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ABSTRACT 

This  paper desc r ibes  t h e  Bureau o f  Mines 
e f f o r t s  i n  t h e  research and development o f  
a  new and i n n o v a t i v e  mine l i g h t i n g  system 
which i s  based on f i b e r  o p t i c s  techno- 
logy.  The new l i g h t i n g  concept o f f e r s  
s i g n i  f i c a n t  advantages over convent; onal 
systems i n  t h e  areas o f  bo th  s a f e t y  
and 1  ong- t e r m  mai ntenance cos ts .  An 
o v e r v i e w  o f  Bureau research i n t o  t h e  
problems and 1  i m i t a t i o n s  o f  present-day 
mine l i g h t i n g  systems i s  a l s o  presented. 

INTRODUCTION 

Congress recogni  zed t h e  essen t i  a1 need f o r  
b e t t e r  l i g h t i n g  i n  t h e  m in ing  workplace i n  
t h e  Federal Coal Mine Hea l th  and Safety  
Acts  of 1 9 6 9  and 1 9 7 7 .  Today, 85 percent  
o f  r e q u i r e d  underg round  c o a l  m i n i n g  
machinery i s  equipped w i t h  an approved 
l i g h t i n g  system, rep resen t ing  one o f  t h e  
most e v o l u t i o n a r y  changes t o  t h e  m in ing  
environment i n  t h e  l a s t  decade. Although 
cons?  d e r a b l  e  p r o g r e s s  has been made 
t o w a r d s  p r o v i d i n g  b e t t e r  l i g h t i n g  and 
consequen t  1  y  i n c r e a s e d  v i s i  b i  1  i t y  and 
s a f e t y  i n  m i n i n g  e n v i r o n m e n t s ,  many 
p r o b l e m s  and a r e a s  o f  i n v e s t i g a t i o n  
remai n  . 

OVERVIEW OF MINE LIGHTING PROBLEMS 

C o n c e p t u a l l y ,  t h e  n o t i o n  o f  p r o v i d i n g  
l i g h t i n g  i n  underground coal  mines appears 
simple, b u t  i t s  implementat ion i s  f i l l e d  
w i t h  s u b t l e  and complex problems. Recent 
e f f o r t s  of t h e  Un i ted  Mine Workers o f  
h e r ;  ca/ Bituminous Coal Operator Asso- 
c i  a t ?  on (UMWA/BCOA) J o i n t  I n d u s t r y  Hea l th  
and Sa fe ty  Committee i n  cooperat ion w i t h  
Mine S a f e t y  and Hea l th  A d m i n i s t r a t i o n  
(MSHA) personnel have i n v o l v e d  surveys [ I ]  
o f  ill uminat ion compla in ts  and problems i n  
l ow and h i g h  seam coal  mines. Resu l t s  
o f  t h e  surveys revealed t h a t  a  l a r g e  
p o r t i o n  o f  t h e  miners have compla in ts  
abou t  t h e  pe r fo rmance  and des ign o f  
e x i s t i n g  l i g h t i n g  systems. Most o f  t h e  
compl a i  n t s  a r e  caused by v i  s f  on impedance 
( d i  s c o m f o r t  g l a r e ,  d i s a b i l i t y  g l a r e ,  
ve i  1  i ng r e f 1  e c t i  ons , and a f t e r  images) 

from t h e  l i g h t  sources. I n  many cases t h e  
compla in ts  a re  so severe ( p a r t i c u l a r l y  i n  
low-seam coal  mines) t h a t  a  l a r g e  propor- 
t i o n  o f  t h e  m i n e r s  p r e f e r  t h a t  t h e  
1  i g h t i  ng systems be removed. F o l l  owup 
s t u d i e s  b y  t h e  Bureau o f  t h e  g l a r e  
t o l e r a n c e  l e v e l s  o f  miners 121 have shown 
t h a t  t h e  l e v e l  o f  g l a r e  created by a  
t y p i c a l  underground mine l i g h t i n g  system 
exceeds t h e  t o l e r a n c e  l e v e l  o f  t h e  average 
miner .  Other s t u d i e s  by t h e  Bureau 133 
have shown t h a t  t h e  cos t  o f  m a i n t a i n i n g  
machine-mounted 1  i g h t i  ng systems has been 
r e l a t i v e l y  h igh .  The h i g h  maintenance 
cos ts  can be p r i m a r i l y  a t t r i b u t e d  t o  t h e  
c o s t  of t h e  lumina i res ,  which a re  f r e -  
quen t l y  damaged. Frequent l amp f a i  1  ures 
coup1 ed w i t h  t i m e  consuming change-out 
p r o c e d u r e s  a1 so c o n t r i b u t e s  t o  t h e  
problem. 

Most o f  t h e  mine l i g h t i n g  systems on t h e  
market today were designed severa l  years 
ago, e i t h e r  j u s t  p r i o r  t o  o r  s h o r t l y  a f t e r  
t h e  promulgat ion o f  t h e  Federal l i g h t i n g  
r e g u l a t i o n s .  At t h a t  t ime ,  most of t h e  
des ign emphasis was p laced on develop ing 
h i g h  1  i g h t - o u t p u t  1  uminai res  t h a t  would 
p rov ide  t h e  l i g h t  l e v e l s  requ i red  by  t h e  
r e g u l a t i o n s ,  w i t h  1  i t t l e  o r  no emphasis 
was placed on t h e  problem o f  g l a r e .  The 
h i g h  1  i g h t - o u t p u t  f i x t u r e s  were des i  r a b l  e  
because fewer l u m i n a i r e s  ( l ower  cos t )  
would be needed on each machine t o  b r i n g  
them i n t o  compliance. As t h e  number of 
1  i g h t i  ng i n s t a l l  a t i  ons increased,  more and 
more compla in ts  were made by t h e  miners 
about t h e  1  i g h t i n g  systems causing v i s i o n  
impedance problems. I n  a d d i t i o n ,  com- 
p l a i n t s  were made about t h e  equipment 
be ing u n r e l i a b l e  and c o s t l y  t o  ma in ta in .  
Over t h e  years,  some improvements have 
been made on t h e  r e l i a b i l i t y  o f  t h e  
equipment, bu t  ma; ntenance cos ts  a re  s t ?  11 
r e l a t i v e l y  h i g h  owi-ng t o  t h e  f requent  
damaging o f  t h e  luminaires, which ou t  o f  
n e c e s s i t y  a r e  p l a c e d  i n  v u l  n e r a b l  e  
l o c a t i o n s  on t h e  machines. Few at tempts 
have been made t o  r e s o l v e  t h e  g l a r e  
problem. Approaches t o  t h e  problem, t o  
d a t e ,  have i n v o l v e d  changes i n  t h e  
regul  a t ?  ons ( i nc reas ing  t h e  assumed va l  ue 
of  coal  r e f l e c t a n c e ) ,  which i n  e f f e c t  
1  owered t h e  requ i  r e d  1  i g h t i  ng 1  eve1 s  . The 



n e t  e f f e c t  on r e s o l v i n g  t h e  g l a r e  problem 
has been m in ima l .  

STATUS OF PRESENT TECHNOLOGY 

C u r r e n t l y ,  s i x  m a n u f a c t u r e r s  (Crouse 
Hi nds, McJunki n  , Mine S a f e t y  Appl i ance , 
N a t i  ona l  Mi ne Serv i ce ,  Ocenco , and Serv i ce  
Machi  n e )  o f f e r  MSHA-approved 1  i g h t i n g  
systems f o r  underground c o a l  mine a p p l i -  
c a t i o n s  [4]. A  v a r i e t y  of  l i g h t  sources 
a r e  a v a i l a b l e ,  i n c l u d i n g  f l u o r e s c e n t ,  
h igh -p ressu re  sodium, mercury  vapor,  and 
incandescent  . Popul a r i  t y  o f  p a r t i c u l a r  
t ypes  o f  l i g h t  sources and systems v a r i e s  
w i t h  t h e  a p p l  i c a t i o n  and i n d i  v i d u a l  
pre ferences.  

A l l  o f  t h e  l i g h t i n g  systems can be - .  

c a t e g o r i  zed i n t o  two bas? c  t ypes ,  i n t r i  n- 
s i c a l l y  s a f e  a n d  e x p l o s i o n  
F luo rescen t  systems a r e  most popu la r  and 
more f r e q u e n t l y  used because o f  t h e i  r 
re1 a t i v e l y  l ower  g l a r e  c h a r a c t e r i  s t i c s ,  
a1 though incandescent  systems a r e  g a i n i n g  
p o p u l a r i t y  because o f  t h e i r  l e s s  s o p h f s t i -  
ca ted  power ing requ i rements ,  l ower  c o s t ,  
and a v a i l a b i l i t y  o f  t h e  lamps. High- 
i n t e n s i  t y  d i s c h a r g e  (HID) 1  amp systems 
(e.g ., h igh -p ressu re  sod i  um and mercury  
vapor) a r e  more w i d e l y  used i n  h i g h  coa l  
appl  i c a t i o n s ,  where these  re1  a t f v e l y  h i g h  
l i g h t - o u t p u t  f i x t u r e s  a r e  d e s i r a b l e .  
P r e s e n t l y ,  v e r y  few HID systems a r e  
i n s t a l l e d  i n  l o w  c o a l  because o f  t h e ?  r 
h i g h e r  p r o f  i 1 e des ign  and h i g h e r  g l  a r e  
cha rac te r ;  s t ;  c s  . 

COMPARISON OF FIBER OPTICS CONCEPT 
AND PRESENT MINE LIGHTING TECHNOLOGY 

Present  s t u d i e s  o f  t h e  Bureau have shown 
t h a t  t h e  a p p l i c a t i o n  o f  f i b e r  o p t i c s  t o  
t h e  des ign  o f  mine l i g h t i n g  systems o f f e r s  
a  p o t e n t i a l  s o l u t i o n  t o  most o f  t h e  
i d e n t i f i e d  problems. The f i b e r  o p t i c s  
sys tem,  a1 t h o u g h  s i m p l e  c o n c e p t u a l l y ,  
o f f e r s  an o p p o r t u n i t y  t o  s i g n i f i c a n t l y  
advance t h e  s t a t e - o f - t h e - a r t .  To f u l  l y  
e l  u c i d a t e  t h e  concept and i t s  p o t e n t i  a1 
advantages ove r  conven t i ona l  mine l i g h t i n g  
systems, a  comparat ive  a n a l y s i s  i s  g i ven  
be1 ow. 

A t y p i c a l  mine l i g h t i n g  system c o n s i s t s  
b a s i c a l l y  of f i v e  1  uminai  r e s  d i s t r i b u t e d  
around t h e  p e r i p h e r y  o f  t h e  main  f rame o f  
a  m i n i n g  machine as shown i n  f i g u r e  1. 
The 1  uminai  r e s  a r e  r e l a t i v e l y  expens ive 
owi ng t o  t h e i  r exp l  o s i  on-proof cons t ruc -  
t i o n  and a r e  f r e q u e n t l y  b r o k e n  and 
r e l a t i v e l y  t i m e  consuming and c o s t l y  t o  
rep lace .  . S ince  t h e  l i g h t  sources a r e  
c o n t a i n e d  i n  t h e  l u m i n a i r e s ,  t h e  
l u m i n a i r e s  a r e  heavy and l a r g e ,  and have a  
h i g h  p r o f i l e ,  wh ich f u r t h e r  c o n t r i b u t e s  t o  
t h e i r  v u l n e r a b i l i t y .  Power t o  t h e  l i g h t  
s o u r c e s  i s  s u p p l  i ed th rough  e l e c t r i -  

c a l  cab les  and pack ing  g lands  f rom a main 
power  s u p p l y  o r  b a l l a s t  b o x .  The 
e l e c t r i c a l  cab les  a r e  r o u t e d  around t h e  
machine and a r e  s u b j e c t  t o  damage, which 
can p resen t  a  p o t e n t i a l  shock hazard. A 
summary component a n a l y s i s  shows t h a t  a  
t y p i c a l  system c o n s i s t s  o f  23 components 
(6XP enc losures,  6  e l e c t r i c a l  cab les ,  11 
p a c k i n g  g l  ands )  t h a t  r e l a t e  d i r e c t l y  
t o  t h e  s a f e t y ,  c o s t  and m a i n t a i n a b i l i t y  o f  
t h e  system. 

FIGURE 1. - T y p i c a l  mine l i g h t i n g  system 

I n  comparison, t h e  f i b e r  o p t i c s  l i g h t i n g  
system ( f i g u r e  2 )  c o n s i s t s  o f  a  s i n g l e  
e x p l o s i  on p r o o f  enc losu re  which houses t h e  
power supp ly  and i n d i v i d u a l  1  i g h t  sources. 
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FIGURE 2. - F i b e r  o p t i c s  l i g h t i n g  system 

The l i g h t  f rom t h e  sources i s  p iped  o u t  
o f  t h e  enc losu re  th rough  f i b e r  o p t i c s  
c a b l e s .  These f i b e r  o p t i c s  c a b l e s  
a r e  t e r m i n a t e d  w i t h  l i g h t - d i f f u s i n g  
a s s e m b l  Yes w h i c h  i n  e f f e c t  r e p l a c e  
t h e  e x p l o s i o n  p r o o f  1  uminai  r e s  c o n t a i n i n g  
1  i g h t  s o u r c e s .  S i  nce t h e  d i f f u s i n g  
assembl ies c o n t a i n  no l i g h t  sources o r  
e l e c t r i c a l  power sources, t h e y  need n o t  be 
e x p l o s i o n  p r o o f  and can be c o n s t r u c t e d  
i nexpens i ve l y .  Fur thermore,  t h e y  can be 
c a s t  o r  molded o f  p l a s t i c  and made i n  a  
v a r i e t y  o f  shapes and s i z e s  w.ith a  ve ry  
l ow  p r o f i l e .  Because o f  t h e i r  l o w  p r o f i l e  
and s o l  i d  c o n s t r u c t i o n ,  t h e y  wi 11 be l e s s  
v u l n e r a b l e  t o  damage. I n  event  damage d i d  
occur ,  t h e y  c o u l d  be rep laced  e a s i l y  and 
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i n e x p e n s i v e l y .  A1 so, t h e  d i f f u s i n g  
assemblies can be designed w i t h  a l a r g e r  
su r face  area so t h a t  t h e  l i g h t  wi 11 be 
spread ou t  more u n i f o r m l y  and w i t h  a lower  
s u r f a c e  b r i g h t n e s s  and l o w e r  g l a r e  
c h a r a c t e r i s t i c s .  The f i b e r  o p t i c s  concept 
a lso  e l i m i n a t e s  most o f  t h e  e l e c t r i c a l  
cables and packing glands i n  t h e  system. 
The e l im 'na t ion  o f  t h e  e l e c t r i c a l  cables 
reduces t h e  p o t e n t i a l  shock hazards o f  
convent ional  systems, and i n  event o f  
damage, t h e  t i m e  consuming t a s k  o f  
rep lac ing  t h e  cab le  and repacking. A 
summary component a n a l y s i s  o f  t h e  f i b e r  
o p t i c s  system shows a reduc t ion  i n  t h e  
number o f  components from 23 t o  3 (1 
exp los i  on-proof enclosure, 1 e l e c t r i c a l  
cab le ,  1 packing g land) .  Th is  s i g n i f i c a n t  
reduc t ion  i n  t h e  number o f  c r i t i c a l  com- 
ponents r e l a t e s  d i r e c t l y  t o  t h e  safety ,  
cos t ,  and ma? n t a i n a b i  1 i t y  o f  t h e  system. 

CONCEPTUAL MODEL DEVELOPMENT 

Once t h e  f i b e r  o p t i c s  system was con- 
c e p t u a l  i zed, a p r o t o t y p e  system was 
designed t o  demonstrate t h e  f e a s i b i l i t y  o f  
t h e  concept. The conceptual model ( f i g u r e  
3) consis ted o f  a complete s i x - l i g h t ,  
machine mountable l i g h t +  ng system which 
inc luded  a main l i g h t  source and power 
supply enclosure, associated f i b e r  o p t i c s  
cables, and d i f f u s i n g  assemblies. 

FIGURE 3. - Conceptual model f i b e r  o p t i c  
mine l i g h t i n g  system 

Off-the-she1 f, 80 wat t  tungsten halogen 
s l i d e  p r o j e c t o r  lamps ( f i g u r e  4) were 
chosen as a l i g h t  source and powered by a 
24 v o l t ,  c o n s t a n t - v o l t a g e  stepdown 
t r a n s f o r m e r  fed  from a 120 VAC l i n e  
( f i g u r e  5 ) .  These lamps were chosen 
because o f  t h e i r  r e l a t i v e l y  h igh  source 
br ightness,  small  source s ize ,  and good 
p r o j e c t i o n  e f f i c i e n c y .  

The enclosure design ( f i g u r e  6) was o f  
convent? onal expl o s i  on-proof box construc- 
t i o n  w i t h  a f l a n g e  and b o l t e d  l i d .  The 

FIGURE 4. - 80 wat t  tungsten halogen 
p r o j e c t i o n  lamp 

FIGURE 5. - 24 v o l t  lamp power supply  

beam o f  l i g h t  from t h e  p r o j e c t i o n  lamps 
e x i t s  t h e  enc losure through explos ion-  
p roo f  o p t i c a l  windows and i s  focused on 
t h e  ends o f  t h e  f i b e r  o p t i c s  cables, which 
are b u t t e d  up aga ins t  t h e  windows. The 
f i b e r  o p t i c s  cables a re  1/2 i n c h  d iameter  
and are t h e  standard v a r i e t y  used i n  t h e  
p h o t o e l e c t r i c  contra1 s indus t ry .  They are 
covered w i t h  a f l e x i b l e  s t e e l  sheath f o r  
p r o t e c t i o n  ( f i g u r e  71, much t h e  same as 
armored e l e c t r i c  cab1 es. The o ther  end o f  
t h e  cab le  i s  terminated w i t h  a d i f f u s i n g  
assembly which i s  used t o  spread t h e  
i n t e n s e  narrow beam o f  l i g h t  which e x i t s  
t h e  cab le  and ac t  as a low g l a r e ,  r e l a -  
t i v e l y  d i f f u s e  secondary source f o r  area 
1 igh t in .g  ( f i g u r e  8 ) .  The d i f f u s i n g  
assembl ~ e s  a re  so l  i d  cas t  us ing c l e a r  
urethane res in .  They were designed t o  
have a low p r o f i l e  so as t o  minimize t h e i r  
p r o j e c t i o n  h e i g h t  when mounted on a m in ing  
machine and reduce p o t e n t i a l  damage. The 
bottom sur face i s  curved and pa in ted  wh i te  
t o  a c t  as a r e f l e c t o r  ( f i g u r e  9 ) .  The t o p  

14 surface was sanded w i t h  f i n e  g r a i n  emery 



p a p e r  t o  i m p r o v e  i t s  d i f f u s i n g  
p r o p e r t i e s .  The f i n a l  8 by 10 i n c h  
d i f f u s i n g  assembly prov ides r e l a t i v e l y  low 
g l a r e  c h a r a c t e r i s t i c s  when compared t o  
convent ional  mine 1 un ina i  r e s  . 

FIGURE 6. - Explos ion-proof  lamp and power 
supply enc losure 

FIGURE 7 .  - F i b e r  o p t i c s  cab le  w i t h  
armored sheath -- 

FIGURE 8. - L i g h t  d i f f u s i n g  assembly 15 

FIGURE 9. - D i f f u s i n g  assembly design 

Tests performed on t h e  model have demon- 
s t r a t e d  t h a t  t h e .  concept i s  f e a s i b l e ,  
a l though severa l  major t e c h n i c a l  problems 
must be overcome be fo re  t h e  system can 
become a p r a c t i c a l  and commerc ia l  
r e a l i t y .  

MAJOR TECHNICAL PROBLEMS 

I n  order  f o r  t h e  concept t o  become a 
p r a c t i c a l  r e a l i t y ,  two major problem areas 
must be addressed: 

(a) Inadequate l ight  output from the 
system - Present l i g h t i n g  r e g u l a t i o n s  f o r  
underground coal  mines r e q u i r e  t h a t  t h e  
s u r f a c e s  o f  a d e f i n e d  w o r k p l a c e  be 
i l l u m i n a t e d  t o  a va lue o f  -06 f o o t  
lambert . Assuming a nominal r e f l e c t i v i t y  
o f  4% f o r  coal  sur faces and a s a f e t y  
f a c t o r  o f  .77 f o r  lamp maintenance, t h e  
.06 f o o t  l a m b e r t  o f  r e f l e c t e d  l i g h t  
from a sur face  equates t o  approx imate ly  
1.95 f o o t  candles o f  l i g h t  i n c i d e n t  on t h e  
sur face as shown below: 

where E = i l l uminance  i n  f o o t  candles 
L = luminance i n  f o o t  lamberts 
e = r e f l e c t a n c e  

The conceptual model equipped w i t h  an 80 
wat t  tungsten halogen lamp and a 15- foo t  
g lass f i b e r  o p t i c s  cable and d i f f u s i n g  
assembly i s  capable o f  ill uminat ing a 
surface 6 f e e t  away t o  approx imate ly  .32 
f o o t  c a n d l e .  T h i s  i s  a p p r o x i m a t e l y  
one-s ix th o f  t h e  amount o f  i n c i d e n t  l i g h t  
requ i red  t o  meet t h e  r e g u l a t i o n s  . 



(b )  Overheating o f  the l i g h t  source and 
power supply enclosure - As mentioned 
prev ious1 y, t h e  present  conceptual model 
c o n s i s t s  o f  s i x  80 wat t  tungsten halogen 
lamps, which a re  conta ined i n  a  s i n g l e  XP 
enc losure.  Th is  amounts t o  a  t o t a l  of 
approx imate ly  480 wa t ts  o f  power ( n o t  
i n c l  uding t h e  power consumption o f  t h e  
t rans fo rmer )  and i t s  r e s u l t a n t  heat t h a t  
must be d i s s i p a t e d .  As a  consequence o f  
t h a t  amount o f  power and t h e  enc losure 
des i gn , t h e  enc losure overheats. The 
overheat ing problem i s  no t  j u s t  a  problem 
o f  t h e  enc losure exceed? ng t h e  o v e r a l l  
su r face  temperature requirements o f  MSHA's 
schedule 2G ( l e s s  than 150 C), b u t  i s  a l s o  
a  p r o b l e m  o f  e x c e e d i n g  t h e  maximum 
opera t ing  temperature o f  t h e  components 
conta ined i n  t h e  enc losure,  such as lamp 
sockets, 1  eads, capac i to rs ,  t rans fo rmer  
windings, e t c .  

SOLVING THE PROBLEMS 

A major  key t o  t h e  s o l u t i o n  o f  both 
prob lems ( l o w  l i g h t  ou tpu t  and over- 
hea t ing )  1  i e s  i n  t h e  development of a  new 
l i g h t  source t h a t  w i l l  produce a  h igher  
l i g h t  ou tpu t  and a t  t h e  same t i m e  generate 
l e s s  heat .  To address t h e  problem o f  t h e  
l i g h t  source, a  c o n t r a c t  was awarded t o  a  
major 1  amp manufacturer  t o  rev iew e x i s t i n g  
1  amp technol  ogy and make recommendations 
f o r  t h e  development  o f  a  lamp w i t h  
s u f f i c i e n t  1  i g h t  o u t p u t  and o p t i c a l  
coup1 i ng e f f i c i e n c y  f o r  t h i s  appl i c a t i o n .  
On t h e  bas is  o f  t h e  technology review, i t  
was determined t h a t  t h e r e  were no o f f - t h e -  
she1 f 1  i g h t  sources avai 1  ab le  f o r  t h i s  
a p p l i c a t i o n ,  bu t  t h a t  t h e  technology d i d  
e x i s t  t o  develop such a  lamp. 

Based on t h e  a p p l i c a t i o n  requirements o f  
h i g h  b r igh tness ,  low heat generat ion,  l o n g  
l i f e ,  and compact and rugged design, 
s h o r t - a r c  metal h a l i d e  technology was 
recommended. Tungsten ha1 ogen technol  ogy 
was r u l e d  ou t  because o f  i t s  h i g h  heat 
p r o d u c t i o n  and s h o r t  opera t ing  l i f e ;  
t h i s  i s  p a r t i c u l a r l y  t r u e  f o r  a  m in ing  
environment , where i t  would be subjected 
t o  h i g h  shock and v i b r a t i o n .  

A  c a l  c u l  a t i  on o f  t h e  1  amp ou tpu t  requ i  red 
us ing  measurements o f  t h e  e f f i c i e n c y  es o f  
t h e  l i g h t  l o a d i n g  assembly  ( o p t i c a l  
window, 15 f o o t  l e n g t h  o f  f i b e r  o p t i c  
c a b l e ,  and d i f f u s e r )  and assuming a  
c o l l  e c t i o n  o r  de l  i very  e f  f i c i  ency o f  35% 
f o r  t h e  lamp r e f l e c t o r  i n d i c a t e s  t h a t  an 
i l l u m i n a t i o n  o f  2  f o o t  candles a t  6  f e e t  
away from t h e  d i f f u s e r  would r e q u i r e  a  
6,600- 1  umen source. 

where 0 = luminous f l u x  o f  t h e  source 
E  = i l l u m i n a n c e  a t  a  d i s tance  o f  6  

f e e t  from t h e  d i f f u s e r  
D = d i s tance  from t h e  d i f f u s e r  

Z c o l  . = c o l l  e c t i o n  e f f i c i e n c y  o f  t h e  
1  amp r e f 1  e c t o r  

$win. = t ransmiss ion  e f f i c i e n c y  o f  t h e  
1 / 2 - i n c h - t h i c k  o p t i c a l  wi ndow 

?cab le  = t ransmiss ion  e f f i c i e n c y  o f  a  
15 - foo t  f i b e r  o p t i c  cab le  

d i f .  = t ransmiss ion  e f f i c i e n c y  o f  t h e  
d i f f u s e r  

Assuming a  c o l l  e c t i o n  e f f i c i e n c y  of .35 
f o r  t h e  lamp r e f l e c t o r  and measured values 
o f  T wi ndow = .95, fl cab1 e  = .23, 
Z d i f f u s e r  = .45, then  

The search f o r  a  s u i t a b l e  lamp con f igu ra -  
t i o n  and technology began w i t h  a  40-watt ,  
s h o r t  arc  metal h a l i d e  lamp. The 40 w a t t  
c o n f i g u r a t i o n  was chosen because o f  our 
p a r t i c u l a r  appl i c a t i  on, which i s bas; c a l  l y  
a  p r o j e c t i o n  system requirement r a t h e r  
t h a n  a  g e n e r a l  o r  area i l l u m i n a t i o n  
requ i  rement . Our appl i c a t i  on requ i  r e s  no t  
o n l y  a  h i g h  1  m e n  ou tpu t  (6,600 lumens) , 
b u t  a l s o  a  smal l  source s i z e  ( h i g h  source 
b r i g h t n e s s ) ,  so t h a t  t h e  ou tpu t  energy can 
be conven ien t l y  c o l l e c t e d  and p r o j e c t e d  
i n t o  t h e  smal l  1 /2 - inch  aper tu re  o f  t h e  
f i b e r  o p t i c  cable.  Th is  dual requirement 
o f  bo th  h i g h  lumen ou tpu t  and h i g h  source 
b r igh tness  presents  a  problem, s ince  a  
40-watt ,  shor t -a rc  tube  can generate ( w i t h  
normal design baundaries) 58 lunens per 
wa t t  o r  a  t o t a l  o f  2,320 lumens (58 
lumens/watt  x  40 w a t t s ) .  Th is  i s  approx i -  
m a t e l y  o n e - t h i r d  o f  t h e  lumen ou tpu t  
requ i red .  One might  ask, "Why no t  move up 
t o  a  h igher  wattage a rc  tube con f igu ra -  
t i o n ? "  Th is  so l  u t i o n  i s  n o t  s a t i s f a c t o r y ,  
s ince  us ing t h e  h igher  wattage arc  tube 
means an inc rease  i n  t h e  s i z e  o f  t h e  a rc  
tube  and i n  e f f e c t  lowers t h e  source 
b r igh tness  o f  t h e  lamp and t h e  c o l l e c t i o n  
e f f i c i e n c y .  

There a re  two bas ic  areas o f  p o t e n t i a l  
s f  g n i  f i c a n t  improvement by which t h e  
ou tpu t  o f  t h e  system can be increased:  
The standard 40-watt  arc  tube  des ign can 
be mod i f i ed  t o  improve t h e  ou tpu t ,  and t h e  
e f f i c i e n c y  o f  t h e  1  i g h t - l o a d i n g  assembly 
( f i b e r  o p t i c s  c a b l e s  and d i f f u s e r s )  
can be improved. Consider ing t h e  amount 
o f  improvement needed, bo th  areas wi 11 
have t o  be addressed. 

(a )  Lamp M o d i f i c a t i o n s :  As p r e v i o u s l y  
d i s c u s s e d ,  a  4 0 - w a t t  shor t -a rc  metal 
ha1 i d e  lamp o f  standard des ign i s  capable 
o f  genera t ing  approx imate ly  2,300 1  unens, 

16 which i s  f a r  s h o r t  o f  t h e  lunen ou tpu t  



r e q u i  r e d  f o r  our  appl  i c a t i o n  . Normal l y ,  
a r c  d i s c h a r g e  lamps such as t h e  meta l  
h a l i d e  have r a t h e r  l o n g  o p e r a t i n g  l i v e s ,  
u s u a l l y  i n  excess of  10,000 hours .  To 
improve t h e  lumen o u t p u t  o f  t h e  lamp, one 
has t h e  o p t i o n  o f  o v e r d r i v i n g  t h e  lamp, 
b u t  t h e  lamp o p e r a t i n g  l i f e  w i l l  be 
sac r i  f i ced . The poss i  b i  1  i t y  o f  over- 
d r i v i n g  t h e  lamp a t  60 w a t t s ,  t h u s  i n -  
c r e a s i n g  t h e  o u t p u t  t o  app rox ima te l y  3,500 
1  unens, was cons idered,  b u t  t h e  o p e r a t i  ng 
l i f e  would be f a r  be low t h e  o r i g i n a l l y  
t a r g e t e d  3,000 hours .  I n  o t h e r  a p p l i c a -  
t i o n s  w i t h  a  s i m i l a r  dilemma, a  double- 
w a l l e d  a r c  t u b e  c o n s t r u c t i o n  i s  used t o  
improve t h e  l i f e  when o v e r d r i v i n g  t h e  
lamp;  t h i s  would be d i f f i c u l t  t o  do 
c o n v e n t i o n a l l y  i n  a  smal l  p r o j e c t i o n  lamp 
such as ours .  The i d e a  t h e n  occu r red  t h a t  
a  l e n s  o r  window fused t o  t h e  f r o n t  
o f  t h e  i n t e g r a l  r e f l e c t o r  c o u l d  be used t o  
form t h e  b a s i s  o f  t h e  second w a l l  i n  a  
d o u b l  e -wa l  1  d e s i g n  . The d o u b l  e -wa l l  
c o n s t r u c t i o n  p reven ts  water  vapor,  and 
c o n s e q u e n t l y  hyd rogen ,  f rom m i g r a t i n g  
t h r o u g h  t h e  h o t  i n n e r  w a l l  o f  t h e  a r c  t u b e  
and con tamina t i ng  t h e  f i l l  gases, which 
reduces t h e  lamp l i f e .  The techn ique  was 
success fu l  i n  ma? n t a i  n i  ng t h e  necessary 
o p e r a t i n g  l i f e .  

Expected performance parameters  f o r  t h e  
me ta l  h a l i d e  lamp and a  comparison t o  t h e  
p resen t  t ungs ten  halogen source used i n  
t h e  conceptua l  model f o l l o w :  

Tungsten Halogen Technology 

Lead- W i  r e  Conduct i on 2  % 
Gas Conduct ion & 10% 

C o r r e c t i o n  
I n f r a r e d  81% 
U l t r a v i o l e t  0.5% 

heat  
(93%) 

V i s i b l e  6.5% 
Total.......... ...... 100% 

Meta l  Hal i d e  Technol ogy 

E l  e c t  rode Losses 12% 
Gas Conduct ion & 25% heat  
Wall Abso rp t i  on (54% 1 
I n f r a r e d  17% 
Ul t rav  i 01 e t  19% 
V i s i b l e  27% 

T o t a l  ................ 100% 
From t h e  above i n f o r m a t i o n ,  i t  can be 
deduced t h a t  t h e  p resen t  80 w a t t  t ungs ten  
halogen lamp used i n  t h e  conceptua l  model 
w i l l  gene ra te  app rox ima te l y  74 w a t t s  o f  
heat  and 5  w a t t s  o f  l i g h t .  I n  comparison, 
t h e  60-wat t  s tandard  fill meta l  h a l i d e  
w i l l  gene ra te  32 w a t t s  o f  heat  and 16 
w a t t s  o f  l i g h t .  

The r e s u l t a n t  des ign  improvements a r e  - 
Heat r e d u c t i o n  - 57% 

L i g h t  p r o d u c t i o n  - 320% 

As can be seen i n  t h e  p reced ing  a n a l y s i s ,  
s i g n i f i c a n t  improvements have been made i n  
t h e  areas o f  hea t  r e d u c t i o n  and l i g h t  
p r o d u c t i o n .  Unfortunately, t h i s  i s  not 
enough i n  terns o f  1 i gh t  production. 

The p resen t  60 w a t t  p r o t o t y p e  me ta l  h a l i d e  
l amp i s  capable  o f  p roduc ing  app rox ima te l y  
3 , 4 8 0  l u m e n s  ( 6 0  w a t t s  t i m e s  58 
1  u m e n s l w a t t )  . U s i n g  e q u a t i o n  2 and 
r e a r r a n g i n g  t h e  te rms  t o  s o l v e  f o r  E  
y i e l d s  

where @ = 3500 lumens 
D = d i s t a n c e  f rom d i f f u s e r  = 6  f e e t  

L e t  g tp = p resen t  t o t a l  system e f f i c i e n c y  
wherettp = (iJcol .) ( g  wi n  .) (?cab1 e)#d i  f .) 

Assume 35% c o l l e c t o r  e f f i c i e n c y  and a  
1 5 - f o o t  f i b e r  o p t i c s  c a b l e  

Then Z tp  = ( .35)( .95)( .23)( .45) = .0344 

I t p  - 3500 ( .0344) 119 E =  - 2 - 2 = 1.06 F.C. 
RD 3.14(6) 

As shown i n  t h e  above a n a l y s i s ,  t h e  
6 0 - w a t t  m e t a l  h a l i d e  l amp  w i t h  t h e  
p resen t  1  i g h t - l o a d i n g  assembly i s  capable  
o f  p r o d u c i n g  1.06 f o o t  cand les  a t  a  
d i s t a n c e  o f  6  f e e t  f rom t h e  d i f f u s e r .  
T h i s  i s  a  l i t t l e  more t h a n  one-ha l f  o f  t h e  
2 f o o t  c a n d l e s  r e q u i r e d  b y  t h e  
reg u l  a t  i ons . 
I n  a d d i t i o n  t o  o v e r d r i v i n g  t h e  lamp, 
ano the r  o p t i o n  i s  ava i  1  a b l e  f o r  i n c r e a s i n g  
t h e  lunen o u t p u t .  T h i s  o p t i o n  i n v o l v e s  
changing t h e  m e t a l l i c  s a l t  m i x t u r e  t h a t  i s  
added t o  t h e  a r c  tube.  It i s  known t h a t  
t h e  a d d i t i o n  o f  t h a l l i u m  i o d i d e  t o  t h e  
f i l l  m i x t u r e  can  i n c r e a s e  t h e  lunen 
o u t p u t  o f  t h e  s tandard  me ta l  h a l i d e  lamp 
f r o m  5 8  1  u m e n s l w a t t  t o  75 o r  80 
l umens lwa t t  . T h i s  i s  accompl i s h e d  b y  
a l t e r i n g  t h e  s p e c t r a l  d i s t r i b u t i o n  
o f  t h e  lamp and, i n  e f f e c t ,  p r o v i d i n g  more 
emiss ion  i n  t h e  ye l l ow-g reen  p o r t i o n  o f  
t h e  spectrum and l e s s  emiss ion i n  t h e  b l u e  
end. T h i s  t echn ique  does a l t e r  t h e  c o l o r  
r e n d e r i n g  p r o p e r t i e s  o f  t h e  lamp, however, 
and f o r  t h i s  reason, i t  i s  n o r m a l l y  n o t  
used because most appl i c a t  i ons r e q u i  r e  
1  i g h t i  n g  w i t h  g o o d  c o l o r - r e n d e r i n g  
p rope r tTes .  It i s  be1 i e v e d  b y  t h e  au tho r  
t h a t  i n  m i n i n g  a p p l i c a t i o n s ,  c o l o r  
r e n d i t i o n  i s  n o t  an e s s e n t i a l  cons idera-  
t i o n ,  p a r t i c u l a r l y  when you  have t h e  use 
o f  a  caplamp f o r  d e t a i l e d  t a s k  work. I n  
t h i s  case, t h e  a1 t e r e d  c o l o r  r e n d i t i o n  
produced b y  t h e  t h a l i u m  i o d i d e  dop ing  i s  



not  very severe and i s  a  f a r  c r y  from t h a t  
o f  t h e  monochromatic low pressure sodium 
lamp. V i s u a l l y ,  t h e  lamp appears a  
greenish-whi te  because o f  t h e  enhanced 
ye1 1  ow-green emission and decreased b l  ue. 

Another impor tan t  aspect o r  b e n e f i t  o f  
t h i s  e f f e c t  i s  t h a t  t h e  r e s u l t a n t  spectrum 
s h i f t  w i l l  a l l o w  more l i g h t  t o  be t rans -  
m i t t e d  through t h e  f i b e r  o p t i c s  cables 
because t h e  new spec t ra l  d i s t r i b u t i o n  i s  
more compat ib le  w i t h  t h e  spec t ra l  t rans-  
m iss ion  o f  t h e  cables.  I n  e f f e c t ,  we a re  
impedance matching t o  o b t a i  n  maximum power 
t r a n s f e r .  The net  magnitude o f  t h i s  
e f f e c t  i s  no t  known a t  t h i s  t ime.  

I f  t h e  t h a l l  ium i o d i d e  s tud ies  prove 
successful , t h e  f o l l o w i  ng l i g h t  l e v e l s  
could be achieved : 

where 0 = 4500 lunens (60 wat ts  x  75 
1  wens /  wat t )  

4550(.0344) 154.8 
Then: E = 2  1.37 F.C. 

Note: The above l e v e l s  do not  t a k e  i n t o  
accoun t  t h e  impedance-matchi ng e f f e c t  
prev i ousl y  ment i oned . 
(b)  E f f i c i e n c y  o f  t h e  L i g h t  Loading 

Assembly 

The preceding ana lys is  i s  based on 
p r o j e c t e d  o r  expected lumen output 
levels,  and it would be unreal is t ic  t o  
assue  that  a l l  o f  our expectations would 
come t o  f ru i t ion .  I n  a d d i t i o n ,  i f  t h e  
l e v e l s  were achieved, they  would o n l y  be 
s u f f i c i e n t  f o r  t h i n  seam min ing  appl i c a -  
t i o n s .  I d e a l l y ,  one would l i k e  t h e  new'  
l i g h t i n g  system t o  be a p p l i c a b l e  t o  a l l  
min ing environments, so t h a t  i t s  inheren t  
b e n e f i t s  cou ld  have widespread use. 

I n  view of t h e  f a c t  t h a t  we a re  opera t ing  
a t  t h e  s t a t e - o f - t h e - a r t  o f  source techno- 
logy,  i f  a d d i t i o n a l  l i g h t  ou tpu t  from t h e  
system i s  r e q u i r e d ,  i t  can o n l y  be 
obta ined by improv ing t h e  e f f i c i e n c y  o f  
t h e  1  i ght  1  oadi ng assembly . 
As can be seen from equat ion 3, t h e r e  a re  
th ree  parameters t h a t  can a f f e c t  t h e  1  i g h t  
ou tpu t  o f  t h e  system: , tp, and D. 

i s  t h e  lun inous  f l u x '  from t h e  source; 
e f f o r t s  t o  maximize t h i s  parameter have 
been discussed i n  t h e  prev ious sec t ion .  D 
i s  t h e  d is tance  from t h e  d i f f u s e r  t o  t h e  
mine sur face and i s  determined by t h e  
seam w id th  o r  h e i g h t ,  and t h e  machine 
dimensions, which a re  beyond our c o n t r o l  . 
ztp i s  t h e  present  t o t a l  e f f i c i e n c y  o f  
t h e  l i g h t  l o a d i n g  assembly and can be 
expressed as t h e  product  o f  f o u r  component 
e f f i c i e n c i e s :  

 collector i s  t h e  c o l l e c t i o n  o r  d e l i v e r y  
e f f i c i e n c y  o f  t h e  r e f 1  e c t o r  assembly o f  
t h e  lamp and i s  determined by t h e  des ign 
l i m i t s  o f  t h e  lamp designer; i t  i s  
est imated a t  .35. 

Note:  Some c o n t r o l  o f  t h e  d e l i v e r y  
F f F i c i  ency can be o b t a i  ned by i ncreasi  ng 
t h e  numerical aper tu re  (N.A.) o f  t h e  f i b e r  
o p t i c s  c a b l e  and by i n c r e a s i n g  t h e  
diameter o f  t h e  cable. Th is  w i l l  be 
discussed i n  a  l a t e r  sec t ion .  

e w i  ndow i s  t h e  t ransmiss ion e f f i c i e n c y  o f  
t h e  1 /2 - inch- th ick  o p t i c a l  window used i n  
t h e  XP enclosure and has been measured a t  
0.95. 

Y cable i s  t h e  t ransmiss ion e f f i c i e n c y  o f  
m o t  g lass  f i b e r  o p t i c s  cable and has 
been measured a t  approximately .23. 

d i f f u s e r  i s  t h e  t ransmiss ion  e f f i c i e n c y  
o f  t h e  d i f f u s i o n  assembly and has an 
average measured v a l  ue o f  .45. 

S u b s t i t u t i n g  t h e  above v a l u e s  i n t o  
equat ion 4 f o r  tp  y i e l d s  t h e  present  
t o t a l  system e f f i c7ency :  

I t  i s  a n t i c i p a t e d  t h a t  con t inu ing  e f f o r t s  
on improv ing t h e  system e f f i c i e n c y  could 
l e a d  t o  t h e  f o l l o w i  ng increases:  

g c o l  l e c t o r  = .35 (no improvement) 
wi ndow = .98 ( increased from .95) 

Z c a b l e  = .29 ( increased from .23) 
d i f f u s e r  = .65 ( increased from .45) 

S u b s t i t u t i n g  t h e  p ro jec ted  improvements 
i n t o  equat ion 4 y i e l d s  

= ( .35) ( .98)( .27) ( -65) = -060 
where a t 1  = improved  t o t a l  system 

e f f i c i e n c y  

S u b s t i t u t i n g  t h e  new 3 t~ i n t o  equat ion 3 
y i e l d s  t h e  f o l l o w i n g  increases i n  t h e  
system ou tpu t  1  eve1 s  : 
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E = 1 . 8 4 ( ~ )  = 1.84(1.29) = 2.38 F.C. 

( c )  Related E f f o r t s :  

( 1 )  Source Powering: The metal h a l i d e  
1 amp under development i s  e s s e n t i a l  1  y  a 
mercury vapor lamp t h a t  u t i l i z e s  shor t -a rc  
technology and metal h a l i d e  a d d i t i v e s  t o  
a1 t e r  t h e  s p e c t r a l  d i s t r i b u t i o n .  The 
a1 t e r e d  spec t ra l  d i s t r i b u t i o n  prov ides an 
i n c r e a s e d  lumen o u t p u t  when compared 
t o  t h e  standard mercury vapor lamp. L!ke 
a l l  a r c  d ischarge lamps, t h e  new lamp has 
one major  disadvantage i n  t h a t  i t w i l l  
e x t i n g u i s h  when power i s  momentari ly 
i n t e r r u p t e d .  I f  t h i s  occurs when t h e  lamp 
i s  hot ,  convent ional  b a l l a s t i n g  w i l l  not  
be a b l e  t o  r e s t r i k e  t h e  lamp when power 
r e t u r n s .  T y p i c a l l y ,  i t  takes approx i -  
mate ly  5 minutes f o r  t h e  lamp t o  cool  
s u f f i c i e n t 1  y  b e f o r e  t h e  c o n v e n t i o n a l  
b a l l a s t  can r e s t r i k e  t h e  lamp. This  t ime  
delay i s  usual 1  y  unacceptable i n  under- 
ground min ing  appl + c a t i o n s .  To r e s t r i k e  
t h e  lamp i n  a h o t  c o n d i t i o n  requ i res  a 
spec ia l  b a l l a s t  design t h a t  i s  capable o f  
supply ing s t a r t i v g  pulses i n  t h e  6 KV 
range. While t h l s  i s  not  a  s i g n i f i c a n t  
problem f o r  t h e  b a l l  a s t  des igner  , i t  does 
pose problems i n  t h e  des ign o f  t h e  lamp. 
The lamp i s  a  shor t -a rc  single-ended lamp, 
which means i t  i s  p h y s i c a l l y  small  and 
t h a t  both e l e c t r o d e  leads a re  e x i t e d  a t  
one end o f  t h e  lamp. Because o f  t h i s ,  i t  
becomes a d i f f i c u l t  des ign t a s k  t o  prevent  
t h e  h i  gh-vol tage s t a r t i n g  pulses from 
t r a c k i n g  between t h e  leads, r a t h e r  than a t  
t h e  e l e c t r o d e  t i p s .  To date, a  p ro to type  
b a l l a s t  has been designed ( f i g u r e  10) .  
A lso ,  a  design f o r  a  lamp has been 
completed t h a t  can w i ths tand  t h e  high- 
vo l tage  s t a r t i n g  pulses ( f i g u r e  11). The 
b a l l a s t  des ign i s  convent ional  technology 
(choke, t ransformer)  and should be more 
r e l i a b l e  than  a s o l i d  s t a t e  c o n f i g u r a t i o n ,  
p a r t i c u l a r 1  y  i n  a m in ing  environment 
w h e r e  i t  w i l l  be exposed t o  h i g h  
t r a n s i e n t s .  

( 2 )  F i b e r  Opt i cs  Cables: Considerable 
e f f o r t s  have been focused on improv ing t h e  
e f f i c i e n c y  o f  t h e  g lass  f i b e r  o p t i c s  
cables.  These e f f o r t s  have r e s u l t e d  i n  a 
10% inc rease  i n  t h e  t ransmiss ion  e f f i -  
c iency  o f  t h e  cables and i n v o l v e d  working 
w i t h  t h e  manufacturer t o  improve t h e  
qua1 i t y  c o n t r o l  o f  t h e  manufactur ing 
p r o c e s s .  I n i t i a l l y ,  t h e  cables were 
approx imate ly  20% t o  25% low i n  t h e i r  
e f f i c i e n c y  when compared t o  t h e i r  adver- 
t i s e d  s p e c i f i c a t i o n s .  Studies o f  t h e  

FIGURE 10. - B a l l a s t  and s t a r t e r  f o r  metal 
h a l i d e  lamp 

FIGURE 11. - New metal h a l i d e  p r o j e c t i o n  
1 amp 

problem showed t h a t  t h e  pack+ ng f r a c t i o n s  
o f  t h e  cables were low, which was the  
r e s u l t  o f  a  reduced number o f  f i b e r s  i n  
t h e  cable. I n  a d d i t i o n  t o  t h e  l o w  number 
o f  f i b e r s ,  t h e  ac tua l  c o n t r o l  o f  t h e  
amount o f  f i b e r s  v a r i e d  from cab le  t o  
cab le ,  causing l a r g e  v a r i a t i o n s  i n  t h e  
t r a n s m i s s i o n  o f  c a b l e s  o f  t h e  same 
leng th .  Th is  was brought t o  t h e  a t t e n t i o n  
o f  t h e  manufacturer,  and some improve- 
ments i n  t h e  e f f i c i e n c y  and consis tency 
were obtained. I n  a d d i t i o n ,  t h e  p a r t i -  
c u l a r  epoxy t h a t  t h e  manufacturer was 
us ing  d i d  n o t  lend  i t s e l f  t o  a good f i n i s h  
on t h e  ends o f  t h e  cables, r e s u l t i n g  i n  
h i g h e r -  than-expected entrance and e x i t  
losses.  The epoxy f o r m u l a t i o n  has been 
changed, and some improvements have been 
achieved 'n t h i s  area. 

I n  add? t i o n ,  t h e  n u m e r i c a l  a p e r t u r e  
(N.A.) o f  t h e  cables has been increased 
from -55 t o  .68. Th is  has been accom- 
p l i s h e d  by changing t h e  core and c l a d  
m a t e r i a l s  and consequent1 y  the4 r respec- 

19 t i v e  i n d i c e s  o f  r e f r a c t i o n .  The l a r g e r  



N.A. g ives  a  much l a r g e r  acceptance angle 
and consequently a l lows  a  l a r g e r  cone o f  
l i g h t  t o  e n t e r  t h e  cables. 

Other e f f o r t s  i n  t h i s  area have focused on 
o b t a i n i n g  a  b e t t e r  sheathing m a t e r i a l  f o r  
t h e  cable; i n  p a r t i c u l a r ,  a  m a t e r i a l  i s  
needed t h a t  would p rov ide  good f l e x + -  
b i l  i t y ,  durabi  1  i t y ,  crush res is tance ,  and 
above a l l ,  good t ransparency so t h a t  t h e  
l i g h t  t h a t  n o r m a l l y  l e a k s  f r o m  t h e  
i n d i v i d u a l  f i b e r s  can be u t i l i z e d  t o  
supp lement  t h e  d i f f u s i o n  a s s e m b l i e s  
f o r  a rea  ill u r n i n a t i o n .  A  s h e a t h i n g  
m a t e r i a l  has been f o u n d  t h a t  meets 
our o b j e c t i v e s .  The new sheathing i s  a  
w i re - re in fo rced ,  c l e a r  p o l y v i n y l c h l o r i d e  
hose ( f i g u r e  12) .  

FIGURE 12. - F i b e r  o p t i c  cab le  w i t h  
t r a n s p a r e n t / p r o t e c t i v e  sheath 

STATUS OF PRESENT RESEARCH 

To date.  a  p ro to type  f i b e r  o p t i c s  mine 
l i g h t i n g  system has been designed and 
f a b r i c a t e d  accord ing t o  t h e  requ'rements 
o f  MSHA's Schedule 26 f o r  explos ion-proof  
enclosures ( f i g u r e  13 ) .  The system uses 
t h e  new standard f i l l  metal h a l i d e  lamps 
and b a l l a s t i n g  system and i s  capable 
o f  p r o v i d i n g  1.65 f o o t  candles a t  d i s tance  
o f  6 f e e t  away f r o m  t h e  d i f f u s i n g  
assembly. Th is  i s  accomplished w i t h  a  
15- foo t - long  f i b e r  o p t i c s  cable.  The 15 
f o o t  cab le  i s  used f o r  t e s t i n g  purposes 
because t h i s  i s  a  worst case c o n d i t i o n .  
I n  p r a c t i c e ,  most a p p l i c a t i o n s  w i l l  use 
shor te r  cable leng ths ,  and according1 y  t h e  
output  wi 11 be h i g h e r .  

I n  t h e  near f u t u r e ,  t h e  t h a l i u m  doped 
lamps w i l l  be completed. It i s  a n t i c i -  
pated t h a t  t h e  new t h a l i u m  lamps w i l l  
br:ng t h e  output  c lose  t o  t h e  2- foot -  
candle t a r g e t .  

Research t o  f u r t h e r  improve t h e  system 
output  i s  con t inu ing .  Attempts w i l l  be 
made t o  improve the  e f f i c i e n c y  o f  t h e  
d ' f f u s i n g  assembly, which a t  present i s  

FIGURE 13 .  - Advanced p ro to type  f i b e r  
o p t i c  mine l i g h t i n g  system 

approximatel y  50%. It i s  a n t i c i p a t e d  t h a t  
designs can be made t h a t  w i l l  have an 
e f f i c i e n c y  i n  t h e  75% t o  80% range. 

CONCLUSIONS 

I f  ongoing research proves success fu l ,  t h e  
new l i g h t i n g  concept w i l l  p rov ide  t h e  
m in ing  i n d u s t r y  w i t h  a  machine-mountable 
l i g h t i n g  system t h a t  o f f e r s  s i g n i f i c a n t  
improvements o v e r  c o n v e n t i o n a l  m ine  
1  i g h t i n g  systems i n  t h e  f o l l o w i n g  areas: 

g l a r e  (d iscomfor t  and d i s a b i  1  i t y )  
s a f e t y  ( e l e c t r i c a l  and expl os ion-proof  
i n t e g r i t y )  
r e l i a b i l i t y  
economy 
ease o f  ma: ntenance and i n s t a l  1  at: on 

A d d i t i o n a l  research i s  needed t o  improve 
t h e  o v e r a l l  system e f f i c i e n c y  so t h a t  i t s  
inheren t  b e n e f i t s  can be extended from low 
seam t o  high-seam coal  mine a p p l i c a t i o n s  
where a  g rea te r  l i g h t  output  would be 

20 requ i red .  
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