephone Grade Carr ie r .  - The e l e c t r i c a l  c h a r a c t e r i s -  
t i c s  of a  phone l i n e  a r e  such t h a t  communication equipment normally used 
on t h e  t r o l l e y  wi re  can a l s o  be used on t h e  phone l i n e .  T ro l l ey  w i r e  
communications do not  r e q u i r e  any s p e c i a l  a d d i t i o n a l  wires .  When t h e  
phone c i r c u i t  i s  busy and t h e  r a i l  d i spa t che r  i s  engaged i n  conversa t ion  
on t h e  t r o l l e y  wi re  system, t h e  need f o r  an  e x t r a  communication c i r c u i t  
(channel) becomes ve ry  r e a l .  By p lac ing  a  t r o l l e y  wi re  phone w i t h  a  
d i f f e r e n t  c a r r i e r  frequency onto t h e  te lephone l i n e ,  t h i s  e x t r a  c i r c u i t  
can be obta ined  and be used from a s e c t i o n  t o  reach t h e  s h i f t  foreman o r  
t h e  s h i f t  maintenance foreman on t h e  sur face ,  and v i c e  versa.  This e x t r a  
c i r c u i t  can be added t o  each s e c t i o n  t o  provide a  p r i v a t e  l i n e  f o r  use 
by t h e  s e c t i o n  foreman. A bat te ry-opera ted  permiss ib le  61-kHz t r o l l e y  
wi re  phone i s  p r e s e n t l y  i n  use  on a  te lephone l i n e  i n  t h e  Sa fe ty  Research 
Mine t o  provide a d d i t i o n a l  c i r c u i t s .  Spec ia l  telephone-grade c a r r i e r  i s  
now being inves t iga t ed ,  and it i s  a n t i c i p a t e d  t h a t  telephone-grade 
c a r r i e r  w i l l  be l e s s  expensive than  t h e  t r o l l e y  l i n e  c a r r i e r .  

When in te rconnected  wi th  an ul t ra-high-frequency (UGF) r a d i o  cent-  
r a l l y  l oca t ed  on t h e  sec t ion ,  t h i s  c a r r i e r  te lephone placed on t h e  
te lephone l i n e  can provide a  p r i v a t e  l i n e  between t h e  s h i f t  foreman on 
t h e  su r f ace  and a  roving s e c t i o n  foreman equipped w i t h  a  small two-way 
handy t a l k i e  r ad io  a s  depic ted  i n  f i g u r e  3 .  



Rel iable  C a l l  A le r t  f o r  Key Personnel Need. - Incoming pages and 
c a l l s  a r e  f r equen t lv  ignored a s  a r e s u l t  of pas t  experiences and f r u s t r a -  
t i o n s  wi th  mistakenly answered pages from t h e  loudspeaking phone ( f ig .  4 ) .  
The root  cause of t h i s  s i t u a t i o n  i s  t h a t  t h e  loudspeaking phone message 
goes t o  t h e  phones r a t h e r  than  t o  t h e  s p e c i f i c  indiv iduals .  

FIGURE 3. - Two-way wireless section radio system. 

F IGURE 4. - Need: Reliable ca l l  alert to key personnel. 



Solution: Call Alert Paging. - The ordinary methods of signalling an 
incoming call are not sufficient in the working section of a mine. The 
Bureau research team has developed an electromagnetic call alert trans- 
mitter that can operate from a cap lamp battery. Incoming section commu- 
nications over the telephone are interconnected to a stationary call alert 
transmitter as shown in fig. 5. 

FIGURE 5, - Ca l l  alert  paging system. 

The electromagnetic signal from the call alert transmitter energizes a 
one-turn loop of wire wrapped around a pillar. The alert signal can cover 
a typical mine section. The section foreman or maintenance man has a 
special electromagnetic pocket receiver that receives the call alert. 
The call alert pocket receiver is energized only when the section fore- 
man or maintenance man is wanted on the phone. To answer the call alert 
he walks to the phone. 

There is also an emergency feature available for this system. In 
emergencies the call alert signal can be keyed fromthe sections and will 
penetrate the mine overburden, thus reaching the surface. Similarly 
the call alert receiver will receive audio frequency emergency signals 
transmitted through the earth from a surface transmitter as much as 
1, 000 feet above the mine working area. 



Track le s s -Tro l l ey l e s s  Vehicle  Communications-Need. - Safe  and 
e f f i c i e n t  ope ra t ion  of t r a c k l e s s - t r o l l e y l e s s  v e h i c l e s  such a s  f a c e  
machines i s  a n  important o b j e c t i v e  of t h e  coal  indus t ry .  Cormnunica- 
t i o n s  between such machines can he lp  r e a l i z e  t h i s  o b j e c t i v e  ( f ig .  6 ) .  
I n  add i t i on ,  mine haulage ways have been g iv ing  way t o  beltways, and 
supp l i e s  formerly de l ive red  by t h e  r e t u r n  t r i p s  a r e  now taken  t o  t h e  
s e c t i o n s  by t r o l l e y l e s s  and sometimes t r a c k l e s s  supply vehic les .  T ro l l ey  
wire  comun ica t ion  systems a r e  not a p p l i c a b l e  t o  t h e s e  veh ic l e s .  

Solu t ion :  T r a i l i n g  Cable Face Communications - Mine f ace  machines 
a r e  t r o l l e y l e s s  and t r a c k l e s s ,  but  they  do have t r a i l i n n  cables .  The - 
s e c t i o n  te lephone can be extended t o  any f ace  machine v i a  t h e s e  t r a i l i n g  
cables .  Permiss ib le  equipment i s  requi red  a t  t h e  face ,  and t h e r e  i s  a  
t ype  of mine te lephone t h a t  is  permissable.  The Bureau has procured a  
t r a i l i n g  cable  w i th  a  sh i e lded  phone l i n e  s o  t h a t  t h e  pager te lephone can 
be extended t o  t h e  mine face ,  o r  s o  t h a t  p r i v a t e  pager te lephone  comnuni- 
ca t ions  can be e s t a b l i s h e d  between t h e  f a c e  machine ope ra to r s  on a  sec- 
t i o n  a s  shown i n  f i g u r e  7. 

FIGURE 7. - Trail ing cab1 e communications systems. 



S i n c e  t h e  dc s h u t t l e  c a r s  a r e  a.l.ready connected t o  t h e  t r o l l e y  w i r e ,  
a  p e r m i s s i b l e  b a t t e r y - o p e r a t e d  mine phone of t h e  t r o l l e y  w i r e  t y p e  can 
be i n s t a l l e d  on t h e  s h u t t l e  c a r ,  t h u s  p r o v i d i n g  c o m u n i c a t i o n s  w i t h  a l l  
o t h e r  t r o l l e y  phones. 

Communication t o  a  d i e s e l  r a i l  haulage locomotive  has  a l s o  been 
ach ieved  w i t h  a  b a t t e r y - o p e r a t e d  p e r m i s s i b l e  t r o l l e y  w i r e  phone, loop-  
coupled t o  an open-wire phone l i n e  i n s t a l l e d  i n  a  hau lage  way. A d i e s e l  
phone system looped back t o  t h e  s u r f a c e  th rough  a  boreho le  has  been i n -  
s t a l l e d  i n  t h e  S a f e t y  Research Mine. T h i s  sys tem i s  connected t o  a  two- 
f requency c o u p l e r  which coup les  t h e  message t o  t h e  over land  power l i n e  
back t o  t h e  foreman 's  o f f i c e .  

Roving Miner Communications Need. - P r e s e n t l y ,  communications equip-  
ment i s  mounted i n  working p l a c e s  o r  on v e h i c l e s .  The r o v i n g  miner can 
be reached on ly  a s  he  comes w i t h i n  t h e  zone of t h e  v e h i c l e  o r  t h e  working 
p l a c e  communications ( f i g .  8).  To g e t  a n  u r g e n t  message t o  a  r o v i n g  miner,  
i t  i s  f r e q u e n t l y  n e c e s s a r y  t o  d i s p a t c h  a n o t h e r  miner t o  s e r v e  a s  a  messenger. 

FIGURE 8, - Need: Communications wi th  key roving 
miners, 



So lu t ion  A: Paging t h e  Roving Miner,, - T r o l l e y  w i r e  communications 
networks make e x c e l l e n t  underground broadcas t ing  systems. The Bureau of 
Mines has  l o c a t e d  a  small  pocket pager  r e c e i v e r  and had it modified t o  
ope ra t e  on 88 and 100 kHz, t h e  two s t anda rd  t r o l l e y  w i r e  communication 
f requenc ies .  Th i s  system has a  s e l e c t i v i t y  t h a t  a l lows  each pager t o  
have i t s  own p r i v a t e  r e c e i v e  channel.  An audio tone  a l e r t  s i g n a l s  t h a t  
a  s h o r t  message w i l l  follow. The ope ra t i ng  range i s  i n  excess  of 600 
f e e t  from t h e  t r o l l e y  wire .  A s p e c i a l  arrangement of t h i s  system, shown 
i n  f i g u r e  9 ,  has been procured by t h e  Bureau. A t r a n s m i t t e r  and r e p e a t e r  
a r e  so  connected t h a t  a  message o r i g i n a t i n g  a t  any s u r f a c e  d i a l  phone i s  
t r a n s m i t t e d  i n t o  t h e  mine over  t h e  p i l o t  w i r e  i n  t h e  power mains, o r  over 
t h e  phone l i n e ,  t hen  connected by a  repeaiter onto two roof b o l t s .  The 
roving s e c t i o n  foreman can r ece ive  a  page message anywhere i n  t h e  s e c t i o n ,  
and he can r e t u r n  t o  t h e  s e c t i o n  phone t o  answer t h e  page. 

FIGURE 9. - Roof bolt paging system. 



Solu t ion  B: Two-Way Communications With t h e  Roving Miner. I n t r i n s i -  
c a l l y  s a f e ,  vehicle-mounted and personnel r ad io  equipment can provide 
rad io- type  communications throughout t h e  main working a r e a s  of t h e  Safe ty  
Research Mine. Ul t ra -h igh  f requencies  around 420 MHz can provide mobile 
r a d i o  coverage t o  roving miners equipped wi th  low-power handy t a l k i e  r ad ios  
i n  t h e  working s e c t i o n  without  t h e  a i d  of t ranmiss ion  l i n e  cables .  P r i -  
v a t e  communications a r e  e s t a b l i s h e d  on t h e  working s e c t i o n  between t h e  
s e c t i o n  foreman and t h e  maintenance man us ing  a  s p e c i a l  UHF s e c t i o n  chan- 
ne l ,  a s  prev ious ly  depic ted  i n  f i g u r e  3, The communications range can 
be f u r t h e r  extended by mounting another  handy t a l k i e  r a d i o  t o  t h e  roof 
a t  a  po in t  c e n t r a l l y  l oca t ed  i n  t h e  sec t ion ,  and us ing  it i n  a  r epea t e r  
mode. To c a l l  t h e  sur face ,  t h e  s e c t i o n  foreman can use a  second UHF 
channel of t h e  roof-mounted r a d i o  which in te rconnects  wi th  t h e  te lephone 
l i n e  a t  a  c a r r i e r  frequency dedica ted  t o  mine-to-surface communication. 

Over land w/ Rod* L l n k x p 1  Trunsmhr 

FIGURE 10, - Guided wireless radio system, 



The UHF s i g n a l s  can a l s o  be t ransmit : ted from a n  in-mine base o r  
r e p e a t e r  s t a t i o n  t o  an  antenna on t h e  sec:tion v i a  a  s p e c i a l  Radiax cab l e  
t r ansmis s ion  l i n e  a s  shown i n  f i g u r e  10, thereby  prov id ing  two-way 
communication between t h e  s u r f a c e  and a  roving miner c a r r y i n g  a  p o r t z b l e  
UHF rad io .  The base o r  r e p e a t e r  s t a t i o n s  can a l s o  prov ide  communications 
between t h e  s u r f a c e  and miners  i n  t h e  harilageway because of t h e  cont inuous 
r a d i a t i o n  from t h e  Radiax c a b l e  a long  t h e  haulageway. I n  add i t i on ,  roving 
miner- to-roving miner communications on t h e  s e c t i o n  and i n  t h e  haulageway 
can be provided by a  two-frequency r e p e a t e r  s t a t i o n  connected t o  t h e  Radiax 
cab le .  Such a  system can i nc lude  a  paging c a p a b i l i t y  t h a t  can be used t o  
reach  key personnel  c a r r y i n g  l e s s  expensive UHF pocket pagers  when rov ing  
w i t h i n  range of t h e  Radiax t r ansmis s ion  l i n e  o r  s e c t i o n  antenna. A loop  
back over  an  over land  r a d i o  l i n k  a l s o  can be provided by UHF t r a n s m i t t e r -  
r e c e i v e r  s t a t i o n s  on t h e  s u r f a c e  a s  show11 i n  f i g u r e  10. 

Adequate Emergency Communications N(+. - Communications a r e  v i t a l  
t o  r e scue  and recovery ope ra t i ons .  Some mine ope ra to r s  have s e l e c t e d  
pe rmi s s ib l e  phone systems t h a t  a r e  powered from b a t t e r i e s  t o  p rov ide  a  
two-way communications system i n  t h e  event  t h a t  t h e  main e l e c t r i c  power 
source  i s  shu t  o f f .  However, more i s  neleded t o  a s s u r e  an  o p e r a t i o n a l  
system. A phone system r e q u i r e s  an  intalct  phone l i n e .  Experience has 
demonstrated t h a t  phone l i n e s  a r e  o f t e n  broken dur ing  an emergency ( f i g .  
11) .  

FIGURE 11. - Need: Emergency communications. 



Solu t ion  A: Strengthening Mine Communications f o r  Disaster-Mode 
Operation, Most mine communication systems a r e  w i re  systems. The 
te lephones o p e r a t e  over  a tw i s t ed  p a i r  and t h e  locomotive c a r r i e r  phones 
a r e  connected t o  t h e  t r o l l e y  w i r e .  These wi re  systems a r e  unmonitored 
and open systems. A break i n  t h e  w i r e  i s  undetected and communication 
t o  t h e  phones inby t h e  break i s  l o s t .  A simple f i r s t  cu t  a t  so lv ing  t h i s  
problem involves a s e l e c t i v e  in te rconnect ing  of t h e  phone l i n e  t o  t h e  
t r o l l e y  l i n e  a s  shown i n  f i g u r e  12. 
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FIGURE 12. - Selective pathing coupler and radio loopback. 

These two systems do not  have frequency compa t ib i l i t y ,  s i n c e  t h e  phone 
l i n e  system ope ra t e s  i n  t h e  v o i c e  frequency band and t h e  t r o l l e y  wire  
system ope ra t e s  i n  t h e  low-frequency r a d i o  band. However, mine t e l e -  
phone- to- t ro l ley  w i r e  phone in te rconnect  equipment i s  ava i l ab l e .  The 
t r a f f i c  on each of t h e s e  systems i s  heavy, and t h e  r e s u l t a n t  in te rconnect  
system t r a f f i c  i s  t h e  sum of t h e  ind iv idua l  system t r a f f i c .  Thus, i n  
genera l ,  t h e  t r a f f i c  i s  t o o  g r e a t  f o r  good communications i n  a continuous 
in te rconnect  system. However, through a s e l e c t i v e  in te rconnect  placed 
deep i n s i d e  t h e  mine, t h e  two systems can be s e l e c t i v e l y  monitored from t h e  
sur face .  A c a l l  o r i g i n a t i n g  on t h e  mine te lephone can be heard on t h e  
su r f ace  over  a t r o l l e y  phone connected t o  t h e  t r o l l e y  w i r e .  I f  t h e  
phone l i n e  i s  down outby t h e  in te rconnect  po in t ,  phones inby t h e  phone 
l i n e  break can be reached over  t h e  combination of t h e  t r o l l e y  wi re  and 
phone l i n e .  

There a r e  many o t h e r  methods f o r  de r iv ing  a loop back t o  monitor 
communications and t o  reach  t h e  l i n e  break, One such a l t e r n a t i v e  method 



a t  t h e  Bureau ' s  e x p e r i m e n t a l  mine is a n  over land  r a d i o  l i n k .  Both hau lage  
way c a r r i e r  phone and mine t e l e p h o n e  s i g n a l s  a r e  r e t u r n e d  through a  s p e c i a l  
boreho le  c a b l e  t o  t h e  s u r f a c e .  Near t h e  boreho le  a  s u r f a c e  two-way r a d i o  
b a s e  s t a t i o n  e s t a b l i s h e s  a n  over land  r a d i o  l i n k  t o  a  second s t a t i o n  n e a r  
t h e  g e n e r a l  mine foreman's o f f i c e  s i m i l a r  t o  t h a t  d e p i c t e d  i n  f i g u r e  12. 
The a u d i o  from t h e  t r o l l e y  w i r e  phone and mine phone a r e  e l e c t r i c a l l y  
connected t o  t h e  r a d i o  system. The t r o l l e y  l i n e  and phone l i n e  a r e  
moni tored v i a  t h e  r a d i o ,  and i f  t h e  v o i c e  t r a n s m i t t e d  from t h e  s u r f a c e  
i s  no t  heard ,  t h e  r a d i o  l i n k  can be used a s  a  means o f  t a l k i n g  back i n t o  
t h e  mine t o  a p o i n t  inby t h e  l i n e  break,  

S o l u t i o n  B: S p e c i a l  Mine Emergency Cormnunications. The Bureau has  
a l s o  developed a n  i n t e r c o n n e c t  c o u p l e r  d e p i c t e d  i n  f i g u r e  13 t h a t  a u t o -  
m a t i c a l l y  i n t e r c o n n e c t s  t h e  in-mine loudspeak ing  phone t o  a  p r e s e l e c t e d  
d i a l a b l e  p u b l i c  phone upon r e c e i v i n g  a p r e a r r a n g e d  a u d i o  t o n e  from a  
pocket  t o n e  g e n e r a t o r .  

Pocket Tone 
Generator 

FIGURE 13. - Public-to-mine telephone interconnect system. 



The coupler  i n t e r connec t s  t h e  mine te lephone l i n e  d i r e c t l y  t o  t h e  pub l i c  
te lephone l i n e ,  providing access  t o  o u t s i d e  he lp  i n  t h e  event of an 
emergency, f o r  example on a  weekend. Dial ing a  p re se l ec t ed  number i s  
automatic  once t h e  coupler  has been a c t i v a t e d .  The c a l l  can a l s o  o r i g i n a t e  
a t  a  pub l i c  phone, by d i a l i n g  a  prearranged te lephone number a t  t h e  mine 
and us ing  t h e  same pocket tone  genera tor .  The c a l l e r  w i l l  t hen  be connected 
t o  t h e  mine te lephone  system and be a b l e  t o  page a  person underground. 
Th i s  automatic  system does not r e q u i r e  a  switchboard ope ra to r  o r  d i spa tcher .  

CONCLUDING REMARKS 

We have given an o v e r a l l  view of t h e  Bureau's communications a c t i v i t i e s  
and have presen ted  concepts t h a t  can be implemented by you i n  t h e  mines 
you ope ra t e  a t  t h i s  time. Fundamentally, we have t r e a t e d  ex tens ions  of 
t h e  e x i s t i n g  communication systems, and t h e  p o s s i b i l i t y  of over lay ing  o r  
adding w i r e l e s s  r a d i o  communications. Those p re sen t ing  t h e  seminar papers  
a r e  i n d i v i d u a l s  working a t  t h e  Bureau o r  i nd iv idua l s  under con t r ac t  t o  
t h e  Bureau. Many of t h e  s u p p l i e r s  of t h e  comun ica t ions  equipment used 
i n  our  demonstrations a r e  presen t .  We be l i eve  t h a t  most of t h e s e  s u p p l i e r s  
could have suppl ied  t h e  s p e c i a l  gear  t h a t  we have b u i l t  he re  i n  t h e  
Bureau. The ideas  t h a t  we p re sen t  a r e  f o r  use by t h e  indus t ry .  I f  any 
s u p p l i e r  o r  any p a r t i c u l a r  mine wishes t o  use  t h e s e  ideas ,  t h e  Bureau 
w i l l  be g l ad  t o  cooperate  w i th  them, S imi l a r ly ,  any of our  c o n t r a c t o r s  
who have b u i l t  t h i s  s p e c i a l  in te rconnec t ing  equipment w i l l  be g lad  t o  
cooperate  by supplying information t h a t  they have developed under con t r ac t  
t o  t h e  Bureau. 



ROVING MINER PAGING 

by 
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Richard H, Spencer and Howard E. Parkinson 

ABST RACT 

Mine paging te lephones  i n c r e a s e  t h e  e f f e c t i v e n e s s  of t h e  mine per -  
sonnel .  The page message reaches  t h e  personnel  w i t h i n  hea r i ng  d i s t a n c e  
of t h e  phone, Personnel  paging extends t h e  page t o  t h e  i n d i v i d u a l  rov ing  
miner wherever he  may be. 

One system i n s t a l l e d  a t  t h e  Bureau of  Mines S a f e t y  Research Mine 
i s  a  "d i a l - i n "  system. An in-mine page can o r i g i n a t e  from any mine 
p u b l i c  phone. The system, exc lu s ive  of  t h e  Bel l  System equipment, 
i nc ludes  an  encoder,  a  88-kHz t r a n s m i t t e r ,  a  p i l o t  w i r e  s i g n a l  couple r ,  
a  88-kHz r e p e a t e r ,  a  roof  b o l t  s i g n a l  couple r ,  and pocket r e c e i v e r s ,  

There  a r e  two c o n f i g u r a t i o n s  of t h e  system, One c o n f i g u r a t i o n  i s  
a  whole mine con f igu ra t i on ,  and t h e  o t h e r  i s  a  working s e c t i o n  con f igu ra t i on .  
There a r e  two forms of t h e  working s e c t i o n  con f igu ra t i on ,  One form p u t s  
t h e  s e l e c t i v e  page on to  t h e  mine phone l i n e  and conver t s  t h e  message t o  
88-kHz a t  t h e  s e c t i o n ,  the reby  ex tend ing  t h e  page a r e a  t o  t h e  f ace .  

The second form i s  a  c a l l  a l e r t  system. This  system keys a  c a l l  
a l e r t  t r a n s m i t t e r  on t h e  s e c t i o n ,  The system has  a  c a p a c i t y  t o  handle  
24 s e c t i o n s .  It i s  a  c o s t - e f f e c t i v e  system w i t h  an added f e a t u r e  of pro-  
v i d i n g  an  emergency beacon l o c a t o r  a t  t h e  t ime  of a  mine emergency. 

INT RODUCT I O N  

Current  Paging Systems 

Mine te lephones  a r e  t h e  backbone of most p r e sen t  mine communications 
systems, There a r e  two main te lephone  ins t ruments :  t h e  magneto t e l e -  
phone and t h e  mine pager  t e lephone .  A l a r g e  mine may have 4 0  o r  more 
of  t h e s e  phones. S e l e c t i v e  c a l l i n g  i s  at:tempted on both t ypes  of phones, 
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The magneto phone i s  used t o  make a  s e l e c t i v e  c a l l  by a  coded r i n g  t h a t  
i s  audib le  near  each phone loca t ion .  The mine pager phone i s  used t o  make 
a  s e l e c t i v e  c a l l  by paging a  p a r t i c u l a r  i nd iv idua l  by name over  loud- 
speakers  a t  t h e  phone loca t idns .  The s e l e c t i v e  c a l l  f e a t u r e  of t h e  mine 
pager phone i s  an  improvement over t h a t  of t h e  magneto phone, and a s  a  
r e s u l t  t h e  mine pager phone has gained wide acceptance. These phones can 
be made permiss ib le  and because of t h e i r  b a t t e r y  opera t ion  a r e  ready f o r  
use during an  emergency. 

Addit ional  Paging Needs 

The e f f ec t iveness  of communication wi th  roving miners underground would 
be s i g n i f i c a n t l y  improved by meeting t h e  fol lowing a d d i t i o n a l  paging needs: 

1. S e l e c t i v e  page t o  t h e  des i r ed  ind iv idua l  

2. Extensive of paging coverage t o  i nd iv idua l s  i n  a l l  working p laces  

Current ly,  t h e r e  i s  confusion on t h e  mine phone paging system. Indiv idua ls  
hear  pages t h a t  a r e  not meant f o r  them, s i n c e  it i s  a  p a r t y  l i n e  system. 
Indiv idua ls  a r e  f r equen t ly  not w i th in  t h e  acous t i c  range of a  page phone 
loudspeaker,  o r  may be i n  an a rea  of high acous t i c  no ise  near  machinery. 
Thus, many pages a r e  not  heard, and even i f  a  page i s  heard, it i s  f r e -  
quent ly  hard t o  t e l l  who i s  being paged. A s  a  r e s u l t ,  many ind iv idua l s  
customari ly  ignore  pages un le s s  a  p a r t i c u l a r  c a l l  i s  expected. This  makes 
it d i f f i c u l t  t o  ge t  a  r ep ly  t o  an  incoming c a l l ,  r e s u l t i n g  i n  people o f t e n  
having t o  be dispatched i n t o  t h e  mine t o  l o c a t e  s p e c i f i c  ind iv idua ls .  The 
roo t  cause of t h i s  s i t u a t i o n  i s  t h a t  t h e  mine pager phone message goes t o  
t h e  pager phones r a t h e r  than  t o  t h e  s p e c i f i c  i nd iv idua l s  being paged. 

PERSONAL PAGING VIA ROOF BOLTS 

Personnel paging extends t h e  page message t o  t h e  ind iv idua l .  A 
small pocket pager i s  c a r r i e d  by t h e  ind iv idua l .  This  pager rece ives  a  
message only when t h e  p a r t i c u l a r  i nd iv idua l  i s  being paged. The s e l e c t i v e  
c a l l  f e a t u r e  of t h e  page removes t h e  confusion t h a t  i s  common i n  t h e  mine 
page te lephone system. Many personal  paging systems a r e  i n  use i n  a  
v a r i e t y  of communication app l i ca t ions .  These systems a r e  very  e f f e c t i v e  
i n  h o s p i t a l s ,  i n d u s t r i a l  p l a n t s ,  and o t h e r  l a r g e  bui ldings.  In  t h e i r  
o r i g i n a l  form they  a r e  not s a t i s f a c t o r y  f o r  mine use;  however, r e l a t i v e l y  
s t r a igh t fo rward  adap ta t ions  based on extensions of e x i s t i n g  mine communica- 
t i o n  systems have proved t o  be f r u i t f u l .  These adapta t ions  a r e  based on 
e x i s t i n g  t r o l l e y  wi re  and mine te lephone systems, a s  descr ibed below. 

Demonstration of paging c a p a b i l i t i e s  was made by us ing  c a r r i e r  f r e -  
quency equipment opera t ing  a t  t h e  88-kHz t r o l l e y  wi re  phone frequency. 
S igna ls  from t h e  88-kHz t r a n s m i t t e r  were connected t o  t h e  l eads  of t h e  main 



power system of t h e  mine. The paging func t ion  was incorpora ted  by us ing  a  
commercial encoder manufactured by Reach E lec t ron ic s ,  Inc., t o  provide an 
input  t o  t h e  88-kHz t r a n s m i t t e r .  This  encoder provided 200 s e l e c t i v e  
c a l l  nunioers. Pocket pagers were given t o  s eve ra l  i nd iv idua l s  t o  ca r ry  
wi th  them a s  they  were roving underground. It was poss ib l e  t o  reach 
them i n  most of t h e  working places.  

There were p laces ,  however, where t h e  page s i g n a l  was t o o  weak, 
thereby r equ i r ing  t h e  a d d i t i o n  of equipment, namely an  88-kHz repea ter .  
This  r e p e a t e r  i s  f ed  by t h e  88-kHz s i g n a l s  on t h e  power mains, and t h e  
output  of t h e  r e p e a t e r  i s  connected t o  roof bo l t s .  This  a d d i t i o n  provided 
page c a p a b i l i t y  up t o  t h e  very  f a c e  of t h e  working sec t ions .  

The pocket pagers  a r e  s e l e c t i v e  and a r e  operated only when t h e  page 
messages a r e  being t ransmi t ted .  The normal t r o l l e y  wi re  comun ica t ions  
a r e  n o t h e a r d b y  an  ind iv idua l  not being paged unless  a  but ton on t h e  
pager  u n i t  i s  depressed. We have continued t o  ope ra t e  t h e  equipment a t  
88-kHz; however, we recognize t h a t  i t  could be used a t  some o t h e r  f r e -  
quency t h a t  would preclude i n t e r f e r e n c e  wi th  normal 88-kHz transmissions.  

P r i n c i p l e s  of Operation 

F igure  1 i l l u s t r a t e s  t h e  cu r r en t  flow t h a t  r e s u l t s  when two roof 
b o l t s  a r e  dr iven  by a  source of power. It i s  noted on t h i s  f i g u r e  t h a t  
t h e  c u r r e n t  flow extends f a r  i n t o  t h e  m a t e r i a l  surrounding t h e  roof bo l t s .  

FIGURE 1. - Current flow produced by driving 
roof bolts. 



Indeed, a t  very  g r e a t  d i s t a n c e s  t h e r e  i s  s t i l l  cu r r en t  flow; t h e  problem 
i s  t h a t  t h e  c u r r e n t s  a r e  q u i t e  small  compared t o  t h e  background no i se  
cu r r en t s .  One can e a s i l y  s e e  t h a t  i f  a  p a i r  of probes i s  a t t ached  t o  
t h e  m a t e r i a l  surrounding t h e  roof b o l t s ,  even a t  g r e a t  d i s t ances ,  vo l t ages  
produced by t h e  c u r r e n t  flow w i l l  be ob ta ined  from t h e s e  probes. It i s  
a l s o  ev ident  t h a t  i f  t h e  cu r r en t  flow i s  a l t e r n a t i n g ,  t h e r e  w i l l  be asso-  
c i a t e d  magnetic f i e l d s  which occur  i n  t h e  m a t e r i a l  and i n  t h e  surrounding 
reg ions .  These f i e l d s  extend i n t o  t h e  open a r e a s  of t h e  mine and hence 
may be picked up by loop antennas throughout t h e  mine region.  It i s  
important t o  know how f a r  from t h e  roof b o l t s  one may o b t a i n  usab le  s i g n a l s  
i n  t h i s  f a sh ion .  

Expected Coverage 

An experiment was conducted i n  t h e  Bruceton experimental mine a s  
i l l u s t r a t e d  i n  f i g u r e  2. An 88-kHz r e p e a t e r  of nominal 20-watt c a p a b i l i t y  
was a t t ached  t o  two roof b o l t s  separa ted  by a  d i s t a n c e  of approximately 
120 f e e t ,  The r e p e a t e r  was d r iven  from a sine-wave source,  and a  c a l i b r a t -  
ed loop t o g e t h e r  w i t h  a  c a l i b r a t e d  r e c e i v e r  was used t o  measure t h e  v e r t i -  
c a l  magnetic f i e l d  s t r e n g t h  throughout a l l  regions of t h e  Bruceton mine. 
The manner i n  which roof b o l t  a t tachments  were made i s  i l l u s t r a t e d  i n  
f i g u r e  3 .  A simple,  d i r e c t  e l e c t r i c a l  connect ion t o  roof b o l t s  i s  i l l u s -  
t r a t e d  here.  The r e p e a t e r  i s  shown i n  f i g u r e  4,  F igure  5 shows t h e  
coverage t o  be expected wi th  a Reach pocket pager r e c e i v e r  us ing  t h e  
roof b o l t  system i n  t h e  Bruceton mine. Three contours  a r e  shown on t h i s  
p l o t .  The f i r s t  contour  i s  f o r  a  rece ived  s i g n a l - t o - n o i s e  r a t i o  of 15 db. 

Roof Bolts 

FIGURE 2. - Block diagram of roof bolt experiment, 
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FIGURE 3. - Roof bolt attachment. 
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FIGURE 4. - 88-kHz repeater. 





This  contour was determined by comparing t h e  measured va lues  of v e r t i c a l  
magnetic f i e l d  no i se  p re sen t  during t h e  experiment. A 2,000-Hz bandwidth 
was assumed f o r  t h e s e  determinat ions.  It i s  seen t h a t  t h i s  boundary 
enc loses  e s s e n t i a l l y  a l l  of t h e  Bruceton mine except f o r  a reg ion  a t  t he  f a r  
l e f t  ex t remi ty .  Using the  measured f i e l d  s t r e n g t h  da ta  and noise  obtained 
by t h e  National  Bureau of Standards (NBS) i n  t h e i r  mine electromagnet ic  
n o i s e  measurement program, two o t h e r  contours  a r e  ove r l a id  on t h i s  p l o t .  
The f i r s t  one i s  t h e  expected l i m i t  of coverage were t h e  no i se  l i k e  t h a t  
i n  t h e  f a c e  a rea  of a working mine near a Lee-Norse miner. It i s  noted 
t h a t  t h i s  coverage i s  l e s s  than  t h a t  f o r  t h e  Bruceton noise.  The t h i r d  
contour  r ep re sen t s  t h e  expected coverage were t h e  noise  l i k e  t h a t  found 
i n  t h e  same working mine near  a c a r  p u l l  whi le  t h e  c a r  p u l l  was operat ing.  
This  machine produced t h e  h ighes t  e lectromagnet ic  no i se  l e v e l s  found by 
NBS i n  t h e i r  mine measurements, and a s  such probably represent  an upper 
l i m i t  of expected no i se  i n  mines a t  t h e  f requencies  of i n t e r e s t  f o r  mine 
communications. From t h e s e  p l o t s ,  it can be seen  t h a t  coverage of a 
t y p i c a l  working s e c t i o n  can be expected from roof b o l t  attachments made 
near  t h e  cen te r  of t h a t  sec t ion .  

System Descr ip t ion  

The o v e r a l l  block diagram of t h e  system a s  i n s t a l l e d  i n  Bruceton is  
shown i n  f i g u r e  6, The paging system demonstrated i n  Bruceton can o r i g i n a t e  
pages from any d i a l  phone wi th in  t h e  PBX system a t  Bruceton. The c a l l e r  
d i a l s  1, followed by a t h r e e - d i g i t  code. 
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I Main Shaft 

I 
I 
I 
I 
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I 
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FIGURE 6. - Whole mine paging system. 
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This  connects h i s  phone through t h e  PBX t o  a Reach encoder which t r a n s l a t e s  
h i s  d i a l e d  code t o  t h e  corresponding Reach r e c e i v e r ' s  code. The s i g n a l  
genera ted  by t h e  encoder i s  t r a n s f e r r e d  through a p rava t e  l i n e  t o  a 20- 
wa t t ,  88-kHz t r a n s m i t t e r  l o c a t e d  i n  t h e  power s u b s t a t i o n ,  The 88-kHz t r a n s -  
m i t t e r  ou tput  v o l t a g e  i s  connected between t h e  p i l o t  check w i r e  and ground 
of t h e  power cab l e  t h a t  runs  down i n t o  t h e  mine, I n  t h e  mine t h e  88-kHz 
s i g n a l  i s  t aken  from t h e  p i l o t  check wi re  and fed  through a 20-watt ,  88- 
kHz r epea t e r .  The output  of t h i s  r e p e a t e r  i s  connected t o  a p a i r  of roof 
b o l t s ,  and t h e  pocket pagers  worn by key personnel  i n  t h e  mine respond t o  
t h e i r  unique pocket-page code. The person c a l l i n g  t h e  page has  an oppor- 
t u n i t y  f o r  10 seconds of message which can be rece ived  by t h e  person 
ca r ry ing  t h e  pocket pager. I n  genera l ,  it i s  intended t h a t  t h e  person 
being paged go t o  t h e  n e a r e s t  phone i n  t h e  mine and respond t o  t h e  reques t  
f o r  communication. F igure  6 i l l u s t r a t e s  two 88-kHz t r a n s m i t t e r s  used t o  
cover  two working sec t ions .  This  number can be expanded t o  cover  each of 
t h e  working s e c t i o n s  i n  a mine. The p r i n c i p l e  of ope ra t i on  i s  t h e  same. 

F igure  7 i l l u s t r a t e s  t h e  i n s t a l l a t i o n  of t h e  Reach encoder,  and 
f i g u r e s  8 shows t h e  88-kHz t r a n s m i t t e r  i n  t h e  mine o f f i c e ,  The p i l o t  
w i r e  t e rmina t ion  i s  shown i n  f i t u r e  9 ,  and t h e  underground 88-kHz r e -  
p e a t e r  i s  shown i n  f i g u r e  4. F igure  10 i l l u s t r a t e s  t h e  way i n  which t h e  
pocket pager  can be worn. 

FIGURE 7. - Reach encoder installation. 







FIGURE 10. - Miner wearing pocket pager. 
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FIGURE 1 I .  - Puging on t ra i l ing cable. 

There  i s  a second means of employing pag ing  a t  c a r r i e r  f r e q u e n c i e s  
i n s i d e  t h e  mine. The paging t r a n s m i t t e r  can be connected t o  t h e  mine 
t e l e p h o n e  w i r e s ,  connec t ing  t h e  s i g n a l  between b o t h  w i r e s  and ground, 
The phone w i r e s  and ground t h e n  become t h e  t r a n s m i s s i o n  l i n e  f o r  t h e  
c a r r i e r  f requency  mine p a g i ~ g  system. Once a g a i n ,  r e p e a t e r s  f e e d i n g  
roof  b o l t s  can be added i n  t h e  mine working s e c t i o n  a r e a  t o  ex tend  t h e  
coverage away from t h e  t r a n s m i s s i o n  l i n e .  

The 88-kHz system d e s c r i b e d  above f o r  whole-mine paging has  many 
s i m i l a r i t i e s  w i t h  t h e  t r o l l e y  w i r e  c a r r i e r  communication systems used 
t o  d i s p a t c h  dc  hau lage  v e h i c l e s .  As such,  pag ing  s i g n a l s  p l a c e d  on t h e  
t r o l l e y  w i r e  can a l s o  be extended i n t o  t'he s e c t i o n  v i a  t h e  c a b l e s  o f  dc  
f a c e  machines connected t o  t h e  t r o l l e y  w i r e  power system. Hence, i n  t h e  
v i c i n i t y  o f  a t r o l l e y  w i r e  o r  t r a i l i n g  c a b l e s ,  a miner  w i t h  a pocket pager  
w i l l  be  a b l e  t o  p i c k  up t h e  page s i g n a l s  v i a  t h e  magnet ic  f i e l d s  i n  t h e  
v i c i n i t y  o f  t h e s e  c a b l e s .  Such a n  a p p l i c a t i o n  i s  i l l u s t r a t e d  i n  f i g u r e  11. 



FIGURE 12, - Cal l  alert antenna illustrating magnetic field. 

CALL ALERT PAGING 

A s p e c i a l  form of paging i s  commonly c a l l e d  "ca l l  a l e r t . "  It 
d i f f e r s  from t h e  pocket paging system i n  t h a t  it produces a  s e l e c t i v e  
c a l l  a l e r t  s i g n a l  t h a t  n o t i f i e s  an ind iv idua l  when t h e  mine paging 
te lephone i s  being used t o  page him. This  system i s  not  capable of a s  
wide an a r e a  of coverage a s  t h e  above roof b o l t  paging system; however, 
it i s  very  e f f e c t i v e  i n  t h e  working sec t ion .  Once aga in  a d d i t i o n a l  
equipment was added t o  t h e  e x i s t i n g  mine communications system. This  
t ime t h e  equipment was added t o  t h e  mine te lephone l i n e .  A simple 
t r a n s m i t t e r  was added i n  t h e  mine foreman's o f f i c e ,  and a  r ece ive r  and 
c a l l  a l e r t  t r a n s m i t t e r  were added i n  t h e  mine sec t ion .  The loop antenna 
of t h e  c a l l  a l e r t  t r a n s m i t t e r  was wrapped around a  p i l l a r .  

I n  o rde r  t o  r ece ive  a  c a l l  a l e r t ,  t h e  i nd iv idua l  c a r r i e s  a  pocket 
a l e r t  rece iver .  The r e c e i v e r  has a  b l ink ing  l i g h t  t o  i n d i c a t e  a  c a l l .  
A nonaudible t one  i s  s e n t  over  t h e  te lephone wi re s  from t h e  s u r f a c e  
and i s  rece ived  by a s e l e c t i v e  f i l t e r ,  which i n  t u r n  energ izes  t h e  
c a l l  a l e r t  t r a n s m i t t e r  on t h e  s e c t i o n  being paged. Ins tead  of coming 
over  t h e  mine pager  te lephone system, t h e  paging i s  personal ized  t o  
t hose  s e c t i o n  ind iv idua l s  ca r ry ing  t h e  c a l l  a l e r t  r ece ive r s .  When 
t h e  pocket r e c e i v e r  i n d i c a t e s  a c a l l  a l e r t ,  t h e  i nd iv idua l  walks t o  t h e  



mine pager  phone on t h e  s e c t i o n  and r e p l i e s  t o  t h e  page c a l l .  This  
system was developed from work performed i n  t h e  Bureau of Mines program 
on e lec t romagnet ic  d e t e c t i o n  of  t rapped  miners. 

There i s  an  a d d i t i o n a l  b e n e f i t  t o  t h i s  system. The s i g n a l  being 
t r a n s m i t t e d  on t h e  s e c t i o n  i s  a low-frequency s i g n a l  t h a t  a l s o  p e n e t r a t e s  
t h e  overburden. It has  been p o s s i b l e  t o  r ece ive  such s i g n a l s  on t h e  su r -  
f a c e  some 1,000 f e e t  above t h e  mine s e c t i o n ,  Miners on t h e  s e c t i o n  can 
use  t h i s  t r a n s m i t t e r  f o r  emergency s i g n a l i n g  t o  t h e  sur face .  Conversely, 
t h e  miners can a l s o  use  t h e  c a l l  a l e r t  r e c e i v e r  t o  r ece ive  s i m i l a r  opera- 
t i o n a l  o r  emergency t ransmiss ions  from a s u r f a c e  t r a n s m i t t e r .  

F igure  12 i l l u s t r a t e s  a c a l l  a l e r t  t r a n s m i t t e r  antenna and i t s  
a s s o c i a t e d  magnetic f i e l d .  The c u r r e n t  f lowing i n  t h e  loop produces a 
magnetic f i e l d  which l i n k s  t h i s  loop wi th  a small  pickup loop i n  a 
c a l l  a l e r t  r e c e i v e r  c a r r i e d  by a person,  Th.e ope ra t i ona l  range of t h i s  
system i s  e s s e n t i a l l y  t h e  d i s t a n c e  a t  which t h e  rece ived  s i g n a l s  have 
become small  enough f o r  t h e  background noise  t o  i n t e r f e r e  w i th  t h e i r  
recept ion .  

Expected Coverage 

Once aga in ,  an  experiment was done i n  t ,he Bruceton experimental  mine 
t o  determine t h e  e f f i c a c y  of  t h i s  system i n  provid ing  paging coverage 
throughout a working s e c t i o n .  A loop antenna was placed around a 
coa l  p i l l a r  and d r iven  w i t h  a t r a n s m i t t e r  ope ra t i ng  a t  a frequency of 
3,030 Hz, and a c a l i b r a t e d  r e c e i v e r  tuned t o  t h i s  f requency was c a r r i e d  
through t h e  mine t o  determine t h e  s i g n a l  s t r e n g t h  rece ived  a t  v a r i o u s  
p a r t s  of t h e  mine, The r e s u l t s  of t h e s e  measurements a r e  shown i n  
f i g u r e  13, which i l l u s t r a t e s  t h e  ex t en t  of t:he c a l l  a l e r t  coverage. 

Call Alert Coverage al Bruceton 
15 db SIN Criterion 

Ij It For Bruceton N o w  - lLow Notre) - 136 db re I A I M I f i  

AFor Medlum Nose - (Lincoln & Allen M~nel  
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DFor Hlgh Nolse - (Robena Near Car Pull) 
- 106 db re /A/MIfi 

FIGURE 13. - C a l l  a lert  coverage. 



These coverages a r e  f o r  a 5-Hz bandwidth rece iver .  Three contours  a r e  
shown. The f i r s t  is  f o r  t h e  background no i se  l e v e l  found a t  t h e  Bruceton 
mine, which we c a l l  low noise.  It i s  seen t h a t  t h e  coverage provided a t  a 
15-db s igna l - to-noise  r a t i o  extends through most of t h e  mine a rea ,  exclud- 
i ng  t h e  f a r  extreme l e f t  corner.  Measured no i se  from ope ra t ing  mines has 
been used t o  determine t h e  contours  of coverage t h a t  would r e s u l t  were 
such no i se  l e v e l s  present  i n  t h e  Bruceton mine. In  t h e  medium-noise case, 
a small  r eg ion  of t h e  above coverage i s  e l imina ted ,  whi le  i n  t h e  high- 
n o i s e  case,  a f u r t h e r  shr inkage  of coverage i s  observed. The high-noise 
case  r ep re sen t s  no i se  l e v e l s  measured by NBS a t  an  ope ra t ing  mine near  
a c a r  p u l l ,  and has been i d e n t i f i e d  a s  t h e  maximum no i se  condit ion.  
F igure  14 shows a photograph of t h e  c a l l  a l e r t  t r a n s m i t t e r ,  and f i g u r e  
15 shows a photograph of t h e  c a l l  a l e r t  rece iver .  Much l i k e  t h e  roof b o l t  
system, coverage over  a t y p i c a l  working s e c t i o n  can be expected w i t h  
app ropr i a t e  p o s i t i o n i n g  of t h e  t r a n s m i t t i n g  loop. 

FIGURE 14. - Cal l  alert transmitter. 



FIGURE 15. - Call alert receiver worn by miner. 
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FIGURE 16. - Ca l l  alert paging system. 

System Descr ip t ion  

The block diagram of f i g u r e  16 i l l u s t r a t e s  t h e  e n t i r e  system configura-  
t i on .  A keying t r a n s m i t t e r  i s  l oca t ed  i n  t h e  mine o f f i c e .  To i n i t i a t e  a  
page, an ind iv idua l  pushes t h e  "press t o  page" but ton on t h i s  t r a n s m i t t e r .  
This  a c t i o n  causes a  19-kHz c a r r i e r  (o the r  s e l e c t e d  inaud ib l e  tones  can 
a l s o  be used) t o  be impressed on t h e  mine phone l i n e .  This  t one  e n t e r s  
t h e  mine on t h e  phone l i n e .  The keying r ece ive r ,  a t t ached  t o  t h e  phone 
l i n e  loca t ed  a t  a  keypoint i n  a  s ec t ion ,  responds t o  t h i s  tone. These 
two u n i t s  a r e  i l l u s t r a t e d  i n  f i g u r e  17. As long a s  t h e  tone  i s  p re sen t ,  



t h e  keying r e c e i v e r  connects  o p e r a t i n g  power t o  t h e  c a l l  a l e r t  t r a n s m i t t e r  
connected t o  t h e  p i l l a r -mounted  loop. I n  t h e  p r e sen t  system t h i s  c a l l  
a l e r t  t r a n s m i t t e r  d r i v e s  a  3,030-Hz s i g n a l  c u r r e n t  i n t o  t h e  loop antenna 
of t h e  system, thereby  producing a  3,030.-Hz s i g n a l  t h a t  p e n e t r a t e s  t o  a l l  
r eg ions  of t h e  s e c t i o n .  A pocke t - s ized  c a l l  a l e r t  r e c e i v e r  i nco rpo ra t i ng  
a  smal l  pickup loop  i s  c a r r i e d  by a  person rov ing  through t h e  s ec t i on .  
This  r e c e i v e r  responds t o  t h e  presence  of t h e  3,030-Hz s i g n a l  by f l a s h i n g  
a  l i g h t  on t h e  r e c e i v e r  o r  by gene ra t i ng  an audio  a l e r t  s i g n a l .  The 
person paged i s  t h u s  n o t i f i e d  t o  c a l l  thle mine o f f i c e .  

A word of cau t i on :  C a l l  a l e r t  systems u se  c a r r i e r  s i g n a l s  over  t h e  
te lephone  w i r e s ,  A p r e l im ina ry  examination of s e v e r a l  of t h e  mine pager  
t e lephones  i n d i c a t e s  t h a t  t h e s e  phones a r e  no t  f u l l y  compatible w i t h  t h e  
normal range of t e lephone  grade c a r r i e r s .  We a r e  now i n v e s t i g a t i n g  t h i s  
problem and a n t i c i p a t e  t h a t  a  s imple  add-on dev ice  (appl ique)  can be made 
f o r  i n s t a l l a t i o n  on e x i s t i n g  mine pager  phones t o  make them compatible 
w i t h  c a r r i e r  a p p l i c a t i o n s .  A t  t h i s  time, it  i s  p o s s i b l e  t h a t  some c a r r i e r  
f requency systems w i l l  r e q u i r e  exces s ive  amounts of power i f  u t i l i z e d  
on p re sen t  mine te lephone  i n s t a l l a t i o n s .  

CONCLUDING REMARKS 

The emphasis of our  paging e f f o r t s  has  been p laced  on t h e  ex t ens ion  
of e x i s t i n g  mine communications t o  improve t h e i r  u t i l i t y  under ope ra t i ona l  
and emergency cond i t i ons .  P r imar i l y  we have been concerned w i t h  extend- 
i n g  t h e  page message from t h e  equipment t h a t  r e c e i v e s  t h e  page t o  t h e  
person who i s  being paged. Paging can a l s o  be added t o  w i r e l e s s  r a d i o  
communication system; however, ve ry  few mines c u r r e n t l y  use  w i r e l e s s  
r ad io ,  The o b j e c t i v e  i n  paging i s  t o  a l e r t  a  person t h a t  he  i s  wanted 
on t h e  te lephone.  The person r ep ly ing  t o  t h e  page w i l l  g e n e r a l l y  not  
r e p l y  over  t h e  same channel by which he  was paged. The paging system 
and t h e  c a l l  a l e r t  system d iscussed  he re  meet d i f f e r e n t  needs. The genera l  
f e a t u r e s  of t h e s e  two systems a r e  summarized i n  t a b l e  1. 

TABLE 1. - Roving miner paging 
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Yes 

To i n d i v i d u a l  

Not p r a c t i c a l  

Current  

By s e c t i o n  

No 

To s e c t i o n  

Yes 

60 days 



TWO-WAY COMMlTNICATIONS WITH FACE MACHINE OPERATORS 

by 

Robert A. ~ radburn '  and Howard E. Parkinson 2 

ABST RACT 

Mine communications have been extended t o  the  face  machinery i n  t h e  
U.S. Bureau of Mines Safety Research Mine. Simplex two-way conxmunications 
have been es tab l i shed  using commercial products approved f o r  use i n  coal 
mines. Two approaches have been taken. 

A mine pager phone has been mounted on a roof bol ter .  This phone i s  
connected t o  an  ex t ra  p a i r  o r  wires i n  t h e  power t r a i l i n g  cable  by means 
of a spec ia l  cable  r e e l ,  thereby es tab l i sh ing  communications wi th  phones 
a t  t h e  power cen te r  o r  on another face  machine. The pager i s  a permissible 
uni t .  These phones can a l s o  be s e l e c t i v e l y  interconnected with t h e  sur-  
face. 

Car r i e r  current  over t h e  p i l o t  check wire e s t ab l i shes  communications 
between two face  machines o r  between a f ace  machine and t h e  surface.  
At tent ion  has been d i rec ted  toward permissible equipment, 

The equipment i s  ba t t e ry  powered, so t h a t  t h e  phone i s  opera t ional  
when t h e  machine i s  down f o r  maintenance. 

Franklin I n s t i t u t e  i s  determining whether s u f f i c i e n t  r ad io  frequency 
energy a t  881100 kHz can be t r ans fe r red  t o  acc iden ta l ly  f i r e  an e l e c t r i c  
detonating cap. 
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INTRODUCTION 

E x i s t i n g  mine communication systems s t o p  a t  t h e  l a s t  open c ro s scu t  
of t h e  s ec t i on .  P re sen t  mine communication systems a r e  aimed a t  s a t i s f y -  
i n g  t h e  need t h a t  t h e  mine s e c t i o n  foreman be a b l e  t o  communicate w i t h  
t h e  mine s h i f t  foreman. However, i n  some mines t h e r e  a r e  a d d i t i o n a l  
communication needs w i t h i n  t h e  mine s e c t i o n ,  needs which a r e  not  adequa te ly  
met a s  fo l lows:  
Between t h e  cont inuous miner o p e r a t o r  and t h e  s h u t t l e  buggy 
o p e r a t o r s  . 
Between t h e  s h u t t l e  buggy o p e r a t o r s  and t'he "gather ing" 
locomotive ope ra to r .  

Between t h e  gene ra l  maintenance foreman and t h e  s e c t i o n  
maintenance man r e p a i r i n g  a  machine. 

FIGURE 1. - Tro i ling cable cornrnunicotions system. 



FIGURE 2. - Loudspeaking phone on roof bolter. 



By s a t i s f y i n g  t h e s e  needs,  bo th  t h e  s a f e t y  and e f f i c i e n c y  of mining opera-  
t i o n s  can be improved. The e x i s t i n g  power t r a i l i n g  c a b l e s  t o  t h e  f a c e  
machines p rov ide  t h e  means t o  a ch i eve  t h e s e  communications c a p a b i l i t i e s  
i n  a  r e l i a b l e  and economic manner. F igu re  1 prov ides  a n  overview of  t h e  
communications systems t o  be d i s cus sed  below. 

The o p e r a t i o n a l  and s a f e t y  advantages  of t h e  aforement ioned communi- 
c a t i o n  c a p a b i l i t i e s  a r e  s e v e r a l  and d ive r s e .  The s h u t t l e  buggy o p e r a t o r  
w i l l  be a b l e  t o  a l e r t  t h e  cont inuous mining machine o p e r a t o r  of  a n  impe- 
nding roof  f a l l .  The s h u t t l e  buggy o p e r a t o r s  w i l l  be b e t t e r  a b l e  t o  
coo rd ina t e  t h e i r  a c t i v i t i e s  a s  t hey  go i n  t o  dump on t h e  b e l t  o r  i n t o  t h e  
c a r s .  The maintenance mechanic w i l l  be a b l e  t o  communicate w i t h  t h e  su r -  
f a c e  wh i l e  working a t  a  f a c e  machine. When maintenance on a  f a c e  machine 
i s  r equ i r ed ,  t h e  maintenance mechanic can be c a l l e d  d i r e c t l y  from t h e  
t r o b l e d  machine. Th i s  paper  d e s c r i b e s  some of t h e  t r a i l i n g  c a b l e  t e ch -  
niques  t h a t  we have developed t o  f u l f i l l  t h e  above communication needs. 

Adapta t ions  o f  e x i s t i n g  mine communication hardware have been used t o  
t h e  f u l l e s t  e x t e n t  p o s s i b l e ,  s u b j e c t  t o  t h e  fo l lowing  requirements :  

1. Hardware must be pe rmi s s ib l e .  
2, Hardware must be b a t t e r y - o p e r a t e d ,  
3. System must p rov ide  intermachine c:ommunications. 
4 ,  System must s e l e c t i v e l y  i n t e r connec t  t o  a  s u r f a c e  system. 

APPLICATION OF EXISTING TECHNIQUES 

Loudspeaking Teleph.o!nes 

Loudspeaking te lephones  can be used on mine f a c e  machinery. F igure  2  
shows an  exper imenta l  i n s t a l l a t i o n  on a  roof b o l t e r .  Th i s  phone i s  ba t -  
t e r y  opera ted ,  and t h e  newer v e r s i o n s  a r e  .not on ly  designed f o r  rugged 
mine usage,  but  a l s o  a r e  i n t r i n s i c a l l y  s a f e .  An o v e r a l l  diagram of  a  
loudspeaking phone t r a i l i n g  c a b l e  communi.cations system f o r  f a c e  machines 
i s  p r e sen t ed  i n  f i g u r e  3. The system dep i c t ed  i n  f i g u r e  3  a l lows  a  s h u t t l e  
buggy o p e r a t o r  ( f a c e  machine No. 1) t o  communicate w i t h  t h e  cont inuous 
miner  o p e r a t o r  ( f a c e  machine No. 2) on s t anda rd  loudspeaking (pager)  
mine t e l ephone  appara tus .  The f a c t  t h a t  cont inuous miners  a r e  powered 
from a c  and s h u t t l e  buggies from dc does not  j eopard ize  o r  h inde r  t h i s  
form of communication, 

To f a c i l i t a t e  t h e  u se  of t h e s e  phones on f a c e  machinery, i t  i s  
necessa ry  t h a t  t e lephone  w i r e s  be provided i n  t h e  t r a i l i n g  cab l e s .  F igures  
4  shows a  c r o s s - s e c t i o n a l  view of a  t r a i l i n g  cab l e  t h a t  t h e  Bureau pro- 
cured w i t h  a  s h i e l d e d  t e l ephone  p a i r  of  No. 22 wire .  
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FIGURE 3. - Face-machine to face-machine loudspeaking l hones showing interconnection 
to gathering locomotive. 
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- 

This  p a r t i c u l a r  cable  was r e a d i l y  a v a i l a b l e  f o r  ou r  experimental i n s t a l l a -  
t i o n s .  For operating-mine app l i ca t ions ,  a l a r g e r  w i re  s i z e  i s  recommended 
t o  i nc rease  t h e  s t r e n g t h  of t h e  te lephone pa i r .  

itters 

-- 

To insu re  s a f e t y  i n  t h e  connection of t h e  machine-mounted phones t o  
t h e  te lephone p a i r  i n s i d e  t h e  power cable ,  t h e  phones have p r o t e c t i v e  
c i r c u i t s  a s  i l l u s t r a t e d  i n  f i g u r e  5 .  To ensure t h a t  t h e r e  i s  no dan- 
ge r  of any power a c c i d e n t a l l y  i n t e r f e e d i n g  between one cab le  and another ,  
a t ransformer  coupler  l oca t ed  a t  t h e  power c e n t e r  provides i s o l a t i o n  bet- 
ween t h e  t r a i l i n g  cab le s  a s  depic ted  i n  f i g u r e  6. As on t h e  machines, 
p r o t e c t i v e  c i r c u i t s  a r e  a l s o  used a t  t h e  power cen te r ,  a s  shown i n  f i g u r e  6 .  
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Ground Check -. / 
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4 

FIGURE 4. - Trailing power cable with a shielded 
telephone pair. 



To a l low t h e  f a c e  machjne ope ra to r s  tlo occas iona l ly  communicate w i t h  
t h e  "gathering" locomotive ope ra to r ,  it i s  necessary  t h a t  a  loudspeaking 
t e l e p h o n e - t o - t r o l l e y  w i r e  te lephone  s e l e c t i v e  i n t e r connec t  coupler  be 
placed i n  t h e  mine s e c t i o n  a s  i nd i ca t ed  i n  f i g u r e  3. We have modified 
a  s tandard ,  Femco loudspeaking phone- to- t ro l ley  phone coupler  t o  provide 
t h i s  s e l e c t i v e  coupling. The coupl ing i s  s e l e c t i v e  i n  o rde r  not  t o  bur- 
den t h e  t r o l l e y  system w i t h  r o u t i n e  f a c e  machine communication t r a f f i c  
and v i c e  v e r s a ,  E i t h e r  t h e  s h u t t l e  buggy ope ra to r  o r  t h e  "gathering" 
locomotive ope ra to r  can i n i t i a t e  t h e  in te rconnec t  by simply applying an  
audio tone  t o  t h e  mouthpiece of h i s  phone us ing  a  pocket-s ized tone  
genera tor .  

The advantages and disadvantages of t h i s  t r a i l i n g  c a b l e  communication 
system a r e  summarized a s  fol lows:  

Advantages Disadvantages 

1. Permiss ib le .  

2. Rugged, 

3. Ba t te ry  powered. 

4 ,  Re l iab le .  

5 .  Simple. 

1, Extra  wi res  i n  t r a i l i n g  cable .  

2 ,  I s o l a t i o n  r equ i r ed  between in te rcon-  
nec ted  phones, 

3. Spec i a l  coupler  r equ i r ed  f o r  provi-  
ding paging vol tage .  

4. Eixtra t e rmina l s  a t  plug. 

5. E:xtra s l i p  r i n g s  i n  cab l e  r e e l .  

C a r r i e r  T v ~ e  Tele~honles  

We have a l s o  examined a  second approalch t o  meeting f a c e  machine 
communication needs. Ca r r i e r type  t e l ephor~es  normally used on t h e  t r o l l e y  
w i r e  system have been placed on f a c e  machinery a s  shown i n  f i g u r e  7. One 
d i f f i c u l t y  w i t h  t h i s  approach i s  t h a t  pe rmis s ib l e  t r o l l e y  wi re  phones a r e  
not  y e t  commercially a v a i l a b l e ,  a l though one of t h e  manufacturers  of t r o l l e y  
w i r e  phones isnow cons ider ing  submi t t ing  i t s  equipment f o r  approval.  There- 
f o r e  f o r  t h i s  experimental  i n s t a l l a t i o n ,  we modified a  t r o l l e y  w i r e  phone 
and obta ined  a  permit t o  o p e r a t e  it i n  a  gaseous mine. These s e c t i o n  t r o l l e y  
w i r e  te lephones a r e  a l s o  b a t t e r y  operated,  which permits  them t o  be used when 
machine power i s  shut  o f f ,  such a s  dur ing  maintenance opera t ions .  
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Trol ley  wi re  phones on face  machinery can best  be used over t h e  
power wire  i n  t h e  t r a i l i n g  cable a s  shown i n  f i g u r e  8. In a  s i t u a t i o n  
where t h e  cint inuous miner i s  on ac and the  s h u t t l e  buggies on dc, i t  
w i l l  be necessary t o  use a spec ia l  s a f e t y  coupler t h a t  t ies one of t h e  
phase wires of t h e  ac  system t o  t h e  p o s i t i v e  wire  of t h e  dc system. 
This sa fe ty  coupler must provide a means of fuse  separa t ion  f o r  t h e  
c i r c u i t s  i n  case of f a i l u r e .  

A s  i n  t h e  loudspeaking phone system, t h e  "gathering" locomotive of 
t h e  t r o l l e y  wire  system can a l s o  be s e l e c t i v e l y  interconnected t o  t h e  face 
machinery c a r r i e r  phones by means of a  s e l e c t i v e  coupler. This s e l e c t i v e  
coupler prevents  t h e  normal t r a f f i c  on t h e  t r o l l e y  wire system from i n t e r -  
f e r i n g  wi th  t h e  t r a f f i c  on t h e  face  machinery equipment and v i c e  versa. 
Figure 9 presents  an overa l l  system diagram, including t h i s  s e l e c t i v e  
interconnect  fea ture .  Separate frequencies a r e  used f o r  t h e  t r o l l e y  
wire and face  machine systems. 

FIGURE 7. - Carrier phone on face machine. 
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The 88-kHz ( t y p i c a l )  s i g n a l  used on t h e  t r o l l e y  w i r e  i s  connected v i a  t h e  
s e l e c t i v e  coupler  t o  a  133-kHz t r a n s m i t t e r ,  133-kHz being t h e  c a r r i e r  
frequency f o r  t h e  f a c e  machines on t h e  sec t ion .  When t h e  "gathering" 
locomotive ope ra to r  wishes t o  t a l k  t o  t h e  f a c e  machinery opera tor ,  he  
sends a  s e l e c t i v e  coupling s i g n a l  (audio tone) t h a t  causes t h e  coupler  
t o  in te rconnect  and r e t r ansmi t  h i s  message v i a  a  133-kHz c a r r i e r  t o  t h e  
f a c e  machinery on t h e  sec t ion .  I n  t h e  oppos i te  d i r e c t i o n ,  when a person 
on t h e  s e c t i o n  wishes t o  t a l k  t o  t h e  t r o l l e y  wi re  system o r  locomotive 
opera tor ,  he sends t h e  s e l e c t i v e  coupling s i g n a l  (audio tone)  t o  t h e  
coupler  which in te rconnects  t h e  s e c t i o n  equipment t o  t h e  t r o l l e y  wire  
system and locomotive. 

The advantages and disadvantages of t h i s  t r a i l i n g  cab le  communication 
system a r e  summarized a s  fol lows:  

Face Machine 1 

Advantages Disadvantages 

Phase Wire 

. No e x t r a  w i r e s  o r  con tac t s .  1. Presen t ly  nonpermissible.  

. Couple onto phase wire .  2.  I s o l a t i o n  requi red  between 
machines. 

3 .  Bat te ry  power opt ion .  
4. Rugged. 
5. Rel iab le .  

"I~" 

--- 

Face Machine 2 



Surface  1nterconn.ect 

Both of t h e  above f a c e  machine communication systems can a l s o  be 
connected t o  t h e  s u r f a c e  v i a  t h e  mine t r o l l e y  w i r e  o r  phone l i n e .  I f  
t h e  d i spa t che r ,  mine foreman, o r  any o t h e r  su r f ace  personnel  wish t o  
contac t  t h e  s e c t i o n ,  t h e  s e c t i o n  can be s e l e c t i v e l y  coupled i n t o  t h e  
t r o l l e y  w i r e  system o r  t h e  phone l i n e  system. Each s e c t i o n  can be 
ass igned  a  s p e c i a l  s e l e c t i v e  audio t one  f o r  coupl ing purposes. Th i s  
permi ts  t h e  s e c t i o n s  t o  be i s o l a t e d  one from another  and t o  be paged 
s e l e c t i v e l y .  Therefore ,  t h e  s e l e c t i v e  page f o r  any p a r t i c u l a r  s e c t i o n  
w i l l  not be heard on any o t h e r  s ec t i on .  

CONCLUS IONS 

Two-way communication between f a c e  machine ope ra to r s  and between 
f a c e  machine ope ra to r s  and s u r f a c e  personnel  on a  s e l e c t e d  c a l l  b a s i s  
i s  p o s s i b l e  w i t h  e x i s t i n g  communication hardware o r  modi f ica t ion  of 
e x i s t i n g  hardware, These cormnunications can he lp  mining personnel  
improve s a f e t y  and e f f i c i e n c y  of mine opera t ions .  
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FIGURE 9. - Face-machine to face-machine carrier phones show ing interconnect ion 
to gathering locomotive. 
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TWO-WAY COMMUNICATIONS WITH ROVING MINERS 

BY 

Robert L. ~ a ~ a c e '  and Howard E. Parkinson 2 

ABSTRACT 

UHF wire less  and guided wire less  radio  systems a r e  opera t ional  i n  
the  Bureau of Mines Safety Research Mine i n  Bruceton, Pa. The systems 
s a t i s f y  the need for  i n s t a n t  personal two-way communications between 
key individuals  roving i n  working sec t ions  and haulageways, and between 
these indic iduals  and the  surface .  The individuals  a r e  equipped with 
por table  handy t a l k i e  radios t h a t  a re  Bureau-approved fo r  operat ion i n  
a  gassy mine. The Bureau's systems operate a t  420 MHz, a  frequency 
a l located  t o  Government users .  Systems belonging t o  i n d u s t r i a l  users  
such a s  mines can u t i l i z e  the  450 t o  470-MHz UHF band a l loca ted  t o  
i n d u s t r i a l  land mobile appl ica t ions .  The UHF band i s  more e f f e c t i v e  
than the  VHF (very high frequency) band f o r  unaided propagation i n  the  
sec t ions  and haulageways of mines. 

The UHF wire less  radio system does not need any s p e c i a l  guiding 
cables and is  p a r t i c u l a r l y  a t t r a c t i v e  fo r  mine sec t ion  appl ica t ions ,  
a s  well a s  haulageways. The UHF guided wire less  radio system i s  based 
on the use of a  spec ia l  r ad ia t ing  coaxial  cable i n s t a l l e d  along main 
e n t r i e s ,  and i s  s u i t a b l e  fo r  haulageway appl ica t ions .  This paper 
t r e a t s  the  p r inc ip les  of operat ion,  expected communication ranges, and 
the  key fea tures  and l imi ta t ions  of both systems. 

1 
Arthur D.  L i t t l e ,  Inc., Cambridge, Mass. 

2 
Supervisory e l e c t r i c a l  research engineer, I n d u s t r i a l  Hazards and 
Communications, Pi t tsburgh Mining and Safety Research Center, 
Bureau of Mines, Pi t tsburgh,  Pa. 



INTRODUCTION 

Need f o r  Two-Way Communications With Roving Miners 

H i s t o r i c a l l y ,  communication equipment: f o r  underground mine use has 
been based on "wired" systems, namely, t he  loudspeaking mine telephone 
system and the  t r o l l e y  wire  c a r r i e r  phone system. The mine telephone 
system inc ludes  both magnetophones and loudspeaking telephones, while  
t he  t r o l l e y  wire  c a r r i e r  phone system u t i l i z e s  c a r r i e r  cu r r en t  t r a n s -  
m i t t e r s  and r ece ive r s .  I n  both cases  a l l  t he  t r ansmi t t i ng  and r ece iv ing  
equipment i s  "hard wired" t o  t h e  telephone l i n e  o r  t o  t he  t r o l l e y  wire ,  
r e s p e c t i v e l y .  As such, t h i s  equipment i s  not  po r t ab l e .  Therefore,  i t  
i s  inadequate f o r  paging o r  communicating wi th  key induviduals ,  such a s  
foremen and maintenance men, when they a r e  not  i n  t he  immediate v i c i n i t y  
of  t h e  communication equipment. 

The roving miner paging systems r ecen t ly  developed by the  Bureau of 
Mines and discussed i n  a  companion seminar paper meet the  need t o  d e l i v e r  
one-way paging messages and c a l l  a l e r t s  t o  key ind iv idua l s  on t h e  move i n  
t he  mine. These a r e  messages o r  a l e r t s  t h a t  t he  paged ind iv idua l  must 
e i t h e r  a c t  upon, o r  acknowledge v i a  another  communications channel i n  the  
mine. However, s i t u a t i o n s  a l s o  a r i s e  i n  which an ins tan taneous  and 
cont inuing response from key roving miners i s  e i t h e r  e s s e n t i a l  o r  extremely 
d e s i r a b l e  from an  ope ra t iona l  o r  s a f e t y  po in t  of view. The a b i l i t y  t o  reach 
and t a l k  with an ind iv idua l  where he happens t o  be, and not  only a t  a  l imi ted  
number of f ixed s t a t i o n s ,  i s  p a r t i c u l a r l y  b e n e f i c i a l  when- 

1. Downt5me can be reduced by permi t t ing  ind iv idua l s  working on 
machinery t o  communicate wi th  su r f ace  superv isors  without  
leav ing  t h e  machinery; o r  

2 .  The message i s  urgent  and the  ind iv idua l  i s  on the  move 
underground. 

Two-way w i r e l e s s  and guided wi re l e s s  r ad io  systems r ecen t ly  i nves t iga t ed  
by t h e  Bureau can provide t h i s  personal ized ins tan taneous  communication 
t o  i nd iv idua l s  over important p a r t s  of t he  mine, 

Two-way Wireless Radio i n  Mines 

The t h r u s t  of our two-way w i r e l e s s  r ad io  communication work has 
been t o  extend two-way communications t o  key miners roving wi th in  
t h e  s e c t i o n  and i n  t h e  haulageway. The p r i n c i p a l  o b j e c t i v e  has  been 
t o  f i nd  ways i n  which commercially ava i l ab l e ,  po r t ab l e  r ad io  equipment 
can be adapted f o r  p r a c t i c a l  use i n  ope ra t iona l  coa l  mines. 



Electromagnetic waves a t  r a d i o  f requencies  a r e  not  capable of  
pene t r a t ing  the  overburdens of t y p i c a l  mines because of  t he  severe 
a t t e n u a t i o n  su f f e red  i n  t he  overburden by t h e  waves a t  t hese  f requencies .  
To u t i l i z e  r ad io  waves i n  mine e n t r i e s  and c ros scu t s ,  t he  r ad io  s i g n a l  
sources must be brought i n t o  the  mines and t o  t he  a r e a s  of i n t e r e s t ,  
e i t h e r  d i r e c t l y  o r  v i a  guiding cab le s  o r  wi res .  

The opera t ing  frequency i s  a key f a c t o r  t h a t  s i g n i f i c a n t l y  i n f luences  
the  communication range of any w i r e l e s s  r a d i o  system i n  mines. U,  S. 
coa l  mining methods r e q u i r e  a r e a  coverage, a s  opposed t o  t he  l i n e a r  
haulageway coverage t h a t  i s  t y p i c a l l y  needed f o r  European longwall mining. 
By a r e a  coverage we mean communications throughout a working s e c t i o n  t h a t  
may t y p i c a l l y  encompass an a r e a  600 f e e t  by 600 f e e t ,  and communications 
down c ros scu t s  t o  s e v e r a l  hundred f e e t  away from the  main haulageways. 

We have found t h a t  f requencies  i n  the  UHF band o f f e r  the  b e s t  a r e a  
coverage f o r  completely w i r e l e s s  two-way voice communications between 
po r t ab l e  handy t a l k i e  r ad ios .  This we have determined from t h e o r e t i c a l  
cons idera t ions  backed up by in-mine experiments.  Two-way w i r e l e s s  
communication ranges between handheld u n i t s  i n  mine e n t r i e s  a r e  l imi ted  
t o  approximately t e n s  of f e e t  a t  c i t i z e n s '  band frequencies  near  30 MHz, 
a r e  extended t o  s e v e r a l  hundreds of f e e t  a t  VHF band frequencies  around 
150 MHz, and a r e  f u r t h e r  extended t o  over 1500 f e e t  fo r  UHF band 
frequencies  around 450 MHz. These ranges apply t o  s t r a i g h t  l i n e  
communications along an  en t ry ,  and a r e  reduced i f  corners  a r e  p re sen t  
i n  the  t ransmiss ion  path.  I n  a d d i t i o n  t o  o f f e r i n g  t h e  g r e a t e s t  promise 
f o r  extending two-way communications t o  roving ind iv idua l s ,  t he  450-MHz 
UHF frequency band is  p re sen t ly  the  upper l i m i t  f o r  commercially a v a i l a b l e  
po r t ab l e  r ad io  t r ansce ive r s .  This  frequency band has a l s o  been rece iv ing  
much p u b l i c i t y  and i n t e r e s t  i n  t he  underground mining indus t ry .  

Two s p e c i f i c  UHF rad io  communication systems a r e  t r e a t e d  i n  t h i s  
paper.  The f i r s t  i s  t r u l y  w i r e l e s s  and p a r t i c u l a r l y  a t t r a c t i v e  f o r  
s e c t i o n  app l i ca t ions ,  so it has been named UHF wi re l e s s  s e c t i o n  rad io .  
The second makes use of a s p e c i a l  coax ia l  cab le  f o r  guiding and 
r a d i a t i n g  UHF rad io  waves along mine e n t r i e s ,  s o  i t  has been named 
UHF guided w i r e l e s s  r ad io .  - 

UHF WIRELESS SECTION RADIO SYSTEM 

Two-way wi re l e s s  s e c t i o n  r a d i o  systems can provide communications 
between key ind iv idua l s  who may be working a t  d i f f e r e n t  l o c a t i o n s  wi th in  
a s ec t ion ,  and between these  ind iv idua l s  and the  sur face .  These systems 
can a l s o  be appl ied  t o  haulageway communications. Figure 1 gives  a n  o v e r a l l  
view of such a system f o r  a s e c t i o n  a p p l i c a t i o n .  It i s  described i n  d e t a i l  
under "System Description,' '  a f t e r  d i scuss ion  of t he  system's  p r i n c i p l e s  of 
opera t ion  and expected communications coverage. 



FIGURE 1. - Two-way wireless section radio system. 

P r i n c i p l e s  of Operation 

Figure 2 d e p i c t s  i n  schematic form a  UHF r ad io  wave propagat ing 
down a  coa l  mine e n t r y  ( tunnel )  without  t h e  a s s i s t a n c e  of  any m e t a l l i c  
guiding wires  o r  cab le s .  A t  VHF o r  UHF frequencies ,  t he  e n t r i e s  themselves 
behave l i k e  "leaky" waveguides, guiding the  s i g n a l  energy along the  
length  of t he  en t ry ,  while  a l s o  lo s ing  p a r t  of t he  energy t o  the  
surrounding medium. By analogy, t he  roof ,  f l o o r ,  and wa l l s  of a  mine 
e n t r y  can be considered a s  imperfect  mi r ro r s  and the  r a d i o  waves a s  l i g h t  
beams. As t h e  l i g h t  beam, o r  r a d i o  wave, t r a v e l s  down the  mine en t ry ,  
bouncing o f f  t he  wal l s ,  roof and f l o o r ,  p a r t  of i t s  energy i s  r e f l e c t e d  
a t  each bounce and t h e r e f o r e  r e t a ined  i n  t h e  en t ry ,  while  p a r t  of i t s  
energy i s  t ransmi t ted  i n t o  t h e  c o a l  o r  rock by r e f r a c t i o n  and the re fo re  l o s t .  
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FIGURE 2. - UHF wireless radio in coal mines-principle of operation. 

Figure 3 i l l u s t r a t e s  how the  s i g n a l  a t t enua t ion  l o s s  f o r  mine e n t r i e s  
va r i e s  with operat ing frequency f o r  the  dominant propagating mode. This 
l o s s  represents  the  f r a c t i o n a l  decrease i n  s t rength ,  expressed i n  decibels  
(dB), suffered by the  s i g n a l  f o r  each 100 f e e t  i t  propagates down the  
ent ry .  The curves i n  f igure  3 a r e  based on data  from propagation experi-  
ments performed i n  an operat ing high coal  mine, and on values calculated 
from t h e o r e t i c a l  equations. A s  shown, both theory and experiment ind ica te  
t h a t  i n  high coal  e n t r i e s ,  wire less  radio  s igna l s  a r e  at tenuated severe ly  
below the  UHF frequency range, experience a  broad favorable minimum i n  
a t t enua t ion  between 500 MHz and 2,500 MHz i n  the  UHF band, and f i n a l l y  
s u f f e r  a  gradual increase i n  a t t enua t ion  a s  the  frequency i s  increased 
beyond the  UHF frequency band. I n  low coal  the  a t tenuat ion  l o s s  i s  
shown t o  be more severe, p a r t i c u l a r l y  below 1,000 MHz. This low coal  
behavior has only been p a r t i a l l y  confirmed by the rout ine  use of 420-MHz 
handy t a l k i e s  during f i e l d  t r i p s  t o  mines. 
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FIGURE 3. - UHF wire less radio s ignal  attenuation loss in  coa l  
mine entries. 

The o t h e r  major f requency dependent l o s s e s  a r e  an tenna  coup l ing  
l o s s  and c o r n e r  l o s s .  When t h e y  a r e  added t o  t h e  a t t e n u a t i o n  l o s s ,  t h e  
appearance o f  a n  optimum o p e r a t i n g  f requency band becomes more pronounced. 
I n  h i g h  c o a l ,  t h e  optimum band i s  400 t o  1000 MHz, Within t h i s  band, t h e  
b e s t  f requency  f o r  a  p a r t i c u l a r  a p p l i c a t i o n  w i l l  depend on t h e  d e s i r e d  
communication d i s t a n c e  and whether t h e  s i g n a l  must t r a v e l  around a  c o r n e r  
t o  r e a c h  t h e  r e c e i v e r ,  For example, o p e r a t i n g  f r e q u e n c i e s  n e a r  400 MHz a r e  
favored  f o r  t r a n s m i s s i o n  p a t h s  abou t  500 f e e t  long t h a t  i n c l u d e  one c o r n e r .  
Such p a t h s  a r e  t y p i c a l  f o r  s e c t i o n  a p p l i c a t i o n s .  F requenc ies  n e a r  1 , 0 0 0  MHz 
a r e  favored f o r  long s t r a i g h t - l i n e  t r a n s m i s s i o n  p a t h s  a long  hau lage  ways. 

The Bureau h a s  t e s t e d  p o r t a b l e  mobile r a d i o  equipment up t o  t h e  
p r e s e n t  f requency  l i m i t  o f  equipment a v a i l a b i l i t y ,  t h e  450-MHz band, t h e  
band which a l s o  o f f e r s  t h e  most f a v o r a b l e  performance f o r  s e c t i o n  a p p l i c a -  
t i o n s  i n  h i g h  c o a l .  A l l o c a t i o n  o f  a  new band of  f r e q u e n c i e s  around 960 MHz 
f o r  land mobile i n d u s t r i a l  a p p l i c a t i o n s  i s  p r e s e n t l y  under c o n s i d e r a t i o n  
by t h e  F e d e r a l  Communications Commission. However, p o r t a b l e  and f i x e d  
s t a t i o n  960-MHz equipment f o r  haulageway a p p l i c a t i o n s  w i l l  s t i l l  n o t  be 
commercially a v a i l a b l e  f o r  s e v e r a l  y e a r s .  There fore  o u r  p r e s e n t  i n v e s t i g a -  
t i o n s  and range  p r e d i c t i o n s  were c o n c e n t r a t e d  on t h e  450-MHz band. 



Expected Coverape 

Communication can be maintained between two separated individuals  
o r  s t a t i o n s  u n t i l  the  separa t ion  d is tance  increases  t o  a  point  where the  
s i g n a l  s t r eng th  i s  not  s u f f i c i e n t  t o  overcome the  background e l e c t r i c a l  
noise. A t  UHF frequencies, measurements have shown t h a t  the  l e v e l s  of 
t h i s  background noise w i l l  be governed by the  i n t r i n s i c  e l e c t r i c a l  noise  of 
the  UHF rece ivers  r a t h e r  than by ex te rna l ly  generated e l e c t r i c a l  noise i n  
the  mine. The wi re less  radio  coverage of a  typ ica l  sec t ion  i n  high coal  
has been estimated f o r  Motorola HT220 FM handy t a l k i e  u n i t s  operat ing a t  a  
frequency of 420 MHz. These por table  u n i t s  have a  t r ansmi t t e r  power of 2 
wat ts  and receiver  s e n s i t i v i t y  of 0.5 microvolt f o r  20 dB of quie t ing .  

Since communication on a  working sec t ion  requi res  coverage down 
crosscuts ,  one must add t o  the  s t r a i g h t - l i n e  a t tenuat ion  the l o s s  incurred 
by the  s igna l  i n  going around a t  l e a s t  one 90" corner. A t  420 MHz, theory 
and experiment support the  use of a  corner loss  of about 58 dB f o r  the  
dominant propagating mode. To these losses  must be added a  t o t a l  antenna 
coupling l o s s  of  about 46 dB t o  account fo r  the inse r t ion ,  polar iza t ion ,  
and e f f i c i ency  losses  expected f o r  two por table  handy t a l k i e s .  A nominal 
s i g n a l  fade margin of 12 dB should a l s o  be included. These values 
lead t o  the  conservative sec t ion  coverage predic t ion  shown i n  f igure  4.  
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FIGURE 4. - Predicted UHF wireless radio coverage. 



Figure 4 i l l u s t r a t e s  t he  coverage expected i n  a  high coa l  mine 
between a  c e n t r a l l y  loca ted  miner wi th  a  handy t a l k i e  u n i t  and a  second 
miner roving throughout t he  s e c t i o n  with another  u n i t .  Miner-to-miner 
s epa ra t ion  of more than h a l f  a  s e c t i o n  i s  poss ib l e ,  unaided by any t r a n s -  
mission l i n e s  o r  o the r  guiding cab le s .  This s epa ra t ion  can be doubled 
t o  cover t he  whole s e c t i o n  by p lac ing  a  r epea t e r  u n i t  a t  t he  c e n t r a l  
l o c a t i o n  i n  the  sec t ion .  

Note t h a t  when the  s i g n a l  must go around only one corner ,  s a t i s f a c t o r y  
communication can be expected over a  l i n e a r  d i s t a n c e  of approximately 
500 f e e t  down an e n t r y  and c ros scu t .  When no corners  a r e  encountered, 
a s  i n  a  haulageway t ransmiss ion  path, s a t i s f a c t o r y  s t r a i g h t - l i n e  commun- 
i c a t i o n  can be expected over d i s t a n c e s  i n  excess  of 1,500 f e e t .  These 
range l i m i t s  can usua l ly  be somewhat extended i f  the  handy t a l k i e s  a r e  
r o t a t e d  i n t o  the  h o r i z o n t a l  plane and pointed ac ros s  t h e  en t ry ,  thereby 
tak ing  f u l l  advantage of t he  dominant h o r i z o n t a l  f i e l d  component. 
P r a c t i c a l  ways t o  f u r t h e r  extend s e c t i o n  coverage, by reducing the 
r e l a t i v e l y  high corner  l o s s ,  a r e  p re sen t ly  under i n v e s t i g a t i o n .  

Figure 5  r ep re sen t s  a  coverage diagram obtained f o r  a  po r t ion  of the  
Bureau's Safety Research Mine a t  Bruceton, The coverage experienced i n  
t he  Safe ty  Research Mine suppor ts  t h e  coverage p r e d i c t i o n s  of  f i gu re  4 .  
I n  f i g u r e  5  t he  t r a n s m i t t e r  i s  loca ted  i n  t he  upper right-hand corner ,  
and the  coverage r ep re sen t s  roughly one quadrant of a  working s e c t i o n  a s  
i nd ica t ed  by the  dimensions. The o t h e r  t h ree  quadrants  w i l l  experience 
the  same coverage. Note t h a t  when the  s i g n a l  has  t o  go around one corner ,  
the  coverage i s  a s  pred ic ted ,  but t h a t  two corners  produce a  quick t r a n s -  
i t i o n  t o  u n s a t i s f a c t o r y  performance. The coverage t o  t he  l e f t  of f i g u r e  5  
does not  extend beyond 200 f e e t  because of the  absence of a  c o n n e c t i n g  
c ros scu t .  Also depicted i n  f i gu re  5  a r e  the  main elements of w i re l e s s  
s e c t i o n  r ad io  system i n s t a l l e d  i n  t he  Safety Research Mine. This system 
w i l l  be descr ibed i n  the  next  p a r t  of t h i s  paper.  
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FIGURE 5. - UHF two-way wireless section 
radio coverage in the Safety 
Research Mine. 



System Descr ip t ion  

An o v e r a l l  block diagram of a  w i r e l e s s  s e c t i o n  r ad io  system i s  
shown i n  f i g u r e  6. Roving miner-to-miner d i r e c t  w i re l e s s  communication 
wi th in  t h e  s e c t i o n  i s  obtained by us ing  channel 2 on the  p o r t a b l e  
handy t a l k i e  u n i t s .  I n  t h i s  d i r e c t  mode of opera t ion ,  t he  po r t ab l e  
u n i t s  t ransmi t  and rece ive  on channel 2. The system a l s o  provides 
roving miner communication wi th  the  su r f ace  on t h i s  same channel.  This  
i s  accomplished by the  use of  a  s p e c i a l  in te rconnect  u n i t  which i s  roof -  
mounted wiht  another  handy t a l k i e  i n  an i n t e r s e c t i o n  a t  a  c e n t r a l l y  
l oca t ed  p o s i t i o n  i n  t he  sec t ion .  This r a d i o - t o - c a r r i e r  system i n t e r -  
connect u n i t  couples  t he  audiofrequency po r t ion  of the  roof-mounted 
UHF handy t a l k i e  t o  t he  audiofrequency p o r t i o n  of  a  61-kHz standard 
miner c a r r i e r  phone t h a t  is  a t tached  t o  t he  mine telephone l i n e .  I n  
t he  mine o f f i c e  a t  t h e  o the r  end of t h e  mine telephone l i n e  i s  a  
corresponding c a r r i e r  phone u n i t  which completes t he  mine-to-surface 
communication l i n k .  A conversa t ion  can be i n i t i a t e d  from e i t h e r  t h e  
mine o f f i c e  o r  t he  roving miner on the  s e c t i o n  by simply using the  
mine o f f i c e  c a r r i e r  phone o r  the  po r t ab l e  handy t a l k i e s  i n  t h e i r  
s tandard  modes of  opera t ion .  The system described provides an  i n s t a n t -  
aneous d i r e c t  p r i v a t e  l i n e  t o  key roving miners on a  s ec t ion ,  even when 
t h e  mine telephone l i n e  i s  busy wi th  normal audiofrequency communication 
t r a f f i c .  
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FIGURE 6. - Two-way wireless section radio system block diagram. 
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As s t a t e d  i n  t h e  coverage d i s c u s s i o n ,  t h e  rov ing  miner-to-miner 
communication range can be doubled,  the reby  ex tend ing  roving miner 
coverage t o  t h e  whole s e c t i o n  by u s ing  a  roof-mounted r e p e a t e r  a t  t h e  
c e n t r a l  l o c a t i o n .  To o p e r a t e  i n  t h e  r e p e a t e r  mode, miners would swi tch  
t o  channel  1. I n  t h i s  r e p e a t e r  mode of  ope ra t i on ,  t h e  p o r t a b l e  u n i t s  
t r a n s m i t  on channel  1 bu t  s t i l l  r e c e i v e  on channel  2 .  Th is  a l lows  a  
c e n t r a l l y  l oca t ed  r e p e a t e r  s t a t i o n  t o  p i ck  up t h e  channel  1 t r ansmi s s ions  
o f  t h e  miners and r eb roadcas t  them on channel  2  f o r  subsequent  r e c e p t i o n  
by t h e  o t h e r  handy t a l k i e s ,  the reby  doubl ing t h e  miner-to-miner range of  
t h e  system. 

Another b e n e f i t  i s  ob ta ined  when i n  t h e  r e p e a t e r  mode, namely, roving 
miner-to-miner communications t r a f f i c  w i l l  n o t  c l u t t e r  t h e  s e c t i o n - t o -  
s u r f a c e  i n t e r c o n n e c t  channel ,  bu t  messages from t h e  s u r f a c e  w i l l  s t i l l  be 
r e c e i v a b l e  by t h e  rov ing  miners .  

F igure  7 shows a  Motorola HT220 i n t r i n s i c a l l y  s a f e  handy t a l k i e  u n i t  
a t t a c h e d  t o  a  m ine r ' s  b e l t .  Opera t ion  cam be v i a  a  push - to - t a l k  swi tch  
and speaker-microphone t h a t  a r e  i n t e g r a l  p a r t s  of  t h e  handy t a l k i e  u n i t .  
A l t e r n a t i v e l y ,  t h e  sw i t ch  and speaker-mic:rophone can be i n  t h e  form of  a  
handheld accessory ,  a s  shown i n  f i g u r e  7 .  This  a cce s so ry  can be conven- 
i e n t l y  c l i pped  t o  a  pocket  o r  l a p e l .  Opera t ion  i s  a l s o  p o s s i b l e  by means 
o f  a  bone conductance microphone and e a r  speake r s  a t t a ched  t o  t h e  miner ' s  
ha rdha t  a s  shown i n  f i g u r e  8 .  The bone c:onductance microphone i s  
s i t u a t e d  i n  t h e  middle o f  t h e  ha rdha t  webbing s o  t h a t  i t  can p ick  up t h e  
s k u l l  v i b r a t i o n s  c r e a t e d  when a  person  speaks .  The e a r  speakers  a r e  pu t  
c l o s e  enough t o  t h e  e a r s  t o  hea r  t h e  rece ived  aud io  whi le  s t i l l  l e av ing  
t h e  e a r s  open t o  t h e  normal sounds i n  t h e  mine. This  ha rdha t  u n i t  can 
be opera ted  by a  belt-mounted pushbut ton a s  shown i n  f i g u r e  8, o r  by 
means of  a  vo ice-opera ted  swi tch  which keys t h e  t r a n s m i t t e r  on whenever 
t h e  person speaks ,  This  a l l ows  complete1.y hands - f r ee  o p e r a t i o n .  
F igure  9 d e p i c t s  a  handy t a l k i e  u n i t  i n s t : a l l ed  i n  a  roof-mounted r a d i o -  
t o - c a r r i e r  s u r f a c e  i n t e r c o n n e c t  u n i t  f a b r i c a t e d  by C o l l i n s  Radio Co. 
This  s t a t i o n  i s  t y p i c a l l y  mounted ho r i zo r l t a l l y  a t  a  45O ang l e  i n  an  
i n t e r s e c t i o n  c e n t r a l l y  l oca t ed  i n  t h e  sectt ion.  The cab l i ng  on t h e  
l e f t  goes t o  a  s t anda rd  mine c a r r i e r  phone a t t a c h e d  t o  t h e  mine te lephone  
l i n e .  



FIGURE 7, - Miner u s i n g  i n t r i n s i c a l l y  s a f e  handy  t a l k i e  un i t ,  



FIGURE 8. - Handy talkie operation using hardhat with ear speakers and 
bone conductance microphone. 



FIGURE 9, - Roof-mounted radio-to-carrier surface interconnect unit and handy 
talkie unit. 



The bas ic  system depicted i n  f igure  6 can be used i n  a  va r i e ty  of 
ways and circumstances. It can be used t o  extend two-way communications 
between key roving miners wi th in  a sect ion,  and between these miners and 
the  surface.  The system can be used t o  communicate with roving miners 
along any haulageway having a mine telephone l i n e  by placing interconnect  
and repeater  s t a t i o n s  s imi la r  t o  those f o r  sec t ions  a t  approximately 0.6== 
miles i n t e r v a l s  along the  haulageway. The system with the  surface  i n t e r -  
connect a l s o  lends i t s e l f  t o  i n s t a l l a t i o n  and use a s  a  temporary surface-  
to-roving-miner communication l i n k  during maintenance o r  rescue operat ions.  
Final ly,  t h i s  p a r t i c u l a r  system can be modified f o r  use with l e s s  expensive 
pocket pagers, instead of handy t a l k i e s ,  t o  provide a more l imited c a l l  
a l e r t  o r  paging mode of operat ion.  

UHF GUIDED WIRELESS RADIO SYSTEM 

The second UHF rad io  system t rea ted  i n  t h i s  paper i s  the  guided 
wire less  radio  systom. This system can provide communications between 
key individuals  who may be roving a t  d i f f e r e n t  locat ions  along o r  near 
haulageways, and between these  same individuals  and the surface .  As 
i n  the  wire less  sec t ion  radio  appl ica t ion ,  the  key roving individuals  
ca r ry  por table  handy t a l k i e  r ad io  t ransceivers .  However, unlike wire less  
sec t ion  radio,  guided wire less  radio  uses a  spec ia l  cable t o  pick up, 
t r anspor t  (guide), and r a d i a t e  the  radio  frequency energy along haulageways 
and main e n t r i e s  t o  communicate with the por table  handy t a l k i e s .  
Figure 10 gives an overa l l  conceptual view of a roving miner two-way 
haulageway communication system based on the  guided wire less  radio  
concept a t  UHF frequencies. A s  i l l u s t r a t e d ,  such a system operat ing 
a t  UHF requires  t h a t  a  spec ia l  cable (Radiax i n  t h i s  case)  and 
a u x i l i a r y  l i n e s  be hung along the  wal ls  of the  haulageways and se lec ted  
sec t ion  e n t r i e s ,  together  with pe r iod ica l ly  spaced repeater  o r  base 
s t a t i o n s .  The system w i l l  be described i n  d e t a i l  under "System Description." 

FIGURE 10. - Guided wireless radio system. 



The UHF Radiax cable system was inves t iga ted  because i t  has been 
receiving increased pub l i c i ty  and a t t e n t i o n  by the equipment suppl iers  
and mine operators ,  and because of the  favorable propagation charac ter -  
i s t i c s  a t  UHF fo r  the  area coverage desired i n  U. So coal  mines. 
However, our inves t iga t ions  ind ica te  t h a t  the  desired area  coverage i s  not  
achievable i n  an economical manner with Radiax cable.  Furthermore, 
much lower frequencies can be e f f e c t i v e l y  used with more economical 
guiding cables i f  the  desired communications can be r e s t r i c t e d  pr imar i ly  
t o  the  haulageways a s  i n  Europe. 

Pr inc ip les  of Operation 

Figure 11 dep ic t s  i n  schematic form a cross-sec t ion  view of a 
coaxia l  cable and the  l a t e r a l  va r i a t ion  of i t s  associated f i e l d s .  I n  
such cables the  bulk of the radiofrequency electromagnetic energy i s  
transported down the cable between the  cen te r  conductor and the  sh ie ld .  
However, the  sh ie lds  of most p r a c t i c a l  cables do not provide p e r f e c t  
containment of the  i n t e r n a l  electromagnetic f i e l d s  nor i s o l a t i o n  from 
ex te rna l  f i e l d s .  As shown, a small f r a c t i o n  of  the  cab le ' s  i n t e r n a l  
f i e l d  i s  usual ly  coupled t o  the  ex te rna l  space. External f i e l d s  a r e  
coupled i n t o  the  cable i n  a s imi la r  manner. The existence of t h i s  weak 
coupling between i n t e r n a l  and ex te rna l  f i e l d s  forms the bas i s  f o r  
seve ra l  guided wire less  systems f o r  communicating with roving miners. 
Cables which t ranspor t  most of the  s i g n a l  energy ins ide  the  cable have 
an added advantage; namely, performance i s  e s s e n t i a l l y  not  af fec ted  by 
normal accumulations of d i r t  and moisture, nor by i n s t a l l i n g  the  cable 
d i r e c t l y  agains t  the  r i b  of a haulageway. 

Coaxial Cable 

I /  Internal Field Strength 

7hrough the Shield 
strength of IL 
Signal Fields 

I t 

Distance from Cable 

FIGURE 11. - Guided wireless radio with 
coaxial cable-principle of 
operat ion. 



As shown i n  Figure 11, the f i e l d s  coupled t o  the external  space w i l l  
continue t o  decrease i n  s t rength  with increasing distance from the cable. 
I n  addit ion,  the i n t e rna l  and external  f i e l d s  w i l l  be attenuated, primarily 
because of the cable 's  res is tance ,  as  they t r ave l  along the cable to  and from 
the fixed and portable communication s t a t i ons .  The amount of coupling loss  
and longitudinal  a t tenuat ion l o s s  experienced depends on the material  and 
construction of the cable and on the operating frequency. 

The UHF guided wireless system t reated i n  t h i s  discussion i s  one based 
on the use of spec ia l  semiflexible RX4-1 IRadiax coaxial  cable of 
%-inch diameter and 50-ohm cha rac t e r i s t i c  impedance. The cable has a  
so l id  copper shie ld  i n  which holes have been machined t o  increase the 
amount of coupling t o  the external  space, a s  opposed t o  the braided- 
type shie ld  used i n  conventional f l ex ib le  cables for  lower frequency 
appl ica t ions .  A cutaway view of the Itaditax cable i s  shown i n  f igure  12. 
I t s  cos t  i s  more than ten  times t ha t  of c~onventional braided cable used 
fo r  cable t e lev i s ion  home in s t a l l a t i ons .  According t o  the cable manu- 
fac turer ,  Andrew Corp., a  l a t e r a l  coup1in:g loss  of 855 10 dB i s  experienced 
when the external  s ignal  s t rength  i s  measured a t  a  distance 
of 20 f ee t  from RX-1 Radiax cable. This loss  includes the shield 
coupling l o s s  and the r a d i a l  spreading loss  for  t h i s  distance and applies 
fo r  both incoming and outgoing s igna l s .  The longitudinal  at tenuation 
loss  i s  2.1 dB1100 fee t .  

FIGURE 12. - Radiax coaxial  cable, cutaway view. 



Figure 13  i s  a  ske tch  i l l u s t r a t i n g  how s i g n a l s  both i n  t h e  cable  
and i n  t he  haulageway decrease i n  s t r e n g t h  a s  t he  d i s t ance  along the  
cable  from a r epea t e r  s t a t i o n  is  increased .  Signal  vo l tages  and 
e x t e r n a l  f i e l d s  a r e  reduced i n  s t r e n g t h  by a  f a c t o r  of 10 t o  1 (20 dB) 
f o r  every 950 f e e t  of cable  t rave led ,  due t o  t he  2.1 dB/100 f e e t  
l ong i tud ina l  a t enua t ion  r a t e .  Figure 13 d e p i c t s  the  decrease 
i n  s i g n a l  s t r e n g t h  f o r  t ransmiss ions  by the  r epea t e r .  A s i m i l a r  s i g n a l  
s t r e n g t h  decrease occurs  f o r  t ransmissions from a handy t a l k i e ,  but  
with t h e  s i g n a l  s t r e n g t h  now being l a r g e s t  a t  the  handy t a l k i e  l o c a t i o n  
and decreasing a s  t h e  s i g n a l  t r a v e l s  i n  t he  cable  towards the  r epea t e r .  

Frequency - 420 MHz 
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FIGURE 13, - Two-way communication range for Radiax guided wireless radio system, 



I n  s p i t e  of t h e  ho l e s ,  t he  coupl ing l o s s  imposed by t he  s h i e l d  i s  
h igh  and r e q u i r e s  t h e  use  of  r e p e a t e r s  ( t o  amplify  and r e t r a n s m i t  
incoming s i g n a l s )  t o  a l low communication v i a  t h i s  c ab l e  between roving 
miners ca r ry ing  p o r t a b l e  handy t a l k i e  r a d i o s .  The spac ing  of t he se  
r e p e a t e r s  a long t h e  cab l e  (base s t a t i o n s  i f  only a  surface-to-mine 
channel i s  d e s i r e d )  w i l l  be governed p r imar i l y  by t h e  l a t e r a l  range 
des i r ed  from t h e  cab le ,  t h e  l o n g i t u d i n a l  a t t e n u a t i o n  r a t e  of  t h e  cab le ,  
and t he  t r a n s m i t t e r  power of t h e  portablle u n i t s .  Since t h e  t r a n s m i t t e r  
power a v a i l a b l e  f o r  p o r t a b l e  u n i t s  i s  g e n e r a l l y  lower than t h a t  a v a i l a b l e  
f o r  f i xed  r e p e a t e r  o r  base s t a t i o n s ,  t h ~ e  p o r t a b l e  u n i t s  s e t  t h e  coverage 
l i m i t s  f o r  two-way communications. 

Expected Coverage 

The two-way coverage o b t a i n a b l e  wi th  a  guided w i r e l e s s  r a d i o  system 
has  been es t imated  f o r  a  haulageway i n s ' t a l l a t i o n  c o n s i s t i n g  of t he  
Andrew RX-1 Radiax c o a x i a l  cab le ,  2  wat t  base s t a t i o n s  and r e p e a t e r s ,  
and t h e  same Motorola HT220 2  wa t t  handy t a l k i e s  used f o r  t h e  w i r e l e s s  
s e c t i o n  r a d i o  system. As  i n  t h e  case  of  w i r e l e s s  s e c t i o n  r ad io ,  
communication range w i l l  be l im i t ed  by i n t r i n s i c  r e c e i v e r  no i s e  a s  
opposed t o  e x t e r n a l  e l e c t r i c a l  no i s e .  The coverage e s t ima te s  a r e  based 
on l a t e r a l  coupl ing l o s s  and l o n g i t u d i n a l  a t t e n u a t i o n  d a t a  suppl ied  by 
t h e  cab l e  manufacturer,  p re l iminary  exper imental  d a t a  obtained f o r  t h e  
Radiax i n s t a l l a t i o n  i n  t h e  Bureau's Sa fe ty  Research Mine, and some of 
t h e  t h e o r e t i c a l  and exper imenta l  r e s u l t s  d i scussed  under w i r e l e s s  s e c t i o n  
r a d i o .  Of p a r t i c u l a r  i n t e r e s t  a r e  t h e  ranges  expected along haulageways 
and down e n t r i e s  c ro s s ing  haulageways. 

When an e n t r y  c ro s s ing  t h e  haulageway i s  c l o s e  t o  a  r e p e a t e r  s t a t i o n ,  
two-way l a t e r a l  coverage should be p o s s i b l e  t o  handy t a l k i e  r ad io s  loca ted  
300 t o  500 f e e t  down t h e  c r o s s  e n t r y .  Figure  14 i l l u s t r a t e s  t h e  expected 
s i g n a l  behavior  and coverage down such a c r o s s  e n t r y .  Once t h e  UHF s i g n a l  
f i e l d  becomes w e l l  e s t a b l i s h e d  i n  t h e  c r o s s  en t ry ,  i t s  propagat ion down 
t h e  e n t r y  and around subsequent  corners  w i l l  be governed by t h e  same 
p r i n c i p l e s  and a t t e n u a t i o n  r a t e s  d i scussed  under w i r e l e s s  s e c t i o n  r a d i o .  

Frequency - 42'0 MHz 

F I G U R E  14. - Guided wireless radio system, propagation down 
crosscuts off hau loge ways, 



As the  d i s t ance  between the  cross  e n t r y  and the  haulageway repeater  
s t a t i o n  becomes l a rge r ,  the  s i g n a l  ava i l ab le  a t  the  mouth of the  en t ry  
w i l l  become weaker, so the  l a t e r a l  coverage down the  cross  en t ry  w i l l  be 
correspondingly reduced. Eventually the  two-way coverage w i l l  be r e s t r i c t e d  
t o  the  confines of the  haulageway cross  sec t ion .  The manufacturers of 
the  cable  and por table  handy t a l k i e s ,  Andrew and Motorola respectively,  
have found t h a t  coverage becomes confined t o  the  haulageway a t  a 
d is tance  of approximately 2,000 f e e t  down the  cable from the  repeater  
s t a t i o n  a s  indica ted  i n  f igure  13. This 2,000-foot d i s t ance  l i m i t  
d i c t a t e s  t h a t  a UHF Radiax cable system, i f  designed t o  g ive  two-way 
coverage primari ly i n  the  haulageway, w i l l  requi re  a r epea te r  placed 
a t  the  center  of each 4,000-foot run of cable.  I f  coverage i s  a l s o  desired 
down cross e n t r i e s ,  the  spacing between the  repeaters  w i l l  have t o  be 
reduced t o  meet the  minimum two-way l a t e r a l  coverage required i n  the  cross  
en t ry  located midway between repeater  s t a t i o n s .  

I n  sum, the  UHF Radiax-based guided wire less  system does provide 
some l a t e r a l  two-way coverage down e n t r i e s  crossing haulageways, but 
t h i s  l a t e r a l  coverage does not remain constant  o r  l a rge  over a s u b s t a n t i a l  
length of a cable run. This decreases the  a t t r a c t i v e n e s s  of the  Radiax 
system from the  standpoints  of cos t  and p r a c t i c a l i t y  fo r  providing area  
coverage i n  a U. S. mine environment. I f ,  on the  o ther  hand, the  coverage 
requirement canbe l imi ted  t o  the  haulageway, t h i s  requirement can be 
more economically s a t i s f i e d  i n  a p r a c t i c a l  manner by using much lower 
frequencies together  with l e s s  expensive coaxia l  cables,  the  mine power 
cables,  o r  the  t r o l l e y  wi re l t r ack  transmission l i n e .  

FIGURE 15, - UHF guided wireless radio system us ing  Radiax cable. 
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System Descriptnon 

Figure 15 i s  a block diagram of a bas ic  UHF guided wi re l e s s  r ad io  
system us ing  Radiax cable.  It rep resen t s  t h e  kind of equipment needed 
f o r  a UHF haulageway app l i ca t ion .  The system a l s o  has a branch-off and 
a s soc ia t ed  antenna te rminat ion  t o  al low communication wi th  roving miners 
on a sec t ion .  Communications from t h e  su r face  t o  a roving miner a r e  
e s t ab l i shed  by means of audio and contirol l i n e s  t h a t  go from t h e  cont ro l  
console on t h e  su r face  t o  r epea te r s  (o r  base s t a t i o n s )  a t  f i xed  loca t ions  
i n  t h e  haulageway. The t r a n s m i t t e r s  of t hese  f ixed  s t a t i o n s  send UHF 
rad io  s i g n a l s  down t h e  Radiax cable  t o  roving miners equipped wi th  
po r t ab le  handy t a l k i e s .  These handy t a l k i e s  p ick  up a po r t ion  of t h e  
s igna l  energy coupled i n t o  t h e  haulageway by t h e  holes  i n  t h e  s h i e l d  of 
t h e  cable.  Conversely, r ad io  t ransmissions from t h e  roving miners a r e  
picked up v i a  t h e  holes  i n  t h e  cable  and c a r r i e d  i n s i d e  t h e  cable  t o  a 
r epea te r  o r  base s t a t i o n ,  where t h e  audio output  i s  sen t  v i a  t h e  audio 
and con t ro l  l i n e s  t o  t h e  con t ro l  consoZe on t h e  surface.  

600 ft. 

F IGURE 16. - UHF 420-MHz guided wireless radio system installed in the Safety 
Research Mine. 



I f  only roving miner-to-surface communication i s  required,  base 
s t a t i o n s  ins tead  of r epea te r s  can be used, with only a s i n g l e  frequency 
(channel 2) f o r  t ransmit  and receive  being required f o r  both t h e  
base s t a t i o n s  and por table  un i t s .  I f  roving miner-to-roving miner 
co~mnunication is  required, i n  add i t ion  t o  communication wi th  t h e  surface,  
repeater  s t a t i o n s  t h a t  receive,  amplify, and retransmit  s igna l s  from t h e  
por tables  must be used, together  wi th  two frequencies, ( In  t h i s  case, 
channels 1 and 2 w i l l  be needed f o r  t ransmit  and receive  by t h e  por tables ,  
respect ive ly ,  and v i c e  versa  f o r  t h e  repeater  s ta t ions . )  Adequate two-way 
coverage i n  the  haulageway i s  obtained by spacing t h e  repeaters  o r  base 
s t a t i o n s  4,000 f e e t  apar t .  

A s  shown i n  Figure 15, each f ixed s t a t i o n  has an independent audio 
l i n e  f o r  re laying received messages t o  t h e  surface.  However, a common 
audio l i n e  is  used t o  a c t i v a t e  a l l  f ixed s t a t i o n s  along t h e  haulageway 
f o r  t r ansmi t t ing  messages from t h e  surface.  This allows t h e  surface  t o  
cover t h e  e n t i r e  haulageway wi th  a s i n g l e  transmission, and t o  rece ive  
noninter fer ing  r e p l i e s  from miners located  along d i f f e r e n t  4,000-foot 
sec t ions  of t h e  cable. To provide roving-miner-to-roving-miner communi- 
ca t ion  between miners located  along d i f f e r e n t  4,000-foot sec t ions  of 
cable, add i t iona l  audio and contro l  l i n e s  must be run between each of t h e  
r epea te r  s t a t i o n s ,  t o  allow each message from a por table  t o  be automati- 
c a l l y  re t ransmit ted  by a l l  r epea te r  s t a t i o n s  along t h e  haulage way. 

Figure 16 dep ic t s  a UHF guided wi re less  radio  Radiax cable system 
i n s t a l l e d  i n  t h e  Bureau's Safety Research Mine. The dimensions of t h i s  
small mine approach those  of a 600"by 600 foot  mine sec t ion ,  s o  the cable 
layout  i s  somewhat r ep resen ta t ive  f o r  a sec t ion  app l i ca t ion  without an 
antenna termination. A two-frequency 12-watt Motorola repeater  s t a t i o n  
located  ou t s ide  t h e  mine i s  used f o r  miner-to-miner and miner-to-surface 
communications. A single-frequency 40-watt Motorola base s t a t i o n  located  
i n  t h e  mine i s  used a s  an  a l t e r n a t i v e  miner-to-surface communication 
path. The system i s  a l s o  equipped with a paging encoder a s  indica ted  
i n  Figure 15. This encoder provides a more l imi ted  c a l l  a l e r t  o r  paging 
mode of operat ion wi th  l e s s  expensive pocket pagers ins tead  of handy 
t a l k i e s .  

Figure 17 shows t h e  system contro l  console which would normally be 
located  on t h e  surface.  Figure 18 i s  a photograph of t h e  two-frequency 
12-watt r epea te r  s t a t i o n ,  while f i g u r e  19 shows the  40-watt base s t a t i o n  
and spec ia l  power supply un i t .  The 2-watt handy t a l k i e s  a r e  t h e  same 
one discussed under wi re les s  sec t ion  rad io  and a r e  shown i n  f i g u r e  7. 



FIGURE 17. - System control console. 

The i n s t a l l a t i o n  shown i n  f i g u r e  16 d id  not meet our  performance 
expec ta t ions  d e s p i t e  t h e  use  of approximately 2,000 f e e t  of Radiax cable .  
Complete two-way coverage of t h e  mine was not  obtained. The worst  a r e a s  
were l a r g e l y  l o c a t e d  i n  t h e  1 f t  h a l f  of t h e  mine, p a r t i c u l a r l y  i n  t h e  6 v e r t i c a l  c ros scu t  w i th  t h e  45 corner  on t h e  map i n  f i g u r e  16, but pockets 
of weak performance were a l s o  p re sen t  i n  o t h e r  p a r t s  of t h e  mine, Means 
of improving t h i s  performance by adding antenna te rmina t ions  a t  s e l e c t e d  
l o c a t i o n s  a r e  c u r r e n t l y  under i nves t iga t ion .  



FIGURE 18. - Two-frequency 12-watt repeater station. 



UHF OVERLAND LOOPBACK 

The Bureau has a l s o  i n v e s t i g a t e d  means of looping underground 
communication channels back t o  t h e i r  po in t s  of o r i g i n  on t h e  sur face .  
An example of a t y p i c a l  overland r a d i o  loopback channel i s  shown a s  p a r t  
of f i g u r e  10. I n  t h i s  i l l u s t r a t i o n  it i s  used t o  loopback a Radiax 
guided w i r e l e s s  r a d i o  communications channel. As shown i n  f i g u r e  10, t h e  
audio output  of a n  in-mine f i x e d  s t a t i o n  i s  brought, v i a  audio and con t ro l  
l i n e s  i n  a power borehole o r  v e n t i l a t i o n  s h a f t ,  t o  a su r f ace  loopback 
s t a t i o n  c o n s i s t i n g  of a 12-watt ,  s ix-channel  UHF t r a n s m i t t e r  r ece ive r  
and a s soc i a t ed  antenna. F igure  20 i s  a photograph of such a su r f ace  
loopback s t a t i o n  loca t ed  near  a borehole.  The UHF r a d i o  loopback system 
can a l s o  loopback t h e  outputs  of t h e  underground mine phone and c a r r i e r  
phone communication channels,  and those  of mine environment monitoring 
channels.  This  i s  done by running independent s e t s  of wi res  up t h e  same 
borehole t o  t h e  UHF loopback s t a t i o n  on t h e  s u r f a c e  and occupying more of 
i t s  UHF channels.  On t h e  su r f ace ,  a l l  messages a r e  t r ansmi t t ed  overland 
t o  a s i m i l a r  t r ansmi t  r ece ive  s t a t i o n  loca t ed  nea r  t h e  mine foreman's 
o f f i c e ,  and subsequent ly t o  app ropr i a t e  min i to r ing  o r  con t ro l  s t a t i o n s .  

FIGURE 19. - Single-frequency 40-watt base station and 
special power s u p p l y  unit. 



FIGURE 20. - Surface transmitter-receiver-antenna station for overland radio loopbock. 



By p l a c i n g  t h e  s u r f a c e  s t a t i o n s  a t  s t r a t e g i c  l o c a t i o n s ,  t h e  mine phone 
l i n e ,  t r o l l e y  w i r e ,  and environment moni to r ing  channels  a s  w e l l  a s  w i r e l e s s  
and guided w i r e l e s s  channe l s  can  be looped back t o g e t h e r .  I n  t h i s  manner 
every t r a n s m i s s i o n  t h a t  goes i n t o  t h e  mine v i a  a  pr imary r o u t e  can  be s e n t  
o u t  a g a i n  v i a  t h e  o v e r l a n d  loopback, I f  a break shou ld  occur  i n  any one of 
t h e  communication channe l s  and a  miner  inby t h e  b reak  cannot be reached by 
t h e  pr imary r o u t e ,  t h e  loopback r o u t e  can be used t o  r e a c h  him. S u r f a c e  
power l i n e s  and t e l e p h o n e  l i n e s  a r e  a l s o  s u i t a b l e  f o r  l o o p i n g  back in-mine 
communication channe l s ,  

CONCLUDING REMARKS 

The g e n e r a l  f e a t u r e s  of  t h e  methods d i s c u s s e d  i n  t h i s  paper  f o r  
e s t a b l i s h i n g  two-way w i r e l e s s  and guided w i r e l e s s  r a d i o  communications 
between underground rov ing  miners  a t  UHF a r e  summarized i n  t a b l e  1. 

T a b l e  1. - UHF Radio I n  Mines f o r  Roving Miner-to-Miner Communications 

D i r e c t  w i r e l e s s  

Method 

Wire less  
v i a  r e p e a t  e r e  

Guided w i r e l e s s  
v i a  r e p e a t e r  and 
Radiax c a b l e .  

U n i t s  of coverage 

Half  s e c t i o n ,  o r  0 , 3  m i l e  
of hau lage  way,, 

Equipment 
( p e r  u n i t  of coverage)  

Whole s e c t i o n ,  o r  0.6 m i l e  
of hau lage  way. 

Whole s e c t i o n ,  o r  0.8 m i l e  
of  hau lage  way. 

Handy t a l k i e s  

Handy t a l k i e s ,  p l u s  
c e n t r a l  low-power 
r e p e a t e r .  

Handy t a l k i e s ,  p l u s  
c e n t r a l  high-power 
s t a n d a r d  r e p e a t e r ,  

I p l u s  Radiax c a b l e  
a long  haulageway o r  
d i s t r i b u t e d  i n  s e c -  

1 t i o n .  

Fur thermore,  rov ing  miner  communicati.ons can  be e s t a b l i s h e d  w i t h  
t h e  s u r f a c e ,  and between s e p a r a t e  coverage u n i t s  a l o n g  haulageways o r  
d i f f e r e n t  s e c t i o n s ,  by adding i n t e r c o n n e c t  equipment a p p r o p r i a t e  t o  each 
method. The w i r e l e s s - v i a - r e p e a t e r  method can u s e  a  r a d i o - t o - c a r r i e r  i n t e r -  
connect  t o  t h e  e x i s t i n g  mine phone l i n e  a t  each r e p e a t e r  l o c a t i o n ,  t o g e t h e r  
w i t h  a  s t a n d a r d  c a r r i e r  phone a t  t h e  surfa .ce  end of t h e  mine phone l i n e .  The 
guided w i r e l e s s  method can u s e  i n t e r c o n n e c t  equipment s i m i l a r  t o  t h a t  f o r  t h e  
w i r e l e s s  method, o r  i n s t a l l  a  s e t  of  a u d i o  and c o n t r o l  l i n e s  connec t ing  a l l  t h e  



r epea t e r  s t a t i o n s  wi th  each o t h e r  and w i t h  a  s u r f a c e  console  s t a t i o n .  The 
l a t t e r  approach i s  t h e  cu r r en t  p r a c t i c e  f o r  Radiax-based guided w i r e l e s s  
systems. 

In  sum, our  i n v e s t i g a t i o n s  revea l  t h a t  UHF w i r e l e s s  s e c t i o n  r a d i o  is  
more e f f e c t i v e ,  p r a c t i c a l  and economical t han  Radiax-based UHF guided w i r e l e s s  
r a d i o  f o r  both s e c t i o n  and haulageway roving miner app l i ca t ions .  Wireless 
s e c t i o n  r ad io  a l s o  provides supe r io r  f l e x i b i l i t y  f o r  e s t a b l i s h i n g  two-way 
communications a t  l o c a t i o n s  t h a t  may temporar i ly  r e q u i r e  w i r e l e s s  coverage 
because of an  emergency o r  maintenance problem. For s t r i c t l y  haulageway 
app l i ca t ions ,  much lower f requencies  and lower cos t  t ransmiss ion  l i n e s  
appear  t o  o f f e r  o t h e r  advantages and a r e  p re sen t ly  being inves t iga ted .  



INTERCONNECTING NEW COMMUNICATIONS 
TO EXISTING SYSTEMS 

by 

Dean ~nderson, William stout, and Howard E. Parkinson 
2 

ABSTRACT 

The Bureau of Mines has developed a number of interfaces devised to 
extend mine communications. 

A selective interface loops back the mine telephone over the mine 
haulage carrier phone and vice versa. Tl~e interface is connected and 
disconnected upon remote command from wiithin the mine or from the surface. 

A unique coupler interfaces the mine telephone to the public phone. 
A preassigned number is dialed upon command from the in-mine pager tele- 
phone, and the two-way communications are established with the selected 
public phone. In addition any public phone can be used by an individual 
who has a special pocket-carried tone geinerator to establish an into-the- 
mine telephone connection to the mine pager telephone system. The in- 
dividual in the mine is paged, and two-way communications can be established 
with any in-mine pager telephone. 

Mine pager communications are selectively coupled into portable two- 
way radio on the section, thus extending mine telephone paging to the 
working face. The coupler also mounts one of the portable two-way radios 
to serve as the centrally located fixed end of the radio link. 

A novel call alert system selectively interfaces with the mine tele- 
phone line. The call alert is activated upon command when a page is in- 
tended for a key individual on a particular section. Each section is 
commanded separately. 

11 Collins Radio Co., Cedar Rapids, Iowa. - 

21 Supervisory electrical research engineer, Industrial Hazards and - 
Communications, Pittsburgh Mining and Safety Research Center, Bureau 
of Mines, Pittsburgh, Pa. 



INTRODUCTION 

U. S. coal mining industry experience has demonstrated that the 
communication requirements of a mine are best met by a combination of 
different communications systems. The industry has wisely selected the 
best solution for each major communication link. The most important and 
least expensive communication system is the hard-wired mine pager type 
telephone used throughout the mine in fixed locations. The other major 
communications system is the trolley wire phone used between the locomo- 
tives and the fixed dispatcher stations. 

As coal mines have grown and mining technology has improved, needs 
have arisen for new and improved communication capabilities which cannot 
adequately be provided by the traditional mine telephones or trolley wire 
carrier phones. These include the following communication needs: 

1. Ability to communicate when the phone line or the trolley 
wire breaks. 

2. Ability to communicate with personnel not in the vicinity 
of a telephone. 

3. Ability to communicate over private channels. 

4.. Ability to deliver important messages during periods of 
heavy communications traffic. 

5. Ability to communicate with surface public phones. 

Several new techniques for mine communications have been under investigation 
and trial by the Bureau of Mines to meet these needs: 

1, Underground phones with manual trunking or automatic exchanges. 

induction radio for section communications. 

3. Medium-frequency induction radio for whole-mine communications. 

4. Very-high-frequency radio for whole-mine communications. 

5. Ultra-high-frequency radio for wireless section communications. 

The following techniques are capable of satisfying the foregoing needs for 
improved mine communications: 

1. Underground phones with manual trunking or automatic switching can 
provide privacy and an interconnection to the public telephone 
system on the surface. Also, a larger number of simultaneous 
communications can take place. 



2. Low-frequency induction radio offers a means of paging and 
communicating directly through tlae mine structure within a 
working section, and through the mine overburden in times of 
emergency. 

3 .  Medium-frequency induction radio can be used with power cables, 
trolley wires, and roof bolts to provide haulageway and section 
paging throughout the mine to ke:y mining personnel carrying pocket 
pagers. 

4. Very-high-frequency radio can be used with leaky, radiating 
coaxial cable or coaxial cable with integral passive antennas, as 
a technique for guiding radio waves throughout the mine haulage- 
ways and entries. This technique can be used to provide whole 
mine communications via radio handy talkies carried by key mining 
personnel. 

5. Ultra-high-frequency (UHF) radio can provide wireless communica- 
tion between key roving miners carrying radio handy talkies 
within a working section, without the aid of additional metallic 
guiding structures. 

HYBRID SYSTEMS 

An objective of the Bureau's development work has been to exploit the 
added capabilities of these new communication techniques by incorporating 
them into existing mine communication systems. The approach adopted is a 
hybrid one, whereby two or more ccnmnunication systems are interconnected 
to take advantage of the benefits of each system. Several hybrid arrange- 
ments have been investigated: 

1. Selective path between trolley wire and telephone pair. 

2. Personal selective paging via telephone and low-to-medium 
frequency induction radio. 

3 .  Personal two-way communications to the section via the mine phone 
line and ultra-high-frequency raldio. 

4, Multichannel carrier telephones interconnected to existing mine 
phone system. 

5. Interconnection of the mine phone to selected public phones. 

Interconnection of equipment is required in order to realize these 
hybrid communication systems. The concepts of interconnection are well 
known. However, it has been necessary to devise new equipment so that 



existing mine communication systems and the new communications equipment 
can be formed into an integrated cmunication network capable of meeting 
all the demands placed on it by an operational mine environment. The 
hybrid systems developed are described below in terms of the communication 
needs they fulfill. 

Need: Ability To Communicate When Phone Line or Trolley 
Wire Breaks 

Solution: Selective Path Between Trolley Wire and Telephone 
Pair 

If a trolley wire or phone line should break, it would be desirable 
to selectively connect the phone wire to the trolley wire inby the break. 
Then a new selective communications path would exist, entering the mine on 
either the phone line or the trolley line, advancing to the point where the 
two systems were connected together, and thereby establishing communications 
beyond the break. The best way to accomplish this capability is to go in- 
side the mine to an extreme inby point, and at that point install an inter- 
connect between the phone line and the trolley wire. To avoid the situa- 
tion of having all the traffic on the trolley wire system superimposed on 
the phone line, the interconnect should be a selective one, activated only 
when communications are not possible on one of the lines. An example of 
this type of hybrid system is seen in figure 1. Femco's trolley phone to 
loudspeaking phone coupler, together with a special tone-actuated latch, 
make up the selective coupler. A functional diagram of the tone-actuated 
latch is shown in figure 2. 
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Coupler 
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FIGURE 1. - Trolley t o  mine phone hybrid, 



Relay 
Contact I Phone Line 

FIGURE 2. - Funct ional diagram of tone-actuated latch. 
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The tone-actuated l a t c h  i s  t h e  h e a r t  of t h e  in terconnect  and i s  
a c t i v a t e d  from any t r o l l e y  phone o r  mine phone i n  t h e  system by key per- 
sonnel equipped with pocket-sized audio tone genera tors .  Once power i s  
appl ied  t o  t h e  coupler ,  t h e  t r o l l e y  phone system and t h e  mine telephone 
system a r e  t i e d  together  through t h e  coupler .  Two-way simplex conver- 
s a t i o n  i s  then poss ib l e  between a mine phone and a t r o l l e y  phone. To d i s -  
connect t h e  systems, t he  audio tone i s  s en t  again. This a c t i v a t e s  t h e  
tone-actuated l a t c h  and unla tches  t h e  power from t h e  s e l e c t i v e  coupler.  

Signal Relay .- 
Tone Decoder Driver Turn On 

Suspected breaks i n  communications l i n e s  may be t e s t e d  f o r  a s  fol lows:  

Phone Line to 
Trolley Line 

Coupler 

A s e l e c t i v e  turn-on s igna l  i s  sen t  i n t o  t h e  mine over t h e  t r o l l e y  wire.  
An at tempt a t  communication i s  made with t h e  s igna l  going i n  on t h e  t r o l l e y  
wire  and coming back out  on t h e  phone l i n e  t o  t h e  sur face .  I f  t h e  s igna l  
i s  heard on t h e  su r face ,  then one can assume t h a t  t h e r e  i s  no break i n  t h e  
l i n e s ,  I f  t h e  s i g n a l  i s  not  heard,  t h e  assumption i s  t h a t  a  break e x i s t s  
i n  one of t h e  l i n e s .  I n  t h e  l a t t e r  event  t h e  s igna l  would r e t u r n  only a s  
f a r  a s  t h e  break i n  t h e  l i n e ,  so t h a t  i f  t h e  ind iv idua l  being paged was in-  
by t h e  break on t h e  phone l i n e ,  he  could now be reached v i a  the  t r o l l e y  
wire  system and t h e  inby s e c t i o n  of t h e  phone l i n e .  Thus, a l l  f ixed  loca- 
t i o n s  on the  phone l i n e  system inby t h e  break would be reached. The same 
reasoning would apply i f  t h e  phone l i n e  were i n t a c t  and t h e  t r o l l e y  l i n e  

Trolley Wire 



broken, provided the equipment on the locomotives were battery operated. 
Then even if the dc trolley power were not present, it would be possible 
to reach inby the break of the trolley wire by going in on the phone line 
to the innermost interconnect point, thereby providing access to the inby 
section of the trolley wire. 

Need: Ability To Communicate With Personnel Not in the 
Vicinity of a Telephone 

Solutions: (1) Paging via Roof Bolts 
(2) Paging via Trolley Line 
(3) Paging via Call Alert 
(4) Two-Way Wireless Section Radio 

These solutions are described in the following paragraphs. 

Roof Bolt Paging System. - fine paging telephones show a drawback in 
that the individual to be reached frequently is not in close proximity to 
a loudspeaking phone. Also, it is a conunon page system on which many in- 
dividuals are normally being paged, so that there is a tendency for in- 
dividuals to ignore the page. Figure 3 shows a block diagram of a whole- 
mine roof bolt paging system that can reach key personnel roving in the 
working sections. 
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I 
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- Bolts - 
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FIGURE 3, - Whole mine paging system interconnects. 
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Two such regions are shown. The first is a call alert keying transmitter. 
A functional diagram of this transmitter is shown in figure 5. A push-to- 
page push button connects power to a 19-kHz oscillator, the output of which 
is amplified in a driver stage and then fed via a transformer and isolating 
capacitor to the phone line. (Operation of the oscillator is verified by 
causing a 2-kHz audio tone to be generated when the oscillator is function- 
ing.) In this way the keying signal is sent into the mine. At an area 
near the load point of the section, the signal is fed to a call alert key- 
ing receiver. A functional diagram of the receiver is shown in figure 6. 
When this receiver detects the keying signal, a relay connects power to a 
call alert transmitter. As may be recalled, this transmitter feeds an 
audio frequency signal to a loop antenna wrapped around a pillar in the 
section. Signals from this loop are picked up by pocket call alert 
receivers, and the person carrying the call alert receiver is notified by 
means of a blinking light or tone that he is being paged. Prototype equip- 
ment for this call alert system was designed and fabricated by Westing- 
house Georesearch Laboratory. 

Push Button 

To Phone Line r'" 
2 kHz Audio 

Monitor 

FIGURE 5. - Ca l l  alert keying transmitter. 

FIGURE 6. - Cal l alert keying receiver. 
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This  system has  been descr ibed  i n  t h e  "Roving Miner Paging" seminar paper 
and t h e  d i scuss ion  he re  p e r t a i n s  only t o  t h e  in te rconnects .  These i n t e r -  
connects a r e  ou t l i ned  wi th  bold l i n e s  on t h e  block diagram. The f i r s t  
in te rconnect  i s  p a r t i a l l y  provided by te lephone company equipment of a 
gene ra l ly  a v a i l a b l e  na ture .  The purpose of t h e  te lephone company equip- 
ment i s  t o  d i r e c t  a l l  l o c a l  ( i n s i d e )  c a l l s  wi th  a p r e f i x  1 t o  a Reach 
encoder. The Reach encoder immediately becomes connected t o  t h e  c a l l i n g  
phone l i n e  and s t o r e s  t h e  next  t h r e e  d i g i t s .  These d i g i t s  are t h e  code 
i d e n t i f i c a t i o n  of pocket page r e c e i v e r s  a l s o  manufactured by Reach, and 
cover 200 p o s s i b l e  codes (000 t o  199). Upon r ecep t ion  of t h e s e  t h r e e  
d i g i t s ,  t h e  encoder genera tes  t h e  corresponding tone  code and feeds  t h i s  
tone  code t o  an  88-kHz Femco t r a n s m i t t e r .  The encoder a l s o  serves  t o  pas s  
along any voice  page message t h a t  t h e  c a l l e r  wishes t o  communicate t o  t h e  
paged person. I n  a d d i t i o n  t o  t h e s e  func t ions ,  t h e  encoder output  s i g n a l s  
s e rve  t o  a c t u a t e  t h e  88-kHz t r ansmi t t e r .  It w i l l  be  r e c a l l e d  t h a t  t h e  88- 
kHz t r a n s m i t t e r  s i g n a l  e n t e r s  t h e  mine on a p i l o t  check wire ,  i s  amplif ied 
by a n  88-kHz Femco r epea t e r  o r  r e p e a t e r s  i n  t h e  mine, and then  i s  appl ied  
t o  roof b o l t s  and received by t h e  pocket pager r e c e i v e r s  c a r r i e d  by key 
i n d i v i d u a l s  on t h e  sec t ion ,  

Tro l ley  Line Paging System. - A second paging system makes use  of 
t h e  concepts and p a r t s  of t h e  88-kHz roof b o l t  system discussed above. 
Rather t han  feeding t h e  output  of t h e  88-kHz t r a n s m i t t e r  t o  t h e  power 
cab le  p i l o t  check wire  and thence through r e p e a t e r s  t o  t h e  roof b o l t s ,  
t h e  88-kHz t r a n s m i t t e r  i s  fed  d i r e c t l y  t o  t h e  t r o l l e y  l i n e .  Persons 
ca r ry ing  88-kHz Reach pocket pagers  can then  be  paged by such a system 
when they a r e  near  t h e  t r o l l e y  l i n e  o r  near  t r a i l i n g  cab le s  going t o  f a c e  
machines. I n  t h i s  way coverage of t h e  haulageways can be  provided f o r  
mines us ing  t r o l l e y  wires .  

C a l l  A l e r t  Paging System. - The c a l l  a l e r t  paging system i s  shown i n  
f i g u r e  4 .  Again, we t r e a t  he re  only t h e  a r e a s  ou t l i ned  i n  bold l i n e s .  
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FIGURE 4 .  - Call alert paging system interconnects. 
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FIGURE 7. - UHF-to-carr ier- hone interface. 

Two-Way Wire less  Sec t i on  Radio Syst:em. - Two-way communication i s  
p o s s i b l e  today i n  t h e  mine us ing  UHF h a r F  t a l k i e s .  These u n i t s  can be 
i n t e r f a c e d  t o  a  c a r r i e r  phone which i s  c:oupled t o  t h e  su r f ace  e i t h e r  v i a  
t h e  t r o l l e y  w i r e  o r  mul t ip lexed  on to  t h e  nonnal mine te lephone l i n e .  The 
frequency of t h e  c a r r i e r  phone w i l l  b e  d i f f e r e n t  from t h e  mine ' s  nonnal 
t r o l l e y  phone frequency t o  p revent  i n t e r f e r e n c e  w i th  nonnal t r o l l e y  phone 
communications. Communication between t h e  s u r f a c e  and a  roving miner on 
t h e  s e c t i o n  w i l l  t h e n  be  p o s s i b l e  v i a  a  s u r f a c e  c a r r i e r  phone coupled t o  
e i t h e r  t h e  mine phone l i n e  o r  t h e  t r o l l e y  w i r e ,  which i s  i n  t u r n  coupled 
t o  a  matching c a r r i e r  phone and a  s p e c i a l  i n t e r f a c e  u n i t  on t h e  s e c t i o n ,  
The i n t e r f a c e  u n i t  couples  t h e  s e c t i o n  c a r r i e r  phone t o  a  s t a t i o n a r y  UHF 
r a d i o  handy t a l k i e  t h a t  can  communicate t o  a  p o r t a b l e  UHF r a d i o  handy 
t a l k i e  c a r r i e d  by a  key miner.  A p ro to type  system designed f o r  u s e  by t h e  
Bureau of Mines u s e s  two MSA 1601P c a r r i e r  phones, one C o l l i n s  Radio Coo,  
UHF t o  c a r r i e r  phone i n t e r f a c e  u n i t ,  and two Motorola ~ T 2 2 0  UHF handy 
t a l k i e s  a s  shown i n  f i g u r e  7 ,  A b lock  diagram of  t h e  system i s  shown i n  
f i g u r e  8. A photo of t h e  i n t e r f a c e  u n i t  wi th  a  HT220 t r a n s c e i v e r  mounted 
i n  i t  i s  shown i n  f i g u r e  9. 
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FIGURE 8. - UHF-to-carrier-phone interface b lock diagram. 

The interface unit can be installed either in the vertical or horizontal 
position. However, based on recent UHF propagation data taken in coal 
mines, the orientation for best section coverage is horizontal. 

Need: Ability To Communicate Over Private Channels, and 
Deliver Important Messages During Periods of Heavy 
Communications Traffic 

Solution: Multichannel Carrier Telephone Interconnected to 
Existing Mine Phone System 

Sometimes a mine phone system becomes tied up, for example when a 
maintenance man is working out a complicated repair problem with his 
foreman on the surface. Carrier telephone systems can overcome this 
tie-up by establishing private channels over the present mine phone line. 
To interconnect this equipment, it is necessary that the mine phone line 
equipment be :ornpatible with the carrier equipment. New mine communica- 
tions carrier equipment called Mine Telephone Grade Carrier will be 
developed by the Bureau of Mines. This equipment will be readily connect- 
able to the mine phone line to provide a private channel. 

Carrier over the mine phone line can provide not only a private 
channel, but also additional channels. This multichannel concept is 



FIGURE 9. - UHF-to-carrier interface with 
UHF portable transceiver. 



often called trunking, whereby the phone line can be used by selecting at 
each carrier phone, one of the carrier channels that is not busy. The 
mine telephone line is thereby not dedicated to single conversations nor 
to any one particular purpose such as communication with the dispatcher or 
with the section foreman. To accommodate the necessary communications 
traffic, a group of extra carrier channels can be supplied on each section 
phone and each of the main surface phones. A total of five channels could 
easily be achieved in this way. 

Need: Ability To Communicate With Surface Public Telephones 

Solution: Interconnection of Mine Paging Telephone to Selected 
Public Telephones 

An interconnect device is now available that permits mine paging 
telephones to be interconnected with the public phone system on a se- 
lective basis. The intent of this system, illustrated in figure 10, is 
to provide greater off-hours or emergency communication capability. The 
system enables a person at a mine pager phone to gain access to the public 
phone system and call one or more preselected phone numbers. Likewise it 
permits access to the mine pager phone system from any public phone that 
can dial a selected telephone number at the mine, subject only to the con- 
dition that the caller have the required audio tone generator to initiate 
the interconnect between the public phone and the mine pager phone system. 
Similarly, a person calling from inside the mine must also have an audio 
tone generator to initiate the outgoing interconnect to the public phone 
system. 

I 
Selective I 40% 1 nterconnect 

I 1 Auto Answerb 
Mine Office ----- - ----- I I 

Public Phone - 

I 
PBX 

7 d-1 Generator 

i 

1 Mine 

. 

ludspeaking Phone 

Phone Line 

I Loudspeaking Phone I 
I I 

8 

Sect io n L ----,--,,, J 

FIGURE 10. - Publ ic-to-mine-phone interconnect. 



I f  a person i n  t h e  mine i s  equipped wi th  t h e  small hand held tone 
genera tor  and wants t o  reach a prearranged pub l i c  te lephone number from 
h i s  mine phone, he  sends t h e  tone  v i a  t h e  mine phone t o  a te lephone i n t e r -  
connect u n i t  on t h e  sur face .  A t  t h i s  su r f ace  in t e rconnec t ,  t h e  tone  i s  
de t ec t ed  and a c t i v a t e s  a r e l a y  which i n  t u r n  d i a l s  t h e  p r e s e t  te lephone 
number. System ope ra t ion  i s  i l l u s t r a t e d  by t h e  flow diagram of f i g u r e  11. 
Once t h e  pub l i c  te lephone i s  answered and t h e  conversa t ion  i s  concluded, 
t h e  te lephone must be disconnected from t:he mine phone l i n e .  

FIGURE 11. - Operational f low diagram public telephone-to-mine pager phone interconnect 
system, 

This  i s  a l s o  accomplished by t h e  sending of  t h e  audio tone ,  o r  by an  auto-  
mat ic  time-out c i r c u i t .  When a person c a l l s  t h e  s e l ec t ed  mine pub l i c  
te lephone number from t h e  ou t s ide ,  t h e  in.terconnect u n i t  answers t h e  phone, 
and upon r ecep t ion  of t h e  audio tone  from t h e  ou t s ide  pa r ty ,  connects  t h e  
incoming c a l l  d i r e c t l y  t o  t h e  mine pager phone l i n e ,  thereby enabl ing t h e  
c a l l i n g  person t o  page and t a l k  t o  t h e  de.sired person i n  t h e  mine. 



This telephone interconnect unit is a small desk-top or wall-mount- 
ed unit that connects directly to both the public telephone line and the 
mine pager phone line, and requires no modifications to either the public 
dial telephone or mine pager phones. The interconnect unit and a hand held 
audio tone generator are shown in figure 12. This type of telephone inter- 
connect was first conceived and demonstrated by the Bureau of Mines, 
Pittsburgh Mining and Safety Research Center. The present third-generation 
prototype units were designed and fabricated by Arthur D. Little, Inc., 
under contract to the Bureau. 

FIGURE 12. - Public telephone-to-mine pager phone interconnect unit and handheld audio 
tone generator. 

SUMMARY 

Today's mine phone and trolley or carrier phone system can be greatly 
expanded with the use of currently available communication equipment and 
the appropriate interfaces developed by the Bureau of Mines. Not only can 
operational communications be improved for greater productivity, but also 
emergency communications can be provided to increase mine safety. Table 1 
shows a selection of new communications and interface equipment that is 
either currently available to the mining industry or will be in the near 
future. 
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