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EXECUTIVE S-' **WAY 

This f i n a l  r epor t  descr ibes  t h c  r e e u l t r  of a re rearch  and 
development proyram conflucted by Foster-t!iller Aroociatea, Inc. 
(FMA), on behalf of t h e  National Aoronautfcs and Space Admini- 
s t r a t i o n  (NASA). NASA, i n  turn ,  provl9ed t h e  program management 
on behalf of t h e  United S t a t e s  Department of Energy (DOE). The 
objec t ive  of t h e  program was t o  develop a mineworthy automatic 
v e r t i c a l  corrtrol  rubsystem (VCS) f o r  longwall shearers .  Bene- 
f i t s  associated with t h i s  type of automatic con t ro l  system over 
normal manuai cont ro l  include: 

1. Increased product iv i ty  

2 .  Enhanced worker hea l th  and sa fe ty  

3. Technology advancement toward fu l l - f ace  automation. 

The r e s u l t s  of t h e  research and development program were 
somewhat mixed. The VCS was developed and successfu l ly  demon- 
s t r a t e d  aboveground on the  Joy Manufacturing shearer  a t  t h e  DOE 
aboveground langwall f a c i l i t y  a t  t h e  Pi t t sburgh Mining and Tech- 
nology Center. The f i e l d  test, however, can only be considered 
a p a r t i a l  success. The VCS was i n s t a l l e d  on an Eickhoff 300-EDL 
shearer a t  Old Ben Coal Company's second longwall a t  t h e i r  Mine 
No. 27 i n  Frankfort   COW*^, I L .  Schedule s l ippage due i n  p a r t  
t o  t h e  71-day United Mine Workers Association s t r i k e  forced t h e  
test on t o  t h i s  longwall, r a t h e r  than t h e  preplanned i n s t a l l a -  
t i o n  a t  Mine No. 21. Although t h e  VCS was successful ly  i n s t a l l e d  
and inspected and approved by MSHA, geological  d i f f i c u l t i e s  a t  
t h e  mine prohibi ted operation of t h e  automatic con t ro l  system. 
These a c t i v i t i e s  a r e  discussed i n  subsequent sec t ions  of t h i s  
repor t .  

Following t h e  VCS f i e l d  t e s t ,  an in tens ive  e f f o r t  was made 
t o  answer key quest ions regarding t h e  u t i l i t y  of sensor sub- 
systems t h r w g h  f i e l d  t e s t i n g .  A very successful  test of t h e  
Natural Background coa l  i n t e r f a c e  de tec to r  (NBS-CID) was con- 
ducted a t  Carbon Coianty Coal Company. This test demonstrated 
the  funct ional  nature of t h e  NBS-CID i n  guiding t h e  shearer  
based on t h e  coal  seam horizon. 

A t h i r d  major development effor.: was conducted by Adjunct 
Systems, Inc., under a subcontract  co FMA. This  was t h e  develop- 
ment and subsequent aboveground denionstration of a small por table  
d isp lay  processor which enables u t i l i z a t i o n  of the  VCS sensors  
and s impl i f ied  con t ro l  algorithms while e l iminat ing the  require- 
ment t o  i n t e r f a c e  e l e c t r i c a l l y  w i t h  the  candidate shearer .  A l l  
of these  e f f o r t s ,  conducted under Contract No. NAS8-33591, a r e  
discussed i n  d e t a i l  i a  the  following repor t .  



2. VCS INTRODUCTION 

The key objec t ive  of t h i s  program war t h e  development of a 
mineworthy cont ro l  system f o r  automatic pos i t ioning  of the  cu t -  
t i n g  drums of a doublt..e ied longwall. shearer .  The i n t e n t  of 
t h i s  system is t o  provide t h e  a b i l i t y  t o  automatical ly  follow 
t h e  coa l  ream bared on t-.e absolute  pos i t ion  of t h e  upper coa l /  
sha le  in te r face .  This ob jec t ive  was, i n  large p a r t ,  m e t ;  however, 
problems were experienced a t  t h e  underground t e a t  s i te  which pre- 
vented demonstration of t h e  VCS. 

FMA became involved i n  t h i s  program a f t e r  a breadboard VCS 
had been i n s t a l l e d  by Marshall Space F l i g h t  Center (MSFC) per- 
sonnel on t h e  Joy shearer  a t  t h e  DOE'S Mock Longwall F a c i l i t y  
(MLF) i n  Bruceton, PA. FMA's  i n i t i a l  c h a r t e r  was t o  t ake  t h i s  
bas ic  system configurat ion and perform redesign and repackaging 
t o  enable underground service. The a c t i v i t i e s  which took p lace  
t o  accomplish t h i s  a r e  described i n  Sect ion 5 of t h i s  repor t .  

Once the  VCS was f o m a l l y  demonstrated a t  t h e  aboveground 
MLF, it was shipped t o  t h e  Old Ben Coal Compafiy i n  Benton, I L ,  
f o r  underground t e s t ing .  From a scheduling poin t  of view, t h i s  
underground test was i l l - f a t e d  from i t s  ou t se t .  Delays i n  t h e  
MSHA approval prqcers caused the  f i e l d  t e s t  t o  s l i p  severa l  
months from t h e  t i m e  t h e  system was denonstrated aboveground. 
This delay brought t h e  p ro jec t  r i g h t  i n t o  the nationwide United 
Mine Worker's (UMW) s t r i k e .  The progress  of t h e  negot ia t ians  
between t h e  UMW and t h e  Bituminous Coal Operator 's  Association 
(BCOA) was watched c lose ly  and as soon as an agreement seemed 
near,  the  VCC was shipped t o  the  mine se lec ted  by Old Ben f o r  
t h i s  t e s t .  

Original ly  Old Ben management had se lec ted  a new longwall, 
planned f o r  s t a r t u p  i n  March a t  t h e i r  No. 2 1  mine, a s  t h e  b e s t  
s i t e  f o r  f i e l d  t e s t i n g  of  t h e  VCS. Mining condit ions were expec- 
ted  t o  be good and t h e  crews were experienced longwallers. How- 
ever ,  due t o  t h e  delays,  t h a t  face a t  No. 2 1  went i n t o  production 
without tl VCS. When t h e  \rCS became approved f o r  underground 
serv ice  and when t h e  UMW s t r i k e  ended, t h e  only s i t i n g  opt ion 
avai lab le  within t h e  framework of our schedule was a new long- 
w a l l  a t  Old Ben's Mine Po. 27. Conditions t h e r e  were somewhat 
unknown; however, t h i s  was t h e  second longwall a t  No. 27 and 
conditions a t  the  f i r s t  were not  good. Secondly, s ince  t h i s  
represented an expansion i n  t h e  longwall capaci ty  a t  No. 27, t h e  
crews were somewhat inexperienced i n  longwall operat ions i n  thac  
they were t r ans fe r red  from continuous miner sec t ions .  



This  e f f o r t  is described i n  greater d e t a i l  i n  Sect ion 6 of  
t h i s  report .  Despite t h e  fact t h a t  t h e  VCS was never f u l l y  
demonstrated underground, the exparience was not  f r u i t l e s s .  A 
number of things were learned and design changes ?.ere implemented. 
These a l l  involved surviv&bility of the VCS components under rig- 
orous conditions.  T h i s  Ueducation" w i l l  s i g n i f i c a n t l y  improve 
the chances f o r  success of  any f u t u r e  VCS f i e l d  demonstration. 

Subsequent to  our "orderly retreat" from t h e  O l d  Ben f i e l d  
test, severa l  in-mine tests of critical VCS ccrnpanents were can- 
ducted. The Natural  Background coal thickness  sensor  (NBS) w a s  
tested as a stand-alone a t  Carbon County Coal Corapany. These 
tests were successful.  The operator  found t h e  equipment usefu l  
and has asked to  keep the equipment f o r  f u r t h e r  a c t i v i t y  with 
DOE. This a c t i v i t y  is discussed in Sect ion  8 of t h i s  report .  

In  addi t ion  t o  this base l ine  a c t i v i t y  during the course of 
the cont rac t ,  FMA supported the develop men^ of what has  come to  
be known as t h e  Man-in-Loop system. Th i s  u n i t  w a s  designed and 
developed by Adjunct Systems, Inc., o f  Huntsvi l le ,  AL, and w a s  
based on t h e  Hewlett-Packard 41-CV pocket ca lcula tor .  The i n t e n t  
was t o  u t i l i z e  this device as t h e  processor of state-of-cut data 
generated by t h e  t'CS sensors. The system was to be battery- 
pwered  and output  shearer  con t ro l  information t o  an opera tor  
who would i n  tu rn  opera te  t h e  shearer.  Taking t h i s  approach 
el iminates  a l l  requirements f o r  electrical interSace with e i t h e r  
t h e  machine or mine power. This  p a r t  of t h e  program is discussed 
i n  Section 7 of t h i s  repor t .  

Sections 9 and 10 discuss  conclusions and recommendations 
on a l l  aspects  of t h e  work conducted wader Contract  No.  NAS 
8-33591. Generally, i n  summing those conclusions up, it is  f a i r  
t o  say t h a t :  

1. A VCS system has been developed and tes ted .  Another 
f i e l d  test should be conducted, however, i n  order  t o  evalua te  
the u t i l i t y  of such a system t o  a mine operator.  

2.  A por table  display/pracessor  has been developed which 
is very v e r s a t i l e .  I t  can be used f o r  t a s k s  rangincj from con- 
t r o l  of a machine t o  balancing a checkbook. 

3. Several  useful  sensors  have been developed and tested 
which could be used i n  cont ro l  systems of various l e v e l s  of 
sophis t ica t ion .  These include t h e  NBS coa l  thickness  sensor 
and the  acous t ic  d is tance  measuring sensor.  

The remainder of t h i s  r epor t  w i l l  provide fu r the r  bases i n  
support ~f these  conclusions. 



3 .1  INTRODUCTION 

The primary o b j e c t i v e  of  t h e  VCS i s  to  provide hor iaon con- 
t rol  for a longwall  s h e a r e r  such t h a t  a more produc t ive  face may 
be r ea l i zed .  E a r l i e r  s t u d i e s ,  performed by t h e  U.S. Bureau of 
Mines, had ind ica t ed  t h a t  t o  a first order of approximation the 
t o p  of a coal seam follows t h e  floor. On t h i s  basis, it would 
seam that i f  one could c o n t r o l  w i n g  t h e  roof  as a r e f e rence  f o r  
t h e  f r o n t  drum while s l a v i n g  t h e  rear drum tc  a c o n s t a n t  h e i g h t  
c u t  t h a t  the seam could be e f f i c i e n t l y  ex t r ac t ed .  Th i s  is i n  
f a c t  t h e  b a s i s  o f  t h e  VCS c o n t r o l  s t r a t e g y .  

Earlier s t u d i e s  conducted oy KASA MSFC ( r e f .  1) on the types ,  
l oca t ion ,  and uses  of t h e  s enso r s  r equ i r ed  to  a c c o m p l i ~ h  t h i s  ob- 
j e c t i v e  revea led  two p o s s i b l e  a lgor i thms t h a t  ~ o u l d  be used for 
con t ro l .  They were what w i l l  be referred to  as M o d e  I and Mode 
11, re spec t ive ly .  The primary d i f f e r e n c e  between t h e s e  modes i s  
t h a t  i n  one case, Mode 1, the c u t t i n g  s t r a t e g y  is based on h i s -  
t o r i c a l  c o a l  i n t e r f a c e  d e t e c t i o n  (CID) d a t a  whi le  Mode I1 u t i -  
l i z e s  real - t ime information t o  c o n t r o l  t h e  roof c u t .  I n  both  
cases, t h e  rear drum is  e s s e n t i a l l y  ;laved t o  a cons t an t  he igh t  
cu t .  

The p e c u l i a r i t i e s  of t h e  underground demonstrat ion site dic- 
t a t e d  t h e  d e f i n i t i o n  o f  a modified Mode I1 t o  be used a t  O l d  Ben. 
I n  a l l  t h e  c o n t r o l  strategies, roof and f l o o r  measurements are 
related t o  t h e  c e n t e r l i n e  of  t h e  shea re r  drums, as much as pos- 
sible. This  way t h e  shea re r  body geometry does no t  e n t e r  i n t o  
t h e  c o n t r o l  dec i s ions ,  r e s u l t i n g  i n  a s impler  and more a c c u r a t e  
con t ro l .  I n  a l l  cases, t h e  c o n t r o l  systems developed a r a  for 
one d i r e c t i o n  of  shea re r  motion only.  Sumping and r e t u r n  oper- 
a t i o n s  a r e  handled manually. 

I n  a l l  modes of  c o n t r o l ,  t h e  fol lowing senso r s  a r e  required:  

1. L a s t  Cut Fotlooer ( L C F )  - This  ins t rument  measures t h e  
v e r t i c a l  d i s t a n c e  between t h e  c e n t e r l i n e  of  t h e  lead drum and t h e  
prev ious ly  c u t  roof .  

2. P r e s e z t  Cut FgZlower (PCP) - Measures t h e  v e r t i c a l  d i s -  
t ance  between t h e  t r a i l i n g  drum c e n t e r l i n e  and t h e  p r e s e n t l y  c u t  
roof .  

3 .  Coat i n t e r f a c e  Detector  f C I 3 )  - This  nucleonic  sensor  
measures c o a l  th ickness  l e f t  on t h e  roof .  



4. Sensitired Ptokr - There d i f f a r a n t i a t r  between c u t t i n g  
c o a l  o r  rock by sensing t h e  c u t t i n g  forces .  

5 .  A r m  PosCtion Indioators - These measure t h e  angular 
pos i t ion  of t h e  shearer  arm with respect to  its body. 

6 .  Domfaoe Diat~nae Ueasurement - This  sensor measures 
th6  d i s t ance  of t h e  sheazer from t h e  haadgate. along t h e  e n t i r e  
face  of t h e  longwall. 

e 

After  a b r i e f  descr ip t ion  of the Mode I and Node I1 types 
of con t ro l  s t r a t e g i e s .  t h e  rest of t h i s  sec t ion  w i l l  describe 
t h e  con t ro l  algorithms developed fc; use of O l d  Ben mines. 

3.2 MODE X CONTROL 

Mode I operation u t i l i z e s  information about coal th ickness  
l e f t  on the roof of  t h e  l a s t  c u t  and s t o r e d  i n  memory as a func- 
t i o n  of downface dis tance.  With r e f e r e ~ c e  t o  Figure 1. the lead 
drum is cont ro l led  by u t i l i z i n g :  

1. L a s t  c u t  d is tance  t o  t h e  roof (h) 

2. Stored last c u t  coa l  thickness  (d l .  and by de tec t ion  
of rock from t h e  sens i t i zed  picks.  The t a s k  of t h e  lead  drum 
c o n t r o l l e r  i s  t o  maintain t h e  drum height  a t  such a l e v e l  as t o  
keep t h e  roof coa l  thickness  (t) a s  c l o s e  as poss ib le  t o  a desired 
value. This  is  subjec t  t o  t h e  c o n s t r a i n t  t h a t  t h e  s t e p  s i z e  be- 
tween two consecutive c u t s  must be l imi ted  t o  32 in .  within t h i s  
allowed s t e p  s i z e ,  t h e  lead  drum is con t ro l l ed  to  go up and down 
t o  maintain a constant  roof coa l  thickness .  A rock s i g n a l  given 
by t h e  s e n s i t i z e d  picks w i l l  move t h e  lead drum away from t h e  
rock within t h e  allowed s t e p  boundaries. 

Figure 2 shows a s impl i f ied  flow diagram f o r  Mode I type 
operat ian.  Note t h a t  t h e  deadband parameter (A) can be set a t  
any value such t h a t  i f  t h e  measured parameters ind ica te  t h e  drum 
is i n  t h e  proper pos i t ion  2A then no cont ro l  i s  attempted. I n  
a c t u a l  p rac t i ce ,  the  value chosen f o r  A w a s  f l  i n .  Zero can be 
used f o r  t h i s  parameter. but  t h e  r e s u l t i n g  con t ro l  system w i l l  
always hunt, pausing unnecessary wear on components. 

The r e a r  drum is slaved t o  keep a constant  seam height  with 
reference t o  t h e  present  roof .  This  is  done by u t i l i z i n g  a pres- 
e n t  c u t  follower sensor,  which measures the  r e a r  drum c e n t e r l i n e  
d is tance  t o  t h e  roof.  



Figure  I. - Longwall f a c e  cross-sect ion.  

3.3 MODE I1 CONTROL 

Mode I1 ope ra t ion  i s  similar t o  Mode I except  t h e  c o a l  t h i ck -  
ness  is measured ;- t h e  p re sen t  c u t  as close behind t h e  l e a d  drum 
as poss ib l e  (see Figure  3) .  A s i m p l i f i e d  l o g i c  flow diagram f o r  
t h i s  mode of opera t ion  i s  shown i n  F igure  4.  

The rear drum c o n t r o l  s t r a t e g y  is  e x a c t l y  t h e  same as t h a t  
descr ibed  f o r  Mode I opera t ion .  

3.4 OLD BEN CONTROL STRATEGIES 

I t  was determined a t  t h e  e a r l y  stages of  t h e  program t h a t  
the underground VCS tests would be carried o u t  a t  t h e  O l d  Ben 
Wine i n  Benton, I L .  O l d  Ben has s e v e r a l  longwall f ace  opera- 
t i o n s ,  u t i l i z i n g  Eickhoff 300L s h e a r e r s  wi th  radio remote con t ro l .  
Some p e c u l i a r i t i e s  of t h e  O l d  Ben Mine a re :  

1. Take a l l  t h e  c o a l  on t h e  rcmf 

2. Make a cons t an t  t h i ckness  c u t  :nominal 7 f t )  t o  t h e  
f l o o r  
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Figure  2. - Simpl i f ied  flow diagram f o r  Mode I c o n t r o l .  

3. Seam c u t  cannot be l e s s  than 6-1/2 f t  and no t  more than  
8 f t ,  t o  enable  s h i e l d  advance 

4. Up t o  3-1/2 f t  rock p e r t u r b a t i o n s  can be p r e s e n t  i n  t h e  
c o a l  seam. 

The VCS c o n t r o l  s t r a t e g i e s  developed by FMA were tailored 
f o r  t h e s e  s p e c i f i c  needs of Old Ben. A t  t h e  same t i m e ,  t h e  con- 
t r o l l e r  sof tware  w a s  designed with  t h e  c a p a b i l i t y  of  swi tching 
t o  Mode I o r  Mode I1 con t ro l .  The fol lowing subsec t ions  desc r ibe  
t h e  Eickhoff shea re r  arm dynamics and the  c o n t r o l  a lgor i thms  
developed f o r  Cld Ben. 



Figure 3. - Lead drum cutting i n  Mode 11. 
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Figure 4. - Simplified flow diagram for Mode 11 control. 



3.4.1 Eickhoff Shearer Dynamics 

The 300-L Eickhoff shearers  used a t  O l d  Ben have double 
ranging arms. Each arm is independently powerd  t o  move up a;ld 
down by double-acting hydraul ic  rack-and-pinion d r i v e  (see Fig- 
ure  5 ) .  The shearer  ranging arm and hydraul ic  c i r c u i t  d a t a  are 
given i n  Table 1. 

Under normal operat ing condi t ions,  t h e  arm mover a t  about 
1.8 in . / sec  i n  a v e r t i z a l  d i r ec t ion .  Figure 6 shows t h e  approxi- 
mate pulse input  response of t h e  a m ,  which w a s  determined ex- 
perimentally. The a m  has 0.5 sec deadband and acts l i k e  a 
l i n e a r  in teg ra to r .  The approximate d i f f e r e n t i a l  equation of t h e  
a m  f o r  a s t e p  input  of 39V is 

where 

z = v e r t i c a l  motion of t h e  arm a t  drum c e n t e r l i n e  

v = voltage input  

3 .4 .2  Control S t r a t e g i e s  Considered f o r  O l d  Ben 

A study was made t o  determine the  var ious opt ions ava i l ab le  
f o r  con t ro l l ing  t h e  Eickhoff shearer  a t  Old Ben. Three di f -  
f e r e n t  s t r a t e g i e s  were considered f o r  t h e  lead and t r a i l i n g  
drum cont ro l :  

1. Lead Drum - 
Use pick informaticn only t o  r a i s e  and lower t h e  
drum around t h e  roof coal / rock in te r face .  

Use picks an3 s tored  arm angle pos i t ion  of t h e  
previous cut. 

Use picks and LCF. 

2 .  Trailing Drum - 
Use s tored  leading drum angle pos i t ion  a s  t h e  
bas i s  of roof height ,  then con t ro l  t h e  r e a r  drum 
t o  obta in  des i red  constant  cu t .  
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Figure 5. - Eickhoff 300-L shearer arm hydraulics. 



TABLE 1. - EICKHOFF SHEARER, RANGING ARM AND 
HYDRAULIC CIRCUIT DATA 

7' 

m i n  supply pressure - 2 , 2 0 0 i b / h . ~  

Pump flaw r a t e  = 6 gal/min 

p i l o t  supply pressure = 2 5 0 1 b / i n . ~  

Main value flaw r a t e  = 3.2 gal/min 

 rive actuator diameter - 5.9 in. 

D r i v e  actuator stroke = 10.77 in. 

Total piston area = 54.68in. 
2 

TO-1 trapped o i l  voltme = 589 in. 
3 

pinion diameter = 15.8 in. 

pressure t o  overcome arm weight 
and f r i c t i on  = 1,100 &/in. 

2 

~ r o l  weight (including cowl) = 10,900 lb 

~ r m  moment load - 4 . 4 7 ~  lo5 ib-in., minim= 

5 - 5.68 x 10 lb-in., maximum 

~ r m  calculated i ne r t i a  
3 = 9 4 x 1 0  -in./sec2 (-.I 

3 = 53 x 10 lb-in./sec2 (min.) 

Other Arm Data 

Drm diameter = 66 in. 

~ r a c  length = 63 in. 

A m  response time = 0.5 sec 

Arm ver t ica l  speed = 1.8 in./sec 

Drum rotation = 48 r p m  

Cowls rotation = 180' over the top 

I 



h 
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DEAD-BAND 

39v 

* 
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Figure 6. - Eickhoff shearer, approximate pulse input response. 



a Use the  s to red  rear drum angle p o s i t i o n  to  con- 
t r o l  t h e  rear drum on t h e  next  pars .  

a Use PCF with arm angle pos i t ion .  

Using t h e  shearer  geometry, t h e  accuracy of a l l  t hese  
s t r a t e g i e s  was a n a l y t i c a l l y  ca lcula ted ,  w i t h  t h e  following 
assumptions: 

1. Conveyor panel can only encounter a maximum of f 3  in .  
v e r t i c a l  obstruct ion.  

2. A l l  sensors have fO.25 in .  accuracy. 

3. Servo system pos i t ioning  e r r o r s  are ignored. 

The r e s u l t s  of these  analyses a r e  shown i n  Table 2. As seen 
from t h e  table, No. 3 cont ro l  f o r  both drums r e s u l t s  i n  t h e  bes t  
accuracy. This i s  modified Mode I1 con t ro l  which formed t h e  
b a s i s  of t h e  con t ro l  algorithm developed f o r  Old Ben. 

3.4.3 VCS, Control Algorithm a t  Old Ben 

This is a s impl i f ied  Mode 11 type of con t ro l ,  t a i l o r e d  f o r  
s p e c i f i c  needs of t h e  Old Ben mine, t h a t  is: 

1. Take  a l l  coa l  t o  shale i n t e r f a c e  of  t h e  roof.  

2. Make a constant  thickness  c u t  t o  t h e  f l o o r .  

As shown i n  Figure 7, t h e  necessary sensors  a re :  

1. Sens i t ized  picks - two located on lead drum 

2. LCF 

3. PCF 

4. Downface d i s t ance  measurement 

5. A r m  pos i t ion  ind ica to r s .  

Since no coal  is  l e f t  on t h e  roof ,  t h e  C I D  is  not  required 
a t  O l d  Ben. The c o n t r o l l e r  is,  however, designed t o  include a 
CID u n i t  when necessary. 



TABLE 2. - CONTROL STRATEGIES CONSIDERED FOR OLD BEN 
. 
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Figure 7 .  - VCS layout (Old Ben) . 



Lead D r u m  Control  - Modified Mode 11 

Lead drum c o n t r o l  flow and block diagrams are shown i n  
Figures  8  and 9, r e spec t ive ly .  A s  seen from t h e r e  diagramr, 
t h e  "coa l"  o r  "rock" s i g n a l  from t h e  s e n s i t i z e d  p i cks  becomes 
the primary c o n t r o l  funct ion.  When a coal s i g n a l  appears ,  t h e  
drum is r a i r e d  s l i g h t l y ;  when t h e  rock s i g n a l  appears,  it is 
lowersd s l i g h t l y .  The las t  c u t  fo l lower  i a  used t o  l i m i t  t h e  
excurs ion of  t h e  lead drum t o  f 2  i n .  from one c u t  t o  t h e  next .  
The l a s t  c u t  has p r i o r i t y  over t h e  p icks ,  so t h a t  t h e  s t e p  s i z e  
from onz c u t  t o  t h e  next  w i l l  be limited f o r . e a s e  o f  roof  sup- 
p o r t  advance. 

A s  seen i n  Figure  8, us ing  t h e  l a r t  c u t  d i s t a n c e  t o  t h e  
c e n t e r l i n e  of t h e  drum (X =) and drum r a d i u s  ( r ) ,  t h e  s t e p  s i z e  
( c )  is c a l c u l a t e d ,  t h a t  i k ,  

I f  t h e  s t e p  s i z e  i s  wi th in  f 2  i n . ,  then  t h e  coal /sock informat ion 
w i l l  be used. The coa l / rock  inpu t  w i l l  only  be e f f e c t i v e  i f  
E 5 11.51 i n .  This  way, a command t o  move t h e  drum by a n  
increment o f  1 - i n .  w i l l  no t  r e s u l t  i n  overshoot ing t h e  l as t  c u t  
s t e p  l i m i t  by more than  0.5 in .  Once a dec i s ion  is made t o  move 
t h e  drum up o r  down, t h e  c o n t r o i l e r  w i l l  a c t i v a t e  t h e  so lenoid  
va lve  i n  t h e  app rop r i a t e  d i r e c t i o n .  

Once each second, a  i$acision is mcde by t h e  c o n t r o l l e r  t o  
update t h e  drum c u t t i n g  pos i t i on .  An UP o r  COWN command w i l l  
r e s u l t  i n  1 in .  v e r t i c a l  motion of  t h e  drum. T h i s  i s  adequate 
f o r  nominal shea re r  tram speed of  1 0  t o  15 f t /min .  

The rock/coal  dec i s ion  i s  made on three consecut ive  read- 
ings  i r o n  the  s e n s i t i z e d  p icks .  This  i s  n simple and e f f e c t i v e  
way of minimizing any f - l s e  p ick  d a t a .  

With the a i d  of t h e  arm p o s i t i o n  i n d i c a t o r  ( $ 1 ,  rne cr-n- 
t r o l l e r  i s  a b l e  t o  c a l c u l a t e  t h e  to ta l  c u t t i n g  b i g h t  of t1.e 

drum ( 2 )  and hence mainta in  a check on upper and lower l i m i t s  
of seam c u t  (6-1/2 and 8 f t ,  r e s p e c t i v e l y ) ,  t h a t  is, 
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Figure 8 .  - Block diagram of lead drum control 
(Old Ben control strategy).  
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Figure 9 .  - Lead drum c o n t r o l  f low diagram (Old Ben control strategy). 



where 

a = d i s t a n c e  o f  f l o o r  t o  p i v o t  p o i n t  of arm 

b = am leng th  

r = drum diameter 

T r a i l i n g  D r u m  Control  

The rear drum c o n t r o l  flow diagram and block diagram are 
shown i n  F igures  10 and 11, re spec t ive ly .  I n  this case, t h e  
c o n t r o l l e r  s l a v e s  t h e  drum such t h a t  a cons t an t  seam he igh t  is 
maintained. The PCF and t h e  arm pos*.tion i n d i c a t o r  are used 
to  c a l c u l a t e  t h e  seam c u t  (2)  , t h a t  is, 

where 

X 
PC 

= PCF d i s t a n c e  t o  t h e  roof 

r = drum r a d i u s  

@ = arm angular  p o s i t i o n  

Once each second, a d e c i s i o n  is aade  by t h e  c o n t r o l l e r  t o  
update t h e  p o s i t i o n  of  t h e  drum, such t h a t  a seam he igh t  of 
7 f t  31 i n .  is  maintained. 

Another method of  c o n t r o l l i n g  t h e  rear drum w a s  t o  s l a v e  
it t o  t h e  lead  drum pos i t i on .  This  method w a s  t r i e d  a t  Bruceton 
MLF and proved t o  be very e f f e c t i v e .  Bas i ca l ly ,  t h e  l e a d  drum 
arm p o s i t i o n  i s  s t o r e d  wi th  r e s p e c t  to downface d i s t a n c e ,  t hen  
t h e  rear drum is  s laved  t o  fol low t h e  stored information.  

3.4.4 Other CoFt ro l  Cons idera t ions  

The c o n t r o l l e r  is designed i n  such a way t h a t  t h e  ope ra to r  
can switch to  manual ope ra t ion  by p re s s ing  any one of  t h e  normal 
shea re r  c o n t r o l  pushbuttons e i t h e r  a t  t h e  machine o r  a t  t h e  
remote r a d i o  c o n t r o l  module. The philosophy i s  such t h a t  t h e  
ope ra to r  w i l l  monitor t h e  automatic c o n t r o l  of  t h e  shea re r  from 
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t he  d is tance  allowed by t h e  remote radio  con t ro l ,  and i f  he 
not ices  anything wrong he w i l l  r e t u r n  t o  manual operat ion 
ins tan t ly .  

Large rock perturbat ions (up t o  h a l f  a seam t h i c k )  and 
la rge  roof f a l l s  are p r e t t y  common a t  Old Ben mines. The con- 
t r o l l e r  is designed t o  detect these  condi t ions and r e t u r n  t o  
manual operation. Whenever t h e  con t ro l  is  dropped t o  manual, 
t h e  operator  is flagged t o  take control .  A roof f a l l  is  detec ted  
by a sudden change of more than 4 in.  i n  t h e  PCF reading. Rock 
perturbat ions are detected by t h e  f a c t  Lnat t h e  sens i t i zed  picks 
a r e  continuously reading rock signil-s.  Any of a c o l l e c t i o n  of 
standard r u l e s  regarding t h e  sensor d a t a  can be selected t o  
v a l i d a t e  t h e  readings before cont ro l  ac t ion  is taken. Data 
from each sensor can be pu t  through a l i m i t  o r  range check. It 
can also be put-through a rate-of-change check. I f  any of these  
tests a r e  f a i l e d ,  t h e  c o r k r o l l e r  w i l l  r e t u r n  t h e  machine to  t h e  
operator .  

These e l e c t i v e  rou t ines  were put  i n  because of  t h e  experi-  
mental nature of t h e  VCS, The cur ren t  configurat ion requ i res  
an "engineering" type of  indiv idual  t o  i n t e r f a c e  with t h e  machine 
t o  set cont ro l  poin ts ,  s e n s i t i v i t i e s ,  and t o  elect d i f f e r e n t  
modes of con t ro l  ( f o r  example, Mode I, Mode 11, f r o n t  drum only,  
r e a r  drum only,  both, etc.). Once these  parameters are elected, 
t h e  underground operator  only has t w o  switches t o  dea l  with. 
These a r e  AUTO/MANUAL and EMERGENCY STOP.  

The software is f u l l y  documented i n  Appendix of t h i s  
repor t .  Idea l ly ,  people dea l ing  with t h e  microprocessor would 
become f l u e n t  i n  t h e  d e t a i l s  of t h e  program, Understanding, 
however, t h a t  the  world is not  i d e a l ,  t h e  opera to r ' s  manual 
(a separa te  document) is w r i t t e n  from a procedural prospective 
and does not r equ i re  t h a t  line-by-line understanding. 



DESIGN OF VCS HARDWARE 

4.1 INTRODUCTION 

Section 3 described the control strategies employed in the 
Vertical Control Subsystem. In that description, the sensors, 
instruments and data processing equipment were casually mentioned 
or otherwise implied. This section will provide the background 
information on each of the major subsystem components. When 
reviewing this section, it is recommended that the reader be 
familiar with or have access to the approved VCS drawing package. 
The following VCS subsystem components are covered in this section: 

1. Lastt'present cut follower 

2. Arm position indicators 

3. Down-face-distance unit 

4. Coal interface detection (NBS, pick) 

5. Controller (microprocessor, signal processing electron- 
ics, power supplies, and Eickhoff interface). 

4.2 CUT FOLLOWERS, PRESENT AMD LAST CUT 

The last cut follower (LCF) and present cut follower (PCF) 
were developed as "relative" sensors. Both were desiuned to mea- 
sure distance and relate it to previously measured roof distances, 
and to utilize this information to control ranging arm movement. 
This differs from CIDs, which sense an "absolute" distance. The 
LCF and PCF were designed to be mounted near and/or on the drums 
utilizing swing back brackets (Figure 12). 

The LCF was mounted on the front of the lead drum and mea- 
sured the distance to the roof on the previous cut. Its input 
to the controller was used to maintain the current roof cut at 
+2 in. relative to the roof of the previous pass. - 

The PCF was mounted ahead of the trailing drum under the 
roof of the present cut. It measured the distance to the roof and 
its input to the controller resulted in the slaving of the trailing 
drum to take the proper depth of cut. 

The acoustic sensor (Figure 13) was developed by FMA as a 
LCF and PCF utilizing a mod'fied Wesmar SU4  15B level monitor 
and LMSlSK sensc r. 





Figure 13. - Wesmar sensor assembly. 



The SLM 15B is a general  purpose u l t r a s o n i c  measuring u n i t  
designed f o r  nozrcontact m a t e r i r l  ieve: renra-ng . In  operat ion,  
t h e  s o l i d - r t a t e  e l e c t r o n i c s  of t h e  SLM ISP e x c i t e  a c r y s t a l  i n  
the  LMS 15K sensor,  producing high-energy u l t r a s o n i c  (17 kHz) 
pulses.  The game c r y s t a l  rece ives  t h e  re turn ing  echoes and the 
SLM 15B convert3 t h e  r e s u l t i n g  tune i n t o  a dis tance.  The Wemar 
sensor typ ica l ly  is  used with a range of 5 t o  20 f t ,  bu t  f o r  ume 
i n  the  VCS t h e  ramp time and (dead man) time were reduced, thereby 
reducing &he range t o  18 t o  54 in .  Also, t h e  c i r c u i t  boards were 
modified t o  reduce t h e i r  s i ze .  The input  vol tage f o r  M e  SLM 15B 
is  +20 V a c  and t h e  output  s igna l  range is 0 t o  5 Vdc. The 
LMS 15K sensor i t s e l f  c o n s i s t s  of a p i e z o e l e c t r i c  t ransducer  
encased i n  the  Kynar housing which conta ins  t h e  appropriate  
sh ie ld ing  t o  ensure t h a t  only t h e  acous t ic  s i g n a l  from t h e  f r o n t  
lobe of t h e  transducer is s e n t  and received. This  sensor was 
pot ted i n  steel hous5.ag designed by FMA (Figure 13) f o r  physical  
protect ion.  A reflector was mounted i n  f r o n t  o f  t h e  sensor 
a s  an i n t e g r a l  p a r t  of the  housing. 

The design of t h e  housing allows t h e  pulses  from t h e  sensor 
t o  r e f l e c t  up t o  t h e  roof and back t o  the  sensor while allowing 
t h e  sensor t o  remain horizontal .  This reduces t h e  p o s s i b i l i t y  
of sensor damage and keeps t h e  sensor face c l ean  of d e b r i s  which 
would d i s rup t  the  sensor s ignal .  The r e f l e c t o r  support  bar is 
"knife-edged" t o  reduce s igna l  inA?rference.  It i s  located over 
t h e  cen te r  of the  sensor t o  provide improved physical  p ro tec t ion  
from roof mater ia l  f a l l i n g  on t h e  un i t .  

4 .3  ARM POSITION INDICATORS 

The Arm Pos i t ion  Ind ica to r s  (AP) (Figure 1 4 )  u t i l i z e d  a 
Celesco Posit~.on/Displacement Transducer Celesco Model No. PT 101 
t o  determine the  he ight  of t h e  c u t t i n g  drums and provide t h i s  
input  t o  the  system con t ro l l e r .  The transducer uses a s t a i n l e s s  
s t e e l  cable  t o  d r ive  a potentiometer which provides an output ,  
which is  proport ional  t o  t h e  l i n e a r  extension of the  cable.  

The e x c i t a t i o n  vol tage t o  the  transducer was +5 V d c ,  which 
resu l t ed  i n  an analog output  range of 0 t o  54.2 V d c .  The AP 
was mounte:. un t h e  face  side of t h e  shearer  gearbox under t h e  
gearbox cover p l a t e  (Figure 15) .  The cable  from t h e  transducer 
is  at tached t o  t h e  shearer  a m ,  extending and r e t r a c t i n g  as t h e  
arm is ra i sed  o r  lowered. This ac t ion  causes t h e  potentiometer 
s h a f t  t o  turn.  



Figure 14. - Arm Position Indicator. 
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Figure 1 5 .  - AP mounted under gearbox cover p l a t e ,  



4.4  DOWNFACE DISlPANCES (DFD) 

A DFD sensor war developed t o  determine ahaarer pos i t ion  
a s  :;as r e w i r e d  f o r  Mode I operation. The design c r i t e r i a  f o r  
t h e  sensor we? . a s  follows. 

1. Provide shearer  pos i t ion  t o  26 in .  

2. Provide shearer  pos i t ion  independent of ahearer  
d i rec t ion .  

3. The DFD should provide an "absolutew s h e a r ~ r  pos i t ion ,  
thereby being independent of power l o s s  t o  t h e  VCS. 

4. The o v e r a l l  s i z e  of the  DPD must be small enough t o  be 
added i n t e r n a l l y  t o  t h e  shearer  o r  t o  be mounted ex te rna l ly  with- 
out  i n t e r f e r i n g  with t h e  normal operat ion of t h e  machine. 

5. Ease of obtaining MSHA approval. 

There were severa l  bas ic  types of sensor opt ions ava i l ab le  
which could s u i t  these  requirements: a potentiometric type; a 
pin contact  encoder; and a Radio Frequency type of proximity sensor. 
The potentiometric sensor was developed based on a combination 
of the devign c r i t e r i a .  The DFD was designed t o  t a p  of f  the  
d r ive  s h a f t  of the  haulage u n i t  on both the  Joy 1LS shearer  
(surface t e s t )  and t h e  Eickhoff 300L shearer  (Old Ben t e s t ) .  
Keeping t h e  d r ive  loca t ion  common mealit t h a t  only t h e  sensor/  
shearer  mechanical i n t e r f a c e  changed and not  t h e  sensor i t s e l f .  
The OF3 sensor (Figure 16)  used a f l e x i b l e  s h a f t  o f f  t h e  d r i v e  
s h a f t  t o  d r ive  a speed reducer (s tock d r i v e  products Model No. 
2218-E0160) having a r a t i o  of 16 t o  1. The output  from t h e  speed 
reducer was attached t o  a ten-turn 5Kfi potentiometer (Spectrol 
Model No. 534). The input t o  the  potentiometer was +5 Vdc, re- 
s u l t i n g  i n  an output of 0 t o  4 .2  Vdc. 

The DFD sensor was at tached on the  haulage box, ex te rna l  t o  
the  machine. I t  protrudsd from the  cover of t h e  haulage box 
by 3.45 i n . ,  not f a r  enough t o  i n t e r f e r e  with t h e  normal cable  
handling procedure on the  face.  

COAL DETECTION 

The mort bas ic  i n  the horizon con t ro l  of a long- 
wall  shearer are:  





1. Wheze is the roof/coal in te r face?  

2. Where is the f loor /coal  in te r face?  

These are t h e  .frames of  referencea used i n  both t h e  i n i t i a l  set- 
up and the day-to-day mining of tha  panel. 

Typically, a longwall panel i n  t h e  Gnited S t a t e s  is mined 
taking a l l  t h e  ccal to  the roof and floor. Sametimas f o r  one dr 
more of t h e  follawing reasons it is necessary to  leave a l aye r  
of coa l  on e i t h e r  the roof or the f loor :  

1. Roof or f l o o r  rock is not  competent and coal a d  w i l l  
improve ground control .  

2. The c o a l  near t h e  roof o r  f l o o r  is poor q u a l i t y  and is 
not c o s t  e f f e c t i v e  to  mine. 

3. Coal seam is too t h i c k  t o  be successfu l ly  mined with 
t h e  mine's e x i s t i n g  equipatent. 

In  these  s i tua t ions ,  it is d i f f i c u l t  t o  maintain proper horizon 
cont ro l  because the frame of reference is not  v i s i b l e  t o  t h e  
operatcr.  For the VCS, the coal/roof i n t e r f a c e  w a s  used as t h e  
system frame of reference and two sensors  were developed t o  
determine this i n t e r f a c e  locat ion;  they are the  s e n s i t i z e d  pick 
and the  NBS. The sens i t i zed  pick is an e f f e c t i v e  C I D  i n  
appl ica t ions  where t h e  amount of coa l  t o  be l e f t  on the roof 
(or f loor)  is small (less than %1 in.).  Any thickness  g r e a t e r  
than t h a t  w i l l  a f f e c t  t h e  resolu t ion  of t h e  output,  a s  described 
i n  subsection 4.5.1. 

The hdS, on the  o the r  hand, cannot be used when a 'no 
coal  l e f t *  condition is desired. It senses the r a d i o a c t i v i t y  of 
t h e  roof rock and is only e f f e c t i v e  when the re  is some coal t o  
a t tenuate  t h e  r ad ioac t iv i ty  ( t h a t  is, it cannot d e t e c t  the 
di f ference  between no c o a l  l e f t  and c u t t i n g  2 in .  of roof rock) .  

Sens i t ized  Pick 

The sens i t i zed  pick (Figure 17) c o n s i s t s  of a modified c u t t i n a  
pick (narrower shank) mounted i n  a pick block and loading a load 
cell mounted i n  the  b i t  block (Figure 18).  The load cell 
(Figure 19) is made of 415 s t a i n l e s s  steel which has been t r e a t e d  
t o  a Rockwell C31 hardness. The t h r o a t  of the  FMA load cell was 
reduced in diameter from the General Electric load cell t o  allow 
more compression t o  take place i n  t h e  load cell (while s tay ing  
within the e l a s t i c  l i m i t s  of the  mater ia l )  thereby increasing i ts  



Figure 17. - Sensitized Pick. 





Figure 19. - Load cell, sensitized pick device. 



s e n s i t i v i t y .  There are t w o  r t r a i n  gage8 (Micro Nearuement8 
Model No. SK-06-125 TB 10C loca t ed  on the t h r o a t  of  the load 
cell  l oca t ed  180 deg apart from each o t h e r  (Figure  20). With 
these  gages i n  t h i s  con f igu ra t ion  t h e  e f f e c t s  of  t h e  p ick  
e c c e n t r i c a l l y  load ing  t h e  load cell are el iminated.  A t e rmina l  
s t r i p  is loca t ed  on t h e  load cell  throat also wi th  a gage w i r e  
c a r ry ing  t h e  s i g n a l  t o  the te rmina l  s t r i p  and 6 gage w i r e  
c a r ry ing  t h e  s i g n a l  t o  a p reampl i f i e r  board located i n  t h e  p ick  
block. This  arrangement p r o t e c t s  t h e  s t r a i n  gage from the i n e r t i a  
generated by t h e  6 gage w i r e .  The s t r a i n  gages and te rmina l  s t r i p  
a r e  coa ted  wi th  a polysulfide-epoxy compound (Micro Measurements 
H-Coat G or equ iva l en t )  forming a rubber - l ike  mois ture  and phyri-  
c a l  p r o t e c t i v e  barrier for t h e  s t r a i n  gages. A small p reampl i f i e r  
c i r c u i t  (Figure 21) w i t h  a ga in  of 100 was i n s t a l l e d  i n  t h e  p ick  
block which increased  t h e  s i g n a l  ou tpu t  from t h e  0 t o  1 mV t o  
t h e  0 to  100 mV range. The i n p u t  v o l t a g e  and ou tpu t  s i g n a l  cables 
were brought through a modified pick f ace  f l u s h i n g  water tube  
assembly u t i l i z i n g  an A i r f l y t e  E l e c t r o n i c s  Model N o .  CA4-12 loca- 
t e d  on t h e  f ace  s i d e  o f  t h e  assembly (Figure  23). Two s e n s i t i z e d  
p i cks  are requi red  i n  each drum. The p i cks  are loca t ed  180 deg 
away Crom each o t h e r  on t h e  c u t t e r  drum and extend approximately 
1 / 4  in .  h igher  than  t h e  normal p i c k  he igh t .  The s e n s i t i z e d  p ick  
"shadows" a normal p ick  on t h e  p i ck  p a t t e r n  (Figure  221, r e s u l t i n g  
i n  a l a rge  percentage of t h e  load  on t h e  s e n s i t i z e d  p ick  being 
generated by t h e  t o p  1 / 4  i n .  (coa l / roof  i n t e r f a c e ) ,  thereby in-  
c r eas ing  t h e  s i g n a l  s e n s i t i v i t y .  

The ou tpu t  s i g n a l s  from both  load  cells on one c u t t i n g  drum 
are compared t o  each o t h e r  by the c o n t r o l l e r .  Th i s  comparison i~ 
used t o  determine t h e  app rop r i a t e  arm movement requi red  f o r  
success fu l  horizon con t ro l .  This  comparison w i l l  be d i scussed  
f u r t h e r  i n  subsec t  ion 4.6. 

Natural  Backqround Sensor 

The MSFC-designed NBS (Figure 2 4 )  is i n  a c t u a l i t y  a sodium 
iod ide  s c i n t i l l a t i o : ~  d e t e c t o r .  It d e t e c t s  t h e  n a t u r a l  gamma ray  
emissions i r o n  common coal mine roof which occur as 3 r e s u l t  of  
t h e i r  con ten t .  Thus, as greater th icknesses  of  c o a l  i n t e r c e d e  
between t h e  sensor  and t h e  roof ,  t h e  s c i n t i l l a t i o n  a c t i v i t y  d rops  
o f f  exponent ia l ly .  

The sensor  ou tpu t  c o n s i s t s  of random p u l s e s  from a photo- 
m u l t i p l i e r  tube which occur a t  a h igh rate when t h e  c o a l  is t h i n  
and a t  a lesser r a t e  when c o a l  is  th i ck .  This  sensor  has  been 
i n t e r f a c e d  with  t h e  VCS c o n t r o l l e r  through a d i g i t a l  counte r  which 
counts  incoming pu l se s  over a sample per iod  of 1 sec, l a t c h e s  
t h e  count f o r  examination by VCS sof tware ,  and resets t h e  counte r .  



Figure 20. - Load cell/amplifier assembly. 
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The con t ro l  algorithm is designed t o  take  one of t h r e e  posaible  
act ions:  

1. I f  the count is  too  high, it d i r e c t s  t h e  lead  drum 
down. 

2. I f  t he  count is too low, it d i r e c t s  the drum t o  rise. 

3. I f  the  count is  within some acceptable band, con t ro l  
output  is  inhib i ted .  

The NBS is  e f f e c t i v e  when it is d e s i r a b l e  to  leave coa l  on 
the  roof i n  a thickness  range of 0 t o  30 i n .  

The maximum coa l  thickness  through which the NBS can 
s u c c e s s f ~ l l y  sense t h e  coal/roof i n t e r f a c e  is dependent on a 
number of f ac to r s .  The primary ones are: 

1. Surface a r e a  of t h e  sodium iodide c r y s t a l  

2. The K~~ content  of t h e  overlying s t r a t a .  

3. The a t tznuat ion  p roper t i e s  of t h e  p a r t i c u l a r  seam. 

The NBS developed f o r  t h e  VCS u t i l i z e d  a 4 x 8 in .  c r y s t a l  and 
t y p i c a l l y  has a coa l  thickness  range of 1 t o  20 in .  The sensor 
has the  advantage over t h e  nac t ive  scurce" nucleonic backsca t te r  
sensor of not  having t o  be mounted extremely c l o s e  t o  t h e  mine 
roof.  In  t h e  case of t h e  O l d  Ben t e s t ,  t h e  sensor was mounted 
on t h e  machine body judt behind t h e  Zsad drum range arm. 

The power inpu t  t o  t h e  NBS was +12 Vdc and t h e  output 
s igna l  was t y p i c a l l y  i n  terms of pulses  which were counted and 
read by the  VCS c o n t r o l l e r .  

4.6.1 System Description 

The VCS system is con t ro l l ed  by a microprocescor and its 
associated e lec t ron ics .  The e l e c t r o n i c s  a r e  housed i n  an ex- 
plosion-proof enclosure a s  shown i n  Figure 25. The micro- 
processor and e l e c t r o n i c s  a r e  implemented within a STD BUS 
s t r u c t u r e  Dn a number of p r in ted  c i r c u i t  boards. The sensors  
f o r  the  system provide inputs  t o  the  c o n t r o l l e r .  Voltage and 
cur ren t  l imi t ing  b a r r i e r s  a r e  used t o  i n t e r f a c e  t h e  sensors ,  
described e a r l i e r  i n  t h i s  Section, t o  t h e  e l ec t ron ics .  The 
b a r r i e r s  keep vol tages and cur ren t s  a t  i n t r i n s i c a l l y  s a f e  l e v e l s  
i n  the  cables  connecting the  sensors t o  t h e  c o n t r o l l e r .  
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Front panel con t ro l s  allow accer8 to  t h e  microprocrrsor memory 
and a r e  used t o  s t a r t  and s t o p  t h e  program. A tape recorder is 
included t o  record input  da ta  from the  sensors f o r  up t o  8 h r  
of operation i n  a mine. 

The Eickhoff In te r face  converts  t h e  c o n t r o l l e r  output 
s i g n a l s  t o  l e v e l s  compatible w i t h  t h e  Eickhoff 300L shearer .  The 
power supply converts 1000 Vac i n t o  the  dc vol tages  required by 
t h e  system. 

A d e t a i l e d  system diagram is shown i n  Figure 26. 

4.6.2 C i r c u i t  Board Description 

The c i r c u i t r y  f o r  the  system operates  under microprocessor 
con t ro l  on the  STD BUS. The bus s t ruc t i i re  s i m p l i f i e ~  t h e  
interconnection between boards. A mother board i n  a card cage 
has 28 connectors on 0.5 in .  centers .  Each connector has  56 pins .  
Each pin i s  connec5ed v i a  the  mother board t o  a l l  t he  o the r  
connectors. Any board can be placed i n  any s l o t  i n  t h e  card  cage 
and no spec ia l  backplane wiring is required.  The system can be 
expanded o r  s impl i f ied  a t  any t i m e .  

CPU 

The microprocessor used is t h e  8085 i n  a ? E P l  CPU board made 
by Pro-Log. The CPU uses a 320 ns  clock. Memory >n t he  CPU 
includes 4 K  bytes  of Random Access Memory iR4Mj ipd 8K bytes  of 
Erasable Programmable Read Only Memory (EPROM). The RAM is  
used by the  s tack and f o r  sc ra tch  pad use whi-le t h e  EPROM i s  
used f 0;: progr.:. ; storage.  

Additional EPROM ( 1 0 K  bytes)  i s  provided on a combination 
board made by Mostek. Their EPROM/UART Board (MK77753), i n  
addi t ion t o  EPROM, has a UNIT (Universal Asynchronous Receiver 
Transmitter)  t o  provide a s e r i a l  i n t e r f a c e  f o r  e i t h e r  RS232 o r  
4.20 ma cur ren t  loap. 

CMOS RAM Board 

Nonvolatile da ta  s torage  i s  obtained from an 8K byte CMOS 
s t a t i c  RAM board made by Enterpr i se  Systems (Model 10701). An 
on-board ba t t e ry  provides severa l  weeks of da ta- re tent ion  even 
i f  the shearer  power is turned o f f .  



Figure 26. - Detailed system diagram. 



Keyboard Diisplay Board 

This board is positioned at one end of the card cage opposite 
a window in the water-pr9of innar enclorure. A window in the 
explosion-proof box makes it possible to see the display when 
ell covers are in place. When the unit is being serviced above- 
ground at a mine or in a laboratory, a 25 key keyboard on the 
card is used to interrogate memory and to change values !Q RAM. 
This board (the Prolog 7303) is cosnpatibie with a reriden, 
monitor in EPROM on the CPU board. Thc board also contains eight 
individual LED displays which are available as status or trouble 
Lights. 

Pick Processor 

The pick processor subsystem contains two picks spaced 
180 c?eg apart on the lead drum with preamplifiers mounted in the 
pick blocks. The preamplifiers boost the millivolt load cell 
signals with a gain of 100 before the signals pass through the slip 
rings. The slip rings provide power to the preamps and bring t h ~  
output signals back to the controller. Intrinsically safe 
barriers are used to isolate the intrinsically safe preamps 
from the circuitry in the inner enclosure. A pick processor 
circuit board is required for each sensitized pick. 

The circuit for the pick processor was developed by General 
Electric. The design is basically unchanqed except for: 

1. A modification to gate out all but the first 30 to 
50 deg of the pick signal. 

2. An instrumentation amplifier was ~ d d e d  to .educe 
common mode noise. 

3. Sync pulses fro3 the slip rings improve timing. In the 
original General Elecrric circuit the timing pulses were 
developed from the signal. 

4. The digital output of the circuit interfaces with 
the STD BUS (see Figure 2 7 ) .  

FUNCTIONAL CIRCCIe~ LESCAIPTION 

The differential input signal enters the pick. processor 
board in ac instrumentation amplifier with a gain of 10. The 
amplifier eliminates common mode noise. A low pass filter 
eliminates high frequency noise in the signal. 
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The output of t . ~  load cell o f t e n  has considerable  o f f s e t  due 
t o  preloading of the -ell to  improve s e n s i t i v i t y .  An o f f e e t  
e l iminator  :educes t h e  of f8e t .  The operat ion of t h i s  c i r c u i t  can 
be explained with the a i d  of Figure 28. The Sync B timing pulse  
from the s l i p  r i n g s  t r i g g e r s  a 200 mmc delay one-shot. The 
t r a i l i n g  edge of t h e  one sho t  t r i g g e r s  another  200 msec one-shot 
which is used f o r  t h e  ga t ing  pulse of a sample and hold I.C. 
Tha pick s igna l  is sampled when t h e  pick is no t  c u t t i n g  bu t  
fnstead is in  a i r .  The only s igna l  p resen t  during the sample 
intel-.ral is due t o  o f f s e t .  The value of o f f s e t  measuretl is 
held f o r  a complete revolut ion of t h e  drum before being sampled 
again. The output of the sample and hold is fed t o  an opera t ional  
ampl i f ie r  where it is subtracted from the pick s ignal .  The 
o u t ~ u t  of t h e  opera t ional  ampl i f ie r  is f r e e  of o f f s e t .  

Sync A is used as a t r i g g e r  f o r  t h e  Peak Window one-shot 
(180 m s e c ) .  The Peak Window coincides with t h e  rock induced 
sp ike  a t  the  leading edge of t h e  P i c k  s ignal .  The output  of  t h e  
o f f s e t  e l iminator  is gated by t h e  Peak Window arrd d i r e c t e d  i n t o  
a PeakIAverage c i r c u i t .  The outputs  c f  t h e  analog g a t e  are fed 
t o  a peak de tec to r  a s  w e l l  as an average value c i r c u i t .  These 
t w o  s i g n a l s  a r e  t h e  inpu t s  t o  an analog d iv ider .  The output  of t h e  
analog d iv ide r  i s  the peak/average pulse.  I f  t h e  peaklaverage 
r a t i o  is high enough ( t h a t  is, 2.0) t h e  l e v e l  de tec to r  d e t e c t s  
"rockn. I f  t h e  *rocka indica t ion  occurs  during t h e  Peak Window, 
it is gated i n t o  a pulse s t r e t c h e r  and t o  an input  p o r t  where it is 
processed ~y t h e  STD BUS. 

PICK SIGNAL 

SY NCA 
L 

SYNC0 c& 

DELAY 0.2 sec 

OFFSET PULSE t 7 

Figure 28. - Pick processor timing. 



The filter board is simply a printed circuit board with a 
low pass filter for each of five differential analog signals 
from the sensors. 

The 3-dBa breakpoint for the filter (see Figure 29) is 
6.3 Hz. The output of the filter i8 connected via a ribbon 
cable to the analog-to-digital (A/D) converter bird. The fil- 
ter is differential to allow law-frequency common mode signals 
not rejected by the filter to be eliminated in the A/D converter. 
A break frequency of 6 Hz was chosen to provide attenuation of 
60 Hz noise yet be greater than twice the sampling frequency 
of 1 Hz. 

Analog-to-Digital Converter 

The A / n  converter board takes the differential signals from 
the sensors and converts them to a digital form for use by the 
microcomputer. The board used is a Data Translation nodel 
DT2724. The board will accept 16 single-ended inputs or 8 
differential inputs. The board operates from +S and fl2V power 
supplies. The board has a wide rmge analog input capability of 
10 mV full scale :o SV full scale. 

In the VCS system only 5 of the 8 differential channels 
are being used. Jumpers on the board set the full scale voltage 
at 5V. 

Natural Background Sensor Interface Board 

The purpose of the Natural Background Sensor (NBS) Inter- 
face is to accumulate counts from the NBS in a counter and on 

INPUT f>F f OUTPUT 

Figure 29. - Filter. 



command from t h e  microprocessor t r a n s f e r  t h e  count i n t o  t h e  
microprocessor.  The counts  are t r a n s f e r r e d  once pe r  second 
b u t  t h e  way t h e  d a t a  is used is s t r i c t l y  a func t ion  o f  soft- 
ware. For example, t h e  data can be used t o  c a l c u l a t e  a running 
average over t h e  l a s t  N seconds. 1: N = 10, t hen  once per 
second t h e  las t  10 read ings  would be t o t a l l e d  and d iv ided  by 10. 
I f  t h e  average needed to be taken over  a longer  time the modifi-  
c a t i o n  would on ly  be i n  sof tware .  

A func t iona l  diagram of t h e  NBS i n t e r f a c e  is given i n  Fig- 
u r e  30. Inpu t  counts  from t h e  NBS e n t e r  t h e  board and are 
counted i n  a 12-bit  counter  made up o f  three 4029 CMOS counte rs .  
A f t e r  1 sec a command from t h e  microprocessor causes  the data to 
be l a t ched  i n t o  two 74LS374 octal l a t ches .  The counte r  is im- 
mediately reset t o  avoid miss ing a count.  The count i s  then  
t r a n s f e r r e d  from t h e  l a t c h  t o  t h e  microprocessor as two bytes .  

A s e l f - t e s t  c a p a b i l i t y  is  b u i l t  i n t o  t h e  board. By sending 
an  I N  SSLTTSST PORT command t h e  s i g n a l  source  w i l l  be an on- 
board o s c i l l a t o r .  The o s c i l l a t o r  gene ra t e s  230 t o  300 p u l s e s /  
sec. The pu l se  width is 50 usec. 

On command from t h e  microprocessor t h e  board w i l l  send 
+12V C.4' C3Jf.CrA.Vi' t o  t h e  NBS t o  a c t i v a t e  t h e  c a l i b r a t i o n  o s c i l l a t o r  
wi th in  t h e  NBS. A look CALPO? is  a l s o  included on t h e  NBS in-  
t e r f a c e  board t o  c o n t r o l  t h e  frequency of  t h e  NBS c a l i b r a t i o n  
o s c i l l a t o r .  

The in te rconnec t ions  between t h e  NBS i n t e r f a c e  board and 
t h e  NBS sensor  are shown i n  F igure  31. The zener  d iodes ,  re-  
s i s t o r s ,  and f u s e  i n  t h e  + 1 2 V  l i n e  is a " b a r r i e r n  t o  ensu re  
t h a t  t h e  c u r r e n t  and vo l t age  remain low and t h e  NBS remains 
i n t r i n s i c a l l y  s a f e  

I n  t h e  event  t h a t  a s h o r t - c i r c u i t  occu r s  a t  t h e  NBS, t h e  
12-2 r e s i s t o r ( s 1  w i l l  l i m i t  t h e  c u r r e n t ,  I f  a power supply 
f a l l s  and the  +12V li.he rises t o  115 Vac t h e  zener d iodes  w i l l  
l i m i t  t he  vo l tage  a t  t h e  NBS. Voltage w i l l  be dropped across 
t h e  12-2 r e s i s t o r  u n t i l  t h e  f u s e  blows. Commercially b u i l t  
a a r r i e r s  are used f o r  t h e  s i g n a l  and CAL l i n e s .  

4.6.3 Tape Recorder 

The t a p e  recorder  i s  used t o  store test d a t a  f o r  an 8-hr 
period.  The t a p e  recorder  used i n  t h e  system i s  a Memodyne 
Model 203 incremental  recorder .  I t  i s  a low-power u n i t  us ing 
CMOS c i r c u i t r y  and draws s maximum of  only  200 mA when operat i f ig  
t h e  s t eppe r  motor t o  advance t h e  t ape .  The u n i t  o p e r a t e s  a t  



Figure 3 0 .  - NBS interface board. 
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183 b i t s / sec .  I t  uses 300-it P h i l l i p s  c a s s e t t e s  and can s t o r e  
i .76  W i t s .  

I n  operat ion t h e  recorZ3r w i l l  s t o r e  up t o  t e n  16-bi t  words 
every second. Three passes town a 500-it face  can be recorded 
before having t o  change t h e  tape.  The recorded t apes  must be 
removed and read above ground. 

A Memodyne M80 Reader is used t o  t r a n s f e r  t h e  t ape  da ta  
v i a  an RS232 i n t e r f a c e  t o  t h e  HP9825 f o r  d a t a  reduct ion and 
p lo t t ing .  

Tape Recorder In te r face  Board 

This board is  bas ica l ly  a d i g i t a l  input/output ( I / O )  port .  
It decodes and la tches  a 16-bi5 output p o r t  f o r  da ta ,  a 4-bit 
output p o r t  f o r  tap2 recorder con t ro l ,  and a 4-bit input  p o r t  
f o r  s t a t u s  information. Figure 32 i s  a funct ional  block d ia-  
gram of t h e  board. 

Data i s  t r ans fe r red  from t h e  microcomputer t o  t h e  t ape  
recorder by f i r s t  sending t h e  16-bit  da ta  t o  t h e  16-bit  d a t a  
por t .  The high order  byte  of d a t a  i s  latched i n t o  p o r t  09 and 
the  low order  byte is  latched i n t o  p o r t  08. A sequence of two 
output  commands a r e  then s e n t  t o  the  con t ro l  p o r t  OA t o  cause 
t h e  START output t o  go low and then high. The r e s u l t i n g  pulse 
s t a r t s  t h e  Memodyne Model 208 t ape  recorder.  The t ~ p e  recorder 
then loads t h e  16-bit da ta  word i n t o  a r e g i s t e r .  The da ta  is 
transmit ted ' t o  the  t ape  a b i t  a t  a time (see  Figure 33) .  After  
t h e  16 da ta  b i t s  a r e  on t h e  tape ,  two dummy o r  gap b i t s  a r e  put  
on the  tape t o  separate  t h e  da ta  wards. Af ter  64 words of d a t a  
have been t ransmit ted from the  microcomputer t o  t h e  tape re- 
corder ,  the  recorder automatic all^^ puts  an End of F i l e  (EOF) 
gap on the  tape.  The next da ta  word sen t  is the re fo re  t h e  f i r s t  
word of t h e  next f i l e .  

Timer Board 

The purpose of the  t imer board (Figure 34) is t o  provide 
i n t e r r u p t s  a t  prec ise  in te rva l s .  ~ u i s e s  a r e  generated a t  
1-sec i n t e r v a l s  t o  i n i t i a t e  d a t a  acquis i t ion  and a t  100 msec 
t o  i n i t i a t e  the  t r a n s f e r  t:f a 16-bit  word of da ta  t o  t h e  t ape  
recorder.  The tape recorder requi res  90 msec t o  move each word 
onto tape.  

The timer board uses an I n t e l  8253-5 t imer c i ~ i p .  This de- 
v ice  contains  t h r e e  independent counters. The standard decoCer 
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Figure 34. - T i m e r .  



c i r c u i t r y  composed of  U3, U4, US, U6r and U7 provide decoding 
of input  and ou tpu t  p o r t s .  

The d a t a  buss is buffered and provides  t h e  d a t a  i n p u t s  t o  
t h e  timer chip.  Three s e p a r a t e  g a t e  i npu t s  a l low t h e  t h r e e  
counters  t o  be enabled or d i sab l ed  independently.  A combiuation 
o f  t h e  1/0 p o r t  decoder c i r c u i t r y  and six c o n t r o l  l i n e s  i n t o  t h e  
ch ip  provide access t o  fou r  d a t a  p o r t s  wi th in  t h e  chip .  Each o f  
t h e  t h r e e  counte rs  is i n i t i a l i z e d  by f - r s t  o u t p u t t i n g  a c o n t r o l  
byte  t o  c o n t r o l  p o r t  23.  The c o n t r o l  b y t e  con ta ins  a code f o r  
counter  1, 2 ,  o r  3, most or least s i g n i f i c a n t  by te  code, and a 
code f o r  mode of  opera t ion .  The least s i g n i f i c a n t  by te  of t h e  
d e s i r e d  count is t r ansmi t t ed  t o  ou tpu t  p o r t  20. Another b y t e  is  
s e n t  t o  t h e  c o n t r o l  p o r t  t o  po in t  t o  t h e  most s i g n i f i c a n t  by t e  
o f  t h e  d e s i r e d  count. I n  t h i s  manner a l l  t h r e e  counte rs  a r e  
programmed. 

The counte rs  are programmed t o  provide ou tpu t  pu l se s  a t  
1 msec, 90 msec, and 1 sec. The 1-msec outpu t  i s  used as t h e  
c lock f o r  t h e  90-msec and 1-sec counters .  The 90-msec and 
1-sec ou tpu t s  are ored toge the r  and used as an i n t e r r u p t .  Once 
i n t e r r u p t e d  t h e  microprocessor reads  Input  Po r t  24 t o  determine 
which counter  caused t h e  i n t x r u p t .  

4.6 .4  Eickhoff - n t e r f a c e  

The Eickhoff i n t e r f a c e  i s  t h e  r e l a y  l o g i c  i n t e r f a c i n g  t h e  
VCS c o n t r o l l e r  t o  t h e  so lenoids  i n  t h e  Eickhoff 300L shearer .  
The so lenoids  a c t u a t e  hydrau l i c  valvev c o n t r o l l i n g  t h e  p o s i t i o n  
of t h e  ranging arms. The two ope ra t ing  cond i t i ons  a r e  automat ic  
( ranging arms under VCS c o n t r o l )  and manual ( ranging arms under 
ope ra to r  c o n t r o l ) .  A requirement imposed by O l d  Ben was t h a t  
t h e  ope ra to r  could rega in  c o n t r o l  i n s t a n t l y  a t  any t ime by 
opera t ing  t h e  ranging arm c o n t r o l s  on t h e  shea re r  o r  remotely 
by r a d i o  con t ro l .  The Eickhoff schematics were examined i n  
d e t a i l  and a po in t  i n  t h e  ranging arm c o n t r o l  c i r c u i t  w a s  found 
( te rmina l  17)  t h a t  is 3t 39 Vdc un less  t h e  ope ra to r  a c t i v a t e s  
anv one of  h i s  con t ro l s .  Figure  35 shows a s i m p l i f i e d  ve r s ion  
of t h e  Eickhoff c i r c u i t r y  and how t h e  manual t o  automat ic  switch- 
over t a k e s  place .  

A l a t c h i n g  r e l a y  is used t o  hold t h e  system i n  automatic 
mode. The source  of vo l t age  f o r  t h e  l a t c h i n g  a c t i u n  i s  Tern ina l  
1x5-17 9f t h e  Eickhoff c i r c u i t  on drawing No. 10872C2. I f  any 
ranging arm c o n t r o l  is a c t i v a t e d ,  t h e  r e l a y  w i l l  drop o u t  and 
t h e  ope ra to r  w i l l  have c o n t r o l .  Two l a t c h i n g  r e l a y s  K 1  and K 2  
were used f o r  redundancy t o  guard aga ina t  a r e l a y  s t i c k i n g  i n  t h e  
la tche?  pos i t i on .  A warning horn is  a c t i v a t e d  f o r  3 sec by a 
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t imer r e l a y  KS whenever c o n t r o l  changes from automatic t o  manual. 
This  f e a t u r e  a l e r t s  t h e  ope ra to r  t o  t h e  f a c t  t h a t  he must c o n t r o l  
t h e  machine. 

4 . 6 . 5  Power Supply 

The power supply f o r  t h e  VCS system u t i l i z e s  975 Vac from t h e  
shearer  power and conver t s  it t o  f 5 V  and t l 2 V .  The power supply 
i s  shown i n  Figure  36. Fuses F1 and F 2  1:mit t h e  i n p u t  c u r r e n t  t o  
O.SA. Transformer T1 is a  fe r roresonant  vo l t age  r e g u l a t i n g  t r ans -  
former t h a t  drops t h e  mine power t o  1 1 5 V .  A fe r roresonant  t r ans -  
former was used t o  circumvent t h e  poor l i n e  r e g u l a t i o n  e x i s t i n g  i n  
some mines. A f a c t o r  of those  improvements i n  l i n e  r e g u l a t i o n  is 
t y p i c a l  f o r  fe r roresonant  transformezs.  A Corcom 10R6 l i n e  f i l t e r  
i s  used t o  e l imina t e  hig.-frequency no ise  and t r a n s i e n t s  on t h e  
115 Vac l i n e .  An ON/OFF c a p a b i l i t y  is provide3 by s o l i d  s t a t e  
r e l a y s  K3 and K4 which switch both  sides of t h e  115 Vac l i n e .  

Switching power s u p p l i e s  were used t o  minimize s i z e  and 
power d i s s i p a t i o n .  Small s i z e  was needed because of t h e  small 
volume a v a i l a b l e  f o r  t h e  power supply and Eickhoff i n t e r f a c e  cir- 
c u i t r y  wi th in  t h e  r a d i o  compartment of t h e  Eickhoff machine. 
The. input  of  each power supply was f t s e d .  A l l  power supp l i e s  
have c u r r e n t  m d  vol tage  l i m i t i n g  i n t e r n a l l y .  The gro-.:nd s i d e  
(or  common) f o r  a l l  power supply i s  t i e d  toge ther  a t  a 
s t r i p  i n s i d e  t h e  e l e c t r o n i c s  i nne r  enclosure .  

The worst  case  c u r r e n t  and power requirements f o r  t h e  va r ious  
components of t h e  system a r e  given i n  Tables 3 and 4 .  I t  should 
be noted t h a t  t h e  design of  t h e  power supply w a s  Sased on t h e  
assumption t h a t  two r ada r  u n l t s  would be used. This  had a  l a r g e  
impact on t h e  power supply design s i n c e  t h e  r a d a r s  consume one- 
h a l f  of t h e  t o t a l  system power. The system conf igu ra t ion  f i n a l -  
i zed  f o r  use a t  Old Ben Mine used a c o u s t i c  fo l lowers  r a t h e r  than 
r a d a r s  and t h e  t o t a l  s y s t e m  dc power consumed was only  55W. 

4.6.6 Front  Panel  Control3  and Display 

One of t h e  major cons ide ra t ions  i n  desiqning c o n t r o l s  f o r  
a n  explosion-proof box i s  t o  minimize the  number of c o n t r o l s .  
The through-cover a c t ! ~ a t o r s  a r e  b i g  and complicate t h e  packaginq 
of a given sygtem. Figure  37 shows t h e  o r i e n t a t i o n  of t h e  con- 
t r o l s  and d i s p l a y s  on t h e  f r o n t  panel .  The fol lowing c o n t r o l s  
were considered a  minimum number requi red  f o r  normal opera%iac 
and t o  do microcompute- debug procedures: 
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T A B U  3. - VCS C-T REQUIREMENTS AS h 

FUNCTION OF VOLTAGE 

rw system 

CPU card 
Keyboard/display 
EPRCM/vart 
A D  card 
RAX card with 8 K  

Current in Amps 

Input signals  

Radar (2) 
O r  acoustic sensor (2 
Picks and amplifiers 
NPS and signal cond. 

Custom I/O boards 

4 pick cond. boards 
CID input board 
Tape recorder board 
Arm cc.-trol anC status 
displal 

Output devices 

Tape recorder 
Optica 1 interface 
for urn control 
Status indicator 
l ights  

TOTALS With two radars 

With two acoustics 

-N +5V 

1.400 
0.600 
1.200 
0. U)O 
0.177 

0.430 

0.265 
0.265 

0.365 

0.100 

0.050 

0.080 

5.697 

5.267 

+I 2V 

0.050 
0.075 

-1 2V 

0.035 
0.375 

5.200 
0 .5  
0.120 
0.253 

0.210 

0.120 

0.120 

6.145 

1.195 

0.080 
0.5 
0.120 

0.210 

0.520 

0.94 

0.180 

0.180 

6 



TABLE 4. - VCS POWER REQUIREMENTS 

I 

HP system 

CPU card 
Keyboard/display 
EPROIH/vart 
A D  ca rd  
RAM ca rd  wi th  8K 

Custom 110 boards 

Timer 
Pick cond. boards (4) 
CID input  b a r d  
Tape input  board 
Arm c o n t r o l  and 
s t a t u s  d i sp l ay  board 

Input s i g n a l s  

Radar (2) 
Acoustic sensor  (2) 
Picks and pre-amps 
NBS and s i g n a l  ccnd. 

Output devices  

Tape recorder  
* t i ca l  intez face  
f o r  arm c c n t r o l  
S t a t u s  i nd ica t czs  

System t o t a l  (with radar  fo l lowers)  

(with acous t i c  f9 l lcwers)  

Powsr consumption (Watts) 

7.0 
3.0 
7.02 
4.3 
0.89 

22.21 

1.325 
5.04 
1.325 
1.325 

1.825 

10.84 

6ti. 41 
- ( I f  used, 12) 

2.88 
3.0 

72.29 
J 

1.94 

0.25 
1.84 

4.33 

109.37 

54.96 
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Figure 37.  - Front panel .  



2 .  A t l ? O / M A N U A L  switch 

3.  RUN/CAL 

Run p o s i t i o n  - Enter  main r o u t i n e  

C a l  p o s i t i o n  - Enables t h e  A D J  ( A D J U s l l  and 
N E X T  pushbuttons 

4. NEXT pushbutton - When pressed  sequences through a 
list of  v a r i a b l e s  t h e  v a r i a b l e  name and va lue  is displayed.  The 
v a r i a b l e s  are altered by p re s s ing  t h e  AD; pushbutton. 

5 .  A D J U S T  pushbutton - When pressed  increments t h e  vari- 
able being displayed.  

6 .  R E S E T  pushbutton - General purpose pushbutton whose 
func t ion  v a r i e s  wi th  t h e  program being run. I n  gene ra l ,  it is 
used t o  t e rmina te  a given t a sk .  

A wind~w on t h e  s i d e  of t h e  explosion-proof enc losure  a l lows  
i n d i c a t o r s  i n s i d e  t o  be monitored. The fol lowing d i s p l a y s  are 
used : 

1. A l p h a n u m e r i c  Display - An e i g h t - d i g i t  d i s p l a y  on t h e  
keyboard/display ca rd  bu t  v i s i b l e  through a set of  windows. The 
d i sp l ay  is used t o  prompt t h e  ope ra to r  and t o  d i s p l a y  a number 
of v a r i a b l e s ,  messages, and menory loca t ions .  

2. LED - Eight  LEDs a r e  a l s o  a p a r t  of  t h e  keyboard/ 
d i s p l a y  board. Their  use is uncommitted a t  p re sen t .  They can 
be used t o  d i s p l a y  s t a t u s .  

3 .  S T A T U S  I N D I C A T C R S  - Three LED$ ale used t o  d i s p l a y  
A U i q O ,  MANL'AL and F A U L T .  The A U T O  and MANUAL d i s p l a y s  a r e  ob- 
v ious ly  t o  i n d i c a t e  whether t h e  s i r s t e m  i s  i n  automatic o r  
manual opera t ion .  The F A U L T  i n d i c a t o r  t e l l s  t h e  o p e r a t o r  t h a t  
a problem e x i s t s  wi th  t h e  system. 

4 .  3 I S ? L A Y / C O N T R O L  B O A R D  - The Display/Ccntrol  board 
provides  a d i g i t a l  1/0 i n t e r f a c e  between t h e  microcomputer and 
the  f ron tpane l  c o n t r o l s  a s  w e l l  a s  t h e  Eickhoff i n t e r f a c e .  

5 .  Z I C K 2 3 F F  I N T E R F A C E  AND THE FRONT P A N E L  - The Front  
Panel I n t e r f a c e  func t iona l  block diagram is shown i n  Fig- 
u re  38. The 1/0 p o r t  decoder i s  i d e n t i c a l  t o  t h e  decoder por- 
t i o n  of s e v e r a l  o t h e r  boards i n  t h e  system. I t  is composed of 



Figure 38.  - Front panel i n t e r f a c e .  



U 1  through U7. Input  p o r t  0 4  is composed of  U 1 1  and U12. Thls  
p o r t  is  t h e  i n t e r f a c e  f o r  t h e  f r o n t  panel  switches.  T1.e least 
s i ~ n i f i c a n t  4 b i t s  of t h e  p o r t  are i n  c r d e r  o f  i nc reas ing  
s i g n i f i c a n c e  NSXT, ADJUST, RUN/CAL, and RESET. The up,..er 4 b i t s  
of input  p o r t  0 1  s t a r t i n g  wi th  t h e  MSB are SPARE, AUTO,  38 VOLTS, 
MANUAL. The o p t i c a l  i s o l a t o r s  between t h e  c o n t r o l s  and i n p c t  
p o r t  04 prevent  no i se  on t h e  39-Vdc l i n e  from causing problems 
i n  t h e  microcomputer. 

Output p o r t  05 (U8 and U9) provides  t h e  d r i v e  f o r  t h e  s t a t u s  
LEDs FAULT, AUTO,  and MANUAL on b i t s  3, 2,  1, and 0 ,  r e s p e c t i v e l y .  
Two o t h e r  b i t s  ( b i t  4  and b i t  5)  of  p o r t  06 are used t o  c o n t r o l  a 
1.5-sec timer (see Figure  3 9 ) .  The timer acts a s  a miss ing 
pu l se  d e t e c t o r .  The ou tpu t  p o r t  0 3  f o r  c o n t r o l l i n g  t h e  -:anging 
arms is  enabled by g a t i n g  U 1 4  a n l y  i f  a reset pu l se  immediately 
followed by a t r i g g e r  pu l se  occurs  once pe r  second. I f  t h e r e  
i s  a problem i n  sof tware  o r  system hardware and p u l s e s  cease ,  
t h e  timer w i l l  time-out a f t e r  1.5 sec and c o n t r o l  o f  t h e  drums 
w i l l  be i nh ib i t ed .  

The cross-connected t r i -s tate 74126 b u f f e r s  ( U 1 4 )  prevent  
a given drum from being commanded t o  go up and down simultaneously.  

The ou tpu t  of t h e  timer is buffe red  by U7 (p in  6) and used 
as a s i g n a l  t o  i n h i b i t  t h e  l a t ch ing  r e l a y  i n  t h e  Eickhoff i n t e r -  
f a c e  and r e t u r n  system ope ra t ion  from automat ic  t o  manual. 
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5. BRUCETON MLF TESTING 

5.1 BACKGROUND 

P r i o r  t o  t h e  FMA c o n t r a c t  MSFC had implemented a c o n t r o l  
system on t h e  Joy shea re r  a t  Bruceton. FMA e s s e n t i a l l y  took over 
t h i s  hardware i n  p l ace  and gradua l ly  transformed it i n t o  a con- 
f i g u r a t i o n  t h a t  w a s  as nea r ly  a s  p o s s i b l e  i d e n t i c a l  t o  t h a t  which 
w a s  i n s t a l l e d  underground a t  Old Ben Coal. The fol lowing para- 
graphs desc r ibe  t h e  chronologica l  sequence of  t h o s e  t e s t i n g  
e f f o r t s  a s  t h e  f i n a l  conf igura t ion  became a v a i l a b l e  and t h e  cu l -  
minat ion of t h e s e  tests a t  Bruceton wi th  a formal demonstrat ion 
of  t h e  c o n t r o l  system t o  MSFC i n  March of  1981. 

5.1.1 MSFC System Descr ipt ion 

Figure  40 is a block diagram rep re sen t ing  t h e  f u n c t i o n a l  
c h a r a c t e r i s t i c s  of what w i l l  be r e f e r r e d  t o  as t h e  MSFC config- 
u ra t ion .  Bas i ca l ly  t h e  analog s i g n a l s  from t h e  s enso r s  were 
brought t oge the r  i n  a junct ion box t h a t  was phys i ca l ly  l oca t ed  
on t h e  Joy shearer .  Those s i g n a l s  were then  t r a n s n i t t e d  v i a  a 
64-in. conductor cable t o  a t r a i l e r  t h a t  housed an i n t e r f a c e  box 
f o r  s i g n a l  condi t i cn ing .  The i n t e r f a c e  box then  suppl ied  t h e  
H e w l e t t  Pazkard 9825 d a t a  base wi th  t h e  b a s i c  sensor- info-mat ion.  
The 9825 processed t h e  d a t a ,  genera t ing  comands f o r  t h e  f r o n t  
and r e a r  drum c o n t r o l  which e s s e n t i a l l y  r ev i sed  t h e  process  
through t h e  i n t e r f a c e  and ju rx t ion  boxes t o  t h e  electrical 
so lenoids  on t h e  Joy. The commands generated were d i g i t a l  pu l se  
s i g n a l s  and def ined  du ra t ion  and d i r e c t i o n  corresponding t o  t h e  
r equ i r ed  movement of t h e  drums. I t  is worth no t ing  t h a t  a s  
shown on Figure  40, 115V power W.LS suppl-ied t o  t h e  junct ion box 
f o r  conversion t o  t h e  vo l t age  requirement of t h e  sensors .  

5.1.2 MSFC Hardware/Software Descr ipt ion 

Although as shown on Figure  40, t h e  MSFC conf igu ra t ion  con- 
t a i n s  t h e  b a s i c  func t ions  requi red  f o r  a c o n t r o l  system, t h e r e  
are s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  hardware used i n  t h e  Old Ben 
c o n f i g u r a t ~ o n .  Therefore ,  it is  probably worth a moment t o  re- 
view t h e  d e t s i l s  of t h e  MSFC hardware. 

The f r o n t  and r e a r  drum arm p o s i t i o n  w a s  obta ined from 
l i n e a r  potent iometers  a t t ached  t o  t h e  s h a f t s  of t he  drum arm 
hydrau l ic  c y l i n d e r s .  ':he ?resen t  and l a s t  c u t  fo l lowers  used 
15 GHz radar  and t h e  downface d i s t a n c e  measuremexit device  w a s  
an extremely accura te  encoder used i n  conjunct ion wi th  t h e  f ace  
a l igrment  system. The s e n s i t i z e d  p i cks  a t  t h i s  time incorpora ted  
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an FM l i n k  f o r  da t a  t ransmiss ion wi th  no provis ion  t o  be incor-  
porated i n t o  t h e  c o n t r o l  system. There was provis ion  f o r  a C I D  
i npu t  bu t  s u i t a b l e  hardware was no t  y e t  ava i l ab l e .  

A s  previously  noted,  a  junct ion box was phys i ca l ly  l oca t ed  
on t h e  shearer  while t h e  i n t e r f a c e  and c o n t r o l  hardware was con- 
t a ined  i n  a t r a i l e r  some 30 f t  from t h e  shea re r .  A Hewlett 
Packard 9825 desk  to^ computer was used as t h e  c o n t r o l  hardware 
genera t ing  c o n t r o l  s i g n a l s  for t h e  s h e a r e r ' s  e l e c t r i c  so l eno ids  
t h a t  a c t i v a t e  t h e  drum am hydrau l ics .  I n  add i t i on ,  a  
H e w l e t t  Packard p l o t t e r  was a v a i l a b l e  i n  t h e  t ra i le r  f o r  d a t a  
reduct ion and presen ta t ion .  This was most convenient  s i n c e  a l l  
of  t h e  sensor  information and c o n t r o l  s i g n a l s  were a v a i l a b l e  
a t  t h e  9825 and s t o r e d  on t a p e  f o r  subsequent ana lys i s .  

The software r e s i d e n t  on t h e  9825 w q s  e s s e n t i a l l y  t h a t  
corresponding t o  a MODE I1 o r  a ruodified MODE I1 opera t ion .  That  
i s  t o  say t h a t  s i n c e  a C I D  w a s  no t  a v a i l a b l e ,  MSFC had c r e a t e d  
sof tware  t h a t  could be used t o  c o n t r o l  t h e  shea re r  wi thout  CFD 
input .  I n  add i t i on ,  an ex tens ive  p l o t  r o u t i n e  was a v a i l a b l e  f o r  
data p re sen ta t ion  and ana lys i s .  

5.2 FMA DEVELOPMENT AND TESTING PHILOSOPHY 

Given t h d t  a set of func t ion ing  hardware e x i s t e d  a t  Bruceton, 
it seemed use fu l  t o  u t i l i z e  t h i s  hardware t hus  ga in ing  exper ience 
wi th  t h e  Joy machine. This  was accomplished by adopt ing a ph i l -  
osophy or rep lac ing  t h e  MSFC components wi th  FMA conponents as 
they became a v a i l a b l e ,  while cont inuing t o  keep t h e  e n t i r e  s y s t a r  
onera t ing  a t  Bruceton. The fol lowing paragraphs w i l l  describe 
t h a t  process as it occurred.  

5.2.1 Old Ben Configurat ion 

A t  t h e  o u t s e t  c f  t h e  prel iminary design phase, FMA def ined 
what w i l l  be r e f e r r e d  t o  a s  t h e  Old Ben configuratior . .  The 
o b j e c t  of t he  t e s t i n g  a t  Bruceton was t o  then  s u b s t i t u t e  com- 
ponents a s  they became a v a i l a b l e  u n t i l  FMA could demonstrate t h e  
Old Ben conf igura t ion  a t  Bruceton. A t  t h i s  po in t  i n  t ime,  the 
Old Ben conf igura t ion  cons i s t ed  o f :  

1. L a s t  c u t  fol lower  - r a d a r  o r  a c o u s t i c  

2.  P resen t  c u t  fol lower  - r ada r  o r  a c o u s t i c  

3. Two s e n s i t i z e d  p i cks  - f r o n t  drum only  

4 .  Downface d i s t a n c e  



5 .  Front  and rear drum am p o s i t i o n  i n d i c a t o r s  - 
potent iometers  

6. Natural  background sensor  

7. C o n t r o l l e r  

8. Power s u p p l i e s  - i n t e r f a c e  hardware. 

Each of t hese ,  wi th  a few except ions  t h a t  w i l l  be noted,  
were tested, f i r s t  as components a t  FMA, MSFC and f i n a l l y  Bruceton. 
Those r e s u l t s  w i l l  be b r i e f l y  d i scussed  i n  t h e  nex t  subsec t ion .  

5.2 .2  Component Tes t  Resu l t s  

A t  t h e  beginning of t h e  des ign  work, FMA proposed an alter- 
n a t i v e  t o  r a d a r  a s  a c u t  fol lower .  That a l t e r n a t i v e  w a s  an  o f f -  
the-shelf  acous t i c  d i s t a n c e  measuring t ransducer  and a s soc i a t ed  
e l e c t r o n i c s .  This  w a s  v i r t u a l l y  t h e  f i r s t  p i ece  of FMA hardware 
t e s t e d  on t h e  Joy shearer .  The component test  r e s u l t s  w e r e  
success fu l  desc r ib ing  a s i g h t i n g  cone angle  of 3 deg which was 
wi th in  t h e  needed l i m i t s .  More important ly ,  t h e  a c o u s t i c  u n i t  
could be skewed from v e r t i c a l  up t o  1 0  deg when shoot ing  a rough 
su r f ace  t a r g e t  such a s  coa l .  The u n i t  was mounted on t h e  Joy 
shea re r  a s  both a l as t  and p re sen t  c u t  fol lower  and t e s t e d  f o r  
numerous hours wi th  and without both d e b r i s  and water. I n  a l l  
cases t h e  a c o u s t i c  u n i t  has performed succes s fu l ly .  

MSFC suppl ied  FMA with  a 15 GHz r ada r  u n i t  which was sub- 
sequent ly  redesigned t o  t h e  35 GHz range t o  f a c i l i t a t e  packaging. 
Four 35 GHz u n i t s  were f a b r i c a t e d  and bench t e s t e d  a t  Georgia 
Tech's  Radiat ion Laboratory.  Severa l  problems were noted i n  
t h e s e  tests r e l a t i n g  t o  look angle .  I t  was much t o o  l a r g e  GIT 
proposed using a l e n s  t o  focus t h e  r ada r  beam. A l e n s  t-AS sub- 
sequent ly  developed and t e s t e d  w i t h  s a t i s f a c t o r y  r e s u l t s .  When 
t h e  f i r s t  u n i t s  a r r i v e d  a t  Bruceton, they were placed i n  t h e  l a s t  
c u t  p o s i t i o n  t o  avoid the debris a s s o c i a t e d  wi th  t h e  p r e s e n t  cut 
pos i t i on .  

The upshot of t h e  ex tens ive  t e s t i n g  conducted on t h e  r ada r  
u n i t s  is t h a t  they were unsu i t ab l e  f o r  underground a p p l i c a t i o n ,  
t h e  primary reason boing t h e i r  i n t o l e r a n c e  t o  d e b r i s  and water. 
The r ada r  u n i t s  were no t  considered as t h e  primary dev ices  f o r  
p re sen t  and l as t  c u t  fol lowers .  

The downface d i s t a n c e  device  proposed f o r  Old Ben was a 
mu l t i p l e  t u r n  potent iometer .  This  dev ice  wi th  app rop r i a t e ly  
d i f f e r e n t  mounting hardware was i n s t a l l e d  on t h e  Joy shea re r  much 
as it was a t  O l d  Ben. This  u n i t  performed without  i nc iden t .  



The s e n s i t i z e d  pick configurat ion f o r  Old Ben ured r l i p r i n g s  
a s  a means of bringing t h e  s i g n a l  from t h e  pick t o  t h e  c o n t r o l l e r .  
The Joy shearer  was r e t r o f i t t e d  with the  necerrary hardware t o  
accommodate the  pick leads  and s l i p r i n g s .  Both s e n r i t i z e d  picks 
were i n s t a l l e d  with preamps t o  m i n h i z e  noise e f f e c t s  through t h e  
s l ip r ings .  Both picks were t e s t e d  repeatedly on t h e  mock longwall 
f ~ c e .  The s l i p r i n g s  and pick hardware perforned without inc ident  
during these tests. I t  should be noted, however, t h a t  t h e  a b i l i t y  
of the  discr iminat ion c i r c u i t r y  t o  d i s t ingu i sh  between rock and 
coal  was never proven. This could i n  p a r t  be a t t r i b u t e d  t o  t h e  
block of "coalcre te"  i t s e l f  s ince  both t h e  simulated cap and 
simulated coa l  were ~ x t r e m e l y  hard. 

As previously noted, MSFC had u t i l i z e d  l i n e a r  potentiometers 
on the  arm hydraulic cy l inders  t o  determine a m  posi t ion  r e l a t i v e  
t o  the  shearer  body. Since t h e  Old Ben configurat ion required 
ro ta ry  pots ,  t h i s  type was used (on t h e  p ivot  poin t  of t h e  arm) 
ins tead  of t h e  l i n e a r  devices. These also performed without 
incident .  

The n a t u r a l  background sensor was never t e s t e d  a t  Bruceton 
because it was impract ical  t o  provide a s u i t a b l a  s i g n a l  a t  t h e  
sur face  test f a c i l i t y .  

The c o n t r o l l e r  and i t s  associated hardware was thoroughly 
bench t e s t e d  a t  FMA and supplied t o  Bruceton i n  working order  
including the software. This p a r t i c u l a r  hardware was t e s t e d  i n  
t h e  systems t e s t s  which w i l l  be described i n  a l a t e r  subsection. 

The power suppl ies  used t o  convert 11SV t o  logic  l e v e l s  
was i n s t a l l e d  and used a t  Bruceton during t h e  e n t i r e t y  of t h e  
sur face  tests. One type of power supply f a i l e d  twice leading t o  
t h e  i d e n t i f i c a t i o n  of a bad s e t  of capac i to r s  which were sub- 
sequently t e s t e d  and replaced i f  necessary i n  t h e  remaining u n i t s .  
The stepdown transformer required t o  go from m i ~ e  power - lOOOV 
t o  llSV - was not  t e s t e d  a t  Bruceton s ince  t h e  Joy shearer  oper- 
a t ed  on 460V. A s  one would expect,  the remaining i n t e r f a c e  
hardware was t o o  Old-Ben-specific t o  be t e s t e d  a t  Bruceton. 

with the  exception of those few previously noted, t h e  
components used a t  Old Ben were t e s t e d  as a system a t  Bruceton. 
The s p e c i f i c s  of the  Old Lzn cont ro l  system demonstrated formally 
t o  NASA YSFC w i l l  be discussed i n  t h e  next  subsectior,. 

5.2.3 Final  Old Ben Configuration 

The f i n a l  Old 3en configurat ion tested at Bruceton w a s  
a s  follows: 



1 Acoustic las t  c u t  fol lower  

2 .  Acoustic p re sen t  cut  fol lower  

3. Two s e n s i t i z e d  p icks  - f r o n t  drum 

4. Cownf ace  d i s t a n c e  

. Front  and rear drum arm poten t iometers  

6. Con t ro l l e r  

7. Power s u p p l i e s  ( p a r t i a l )  . 
Figure  4 1  shows a f u n c t i o n a l  r e p r e s e n t a t i o n  of t h e  O l e  Ben 

conf igura t ion  t e s t e d  a t  Bruceton. This  diagram a l s o  shows some 
of t h e  detai7.s of t h e  c o n t r o l l e r  i t s e l f  such as t h e  f i l t e r i n g ,  
analog t o  d i g i t a l  convers ion,  t h e  microprocessor and t h e  real- 
time t a p e  recording c a p a b i l i t i e s .  

I t  is  worth no t ing  t h a t  t h e  Joy arm dynamic response was 
a l t e r e d  t o  approximate t h e  Eickhoff shea re r  used a t  Old Ben. 
A l l  of t h e  hardware w a s  mounted on t h e  Joy shea re r ,  a l though 
t h e  l i n k  between t h t  MSFC junc t ion  box and t h e  H e w l e t t  Packard 
4825  was maintained i n  p a r a l l e l .  This  was ?me s o  t h a t  f irst  
t h e  convenience of t h e  HP qu ick  turnaround on da t a  could be 
maintained and second, t o  v e r i f y  t h e  t a p e  recording c a p a b i l i t y  
i n  t h e  FMA c o n t r o l l e r  by d i r e c t  comparison t o  t h e  HP o u t l e t .  

Since t h e  performance of t h e  s e n s i t i z e d  p icks  i n  t h e  Bruceton 
c o a l c r e t e  was ques t ionable ,  p rov i s ions  u re made i n  t h e  hardware 
t o  supply a s imulated ' 'coalnor "rock" s i s n a l  t o  t h e  microprocessor 
on demand so t h a t  t h e  e n t i r e  c o n t r o l  a lgor i thm could be thoroughly 
t e s t e d .  

Figures  4 2 ,  4 3 ,  4 4 ,  and 4 5  are photos taken of t h e  a c t u a l  
Bruceton s e n s i t i z e d  p icks ,  l a s t  c u t ,  p r e s e n t  c u t ,  and drum poten- 
t i ome te r s ,  r e spec t ive ly .  Figure  46 is  an o v e r a l l  s h o t  of t h e  
shea re r  showing t h e  downface d i s t a n c e  sensor ,  t h e  c o n t r o l l e r  
enclosure  and t h e  power supply box. 

5 . 3  OLD BEN DEMONSTRATION TEST 

In  March o f  1981 ,  FMA formal ly  d smmst ra t ed  t h e  Old nen 
Conf icjurat ion c o n t r o l -  system t o  MSFC cif i c i a l s  a t  Bruceton, PA. 
The following i s  a d i scuss ion  of t h e  tests performed, t h e i r  
l i m i t a t i o n s  as w e l l  a s  a p r e s e n t a t i o n  and d i scuss ion  of test 
da t a .  



Figure 41. - System functional diagram - Bruceton t es ts .  









5.3.1 T e s t  Sequence 

A l l  of  t h e  t e s t i n g  f o r  t h e  demonstrat lon w a s  conducted as 
modified MODE I tests, t h a t  is  t o  say ,  real - t ime f r o n t  and r e a r  
drum con t ro l .  I n  add i t i on ,  FMA d i d  provide o t h e r  sof tware  
op t ions  f o r  poss ib l e  s i t u a t i o n s  underground. These included 
f u l l  MODE I1 sof tware  as w e l l  as a rear drum s l a v i n g  rou t ine .  
The r e a r  drum s l av ing  r o u t i n e  was t e s t e d  a t  Bruceton and w i l l  
be d iscussed  later. 

FM% conducted two types  o f  tests, tram and cu- t ing .  The 
tram tests w e r e  conducted by tramming t h e  shea re r  under an ex- 
tended cap such t h a t  t b e  l as t  and p re sen t  c u t  ful lower  had roof  
p r o f i l e s  t c  follow. Obvic - - s l y ,  it w a s  c2cessairy t o  set f i c t i -  
t i o u s  nominal set p o i n t s   or t h e  f r o n t  and rear drum s o  they  
wouldn't inadver ten t ly  plow i n t o  t h e  f l o o r  o r  cap. Tram rms 
served two purposes; f i r s t ,  they conserved t h e  block whi le  
al lowing a mul t i tude  of  runs  t o  test t h e  b a s i c  c o n t r o l  hardware, 
and second, they allowed much higher  tram r a t e s  t o  be t e s t e d  
than  w a s  pos s ib l e  while c u t t i n g  t h e  a r t i f i c i a l  face .  It tu rned  
oct t h a t  t h e  formulation used f o r  t h e  block r e s u l t e d  i n  an 
extremely hard m a t e r i a l ,  so  hard,  i n  f a c e ,  t h e  Joy shea re r  was 
capable of tramming f a s t e r  t han  5 f t /min  while c u t t i n g .  Old 
Ben, on t h e  o t h e r  han3, w a s  expect ing t o  run a t  between 20 and 
25 f t /min  along t h e  face.  Therefore ,  it w a s  e s s e n t i a l  t h a t  tram- 
only tests be conducted a t  t h e  h igher  speeds. 

For t h e  purposes of t h e  Old Ben demonstrat ion tests t o  
MSFC, FMA conducted a series of tramming tests t o  demonstrate 
t h e  s f f e c t  of speed water sprays ,  s imulated p i c k s ,  pan l i n e  
prealignments,  s imulated s h i e l d s  and r e a r  d r m  s lav ing .  These 
t e s t s  were followed by a full-web f u l l - f a c e  c u t  under FMA c o n t r o l .  
The f i n a l  s t a g e s  of t h e  t e s t i n g  demonstrated t h e  a b i l i t y  t o  
c o l l e c t  2 ick d a t a ,  t h e  FMA t a p e  record  c a p a b i l i t y  and some ma:- 
func t io2  rou t ines  b u i l t  i n t o  t h e  software.  The fa l lowing  para- 
graphs w i l l  p r e sen t  the r e s u l t s  of those  tests and d i s c u s s  t h e  
p e r t i n e n t  f ind ings .  

5.3.2 Presen ta t ion  and Diszuscion of Data 

The Bruceton mock Ion- 2 1  block is a f ace  I)@ f t  long by 
approximately 80 i n .  high.  A l l  o f  t h e  d a t a  presented he re in  is  
shown a s  a funct ion of t h e  p s i t i o n  on t h e  f ace  t o  t h e  nea re s t  
f o o t ,  and a s  a func t ion  of he igh t  from t h e  f l o o r  i n  inches .  A l l  
of t he se  runs were documented on v ideo  t a p e  and are avai'able 
on reques t  through MTIS. 



Tram T e s t s  

Figures 47 and 48  shown t h e  r e s u l t s  of a tran test using 
acous t ic  followers f o r  con t ro l  only. This test was conducted a t  
slow speed approximately 1 4  f t lmin and d id  not  use simulated 
picks.  Figure 47 s h o ~ s  t h e  comparison between t h e  l a s t  c u t  fo l -  
lower readings and t h e  pos i t ion  of t h e  f r o n t  drum. A s  may be 
noted, t h e  c o r r e l a t i o n  is very good showing a s l i g h t  averaging 
e f f e c t  as t h e  f r o n t  drum t r acks  t h e  l a s t  c u t  readings,  It is 
worth not ing t h a t  t h e  f r o n t  drum is not ac t iva ted  a t  t h e  0 f t  
poin t  t o  insure  t h a t  t h e  last c u t  follower is receiving a good 
s igna l .  Therefore a s  t h e  diagram shows, t h e  drum is a few f e e t  
under t h e  cap a t  the  s tar t  of t h e  tram test. 

Figure 48 shows t h e  r e a r  drum pos i t ion  a s  it fo l l>ws  t h e  
present  c u t  readings. A s l i g h t  averaging e f f e c t  is a l s o  noted 
here. I t  is worth not ing t h a t  the  averagina e f f e c t  is a r e s u l t  
of a l o t  =f work r e l a t i n s  t o  t h e  dead band of t h e  con t ro l  system, 
P r io r  t o  these,  extensive tests w e r e  conducted t o  de f ine  an 
optimum p r a c t i c a l  dead band t h a t  allowed s u f f i c i e n t  response y e t  
l imi ted  t h e  wear snd t e a r  on t h e  shearer  hydraulics.  These as 
we13 a s  t h e  rest of t h e  t e s t s  were conducted with a 2112 in.  
dead band. 

Figures 49 and 30 a r e  the? f r o n t  and rear drum p l o t s  fcr 
a s i m i l a r  run a t  maderate speed, 25  f t lmin.  Camparisons back t o  
Figures 47 and 48 show a degree of averaging has occurred on both 
t h e  present  and l a s t  c u t  follower output .  This then shows a more 
cons i s t en t  dynamic behavior with t h e  drum pos i t ion  a s  t h s  e f f e c t  
of t h e  dead band i s  lessened by t h e  increased tram speed. I n  
both cases ,  however, t h e  c o r r e l a t i o n  between requested ana a c t u a l  
pos i t ion  is  q u i t e  good. 

Figure 51 and 52 show t h e  f r o n t  and r e a r  drum 2os i t ion  f o r  
a high speed tram t e s t ,  38 ft /min. This is  about a s  f a s t  a s  t h e  
Joy shearer  can tram. Comparisons oack t o  t h e  slower speed tests 
stow an increased averaging e f f e c t  brought about by t h e  high 
speeds. I t  is worth not ing t h a t  a t  no time d i d  e i t h e r  drum begin 
t o  devia te  s u b s t a n t i a l l y  frorl the  required pos i t ion .  ;'his indi -  
c a t e s  z s u i t a b l e  behavior even a t  t h e  extreme speeds. 

Figures 53 and 54 show a slow (17 f t l a i n )  speed tram run 
using water sprays on the  face  of t h e  acous t ic  sensors.  In  t h e  
underground environment, w a t e ~  sprays may be necessary t@ s t o p  a 
buildup on t h e  face  of t h e  un i t .  Comparisons back t o  Figure 27  
and 48 show very l i t t l e  e f f e c t  of water sprays,  c e r t a i n l y  nothlng 
of s ignif icance.  I-: is  worth noting thac  t h e  speed con t ro l  on t h e  
shearer  was not pre,:ise enough t o  con t ro l  t h e  hardware with any 
g rea te r  accuracy t h , m  2 3  ft lmin. 
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Figure 4 7 .  - FronJ- drum w i t h  l a s t  cut - elow speed. 
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Figure  4 8 .  - Rear drum w i t 1 1  present cut - slow speed. 
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Figure  5 0 .  - Rear drum w i t h  present cut - medium speed. 
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Figure 5 1 .  - Front drunk with present  c u t  - high speed. 
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Figure  52 ,  - Rear dram with present cut - high speed. 
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Figure 5 3 .  - Front drum with  1 ~ - t  c u t  - water syra f s .  
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Figure 54 .  - Rear drum with present cut - water sprays. 



Figure  55 showsthe f r o n t  drum r e s u l t s  of  a tram test  us ing  
t h e  simuLated s e n s i t i z e d  pick s igna l s .  As discussed elsewhere 
i n  t h i s  r e p o r t ,  t h e  bas i c  MODE I1 f r o n t  arum c o n t r o l  a lgor i thm 
r e q u i r e s  t h a t  t h e  Zrnnt drum respond t o  a "rock" o r  "coa l"  p ick  
s i g n a l  by co.nmanding DOWN o r  UP, r e s p e c t i v e l y ,  t o  t h e  l i m i t  of 
t h e  last c u t  fol lower  s e t t i n g .  I n  t h i s  case, t h e  last c u t  f o l -  
lok-c,: l i m i t  was set a t  2 i n .  As may be seen on t h e  p l o t ,  t h e  
s imulated pick s i g n a l  was a l t e r n a t e d  bet-ween "rock" and "coal"  
every 10 f t  of  f ace  t r a v e l .  A s  seen i n  t h e  10 t o  20-ft  p o s i t i o n ,  
:he p icks  a r e  r e p o r t i n g  c a a l  xhich r e q u i r e s  t h e  f r o n t  drum t o  
move up bu t  n o t  exceed t h e  2-in. d i s t a n c e  from t h e  l a s t  c u t .  
A t  20 f t  t h e  s i g n a l  is reversed t o  rock r e q u i r i n g  t h e  drum t o  
descend bu t  no t  beyond t h e  ?-in. d e l t a ,  This sequence i s  repea ted  
a c r o s s  t h e  f ace  showing good t r a c k i n 9  c a p a b i l i t y  and a funct ion-  
i i ~ g  c o n t r o l  algori thm. 

Figures  55 an3 56 show a slow speed tram test  wi th  a + in .  
v e r t i c a l  misalignment i n  t h e  pan l i n e  and the e f f e c t  of  a simu- 
l a t e d  s h i e l d  t i p ,  

The 4-in. v e r t i c a l  pan l i n e  misalignment was achieved by 
p u t t i n g  a 4 x 4 under t h e  pan l i n e  a t  t h e  35-f t  mark on t h e  face .  
The 4 x 4 i n  p l ace  is  shown i n  Figure  57.  

The simulated s h i e l d  t i p  was c r e a t e d  by f l b r i c a t i n g  a plywood 
4- f t  wide model of  a t i p  and cover ing t h e  su r f ace  wi th  s t a i n l e s s  
steel s h e e t  t o  s imulate  t h e  acous t i c  r e t u r n  c h a r a c t e r i s t i c s  of 
an a c t u a l  sh i e ld .  A photo of  t h i s  s imulated t i p  is shown i n  
Figure  58, 

Figure  55 shown t h e  f r o n t  drum z e s u l t s  of t h i s  test. These 
s e p a r a t e  curves  a r e  superimposed t o  see t h e  e f f e c t  o f  t h e  v e r t i c a l  
misalignment. The f i r s t  curve is t h e  l a s t  c u t  reading from 
Figure  47 which was a tram t e s t  a t  t h e  same speed wi thout  m i s -  
alignment o r  a s h i e l d  t i p .  The o t h e r  two curves  a r e  t h e  l a s t  c u t  
reading and t h e  f r o n t  drum pos i t i on  w i t h  t h e  4 x 4 i n    lace. A s  
may be seen be-ween t h e  40 and 50-f t  mark, t h e  e f f e c  )f t h e  m i s -  
alignment shows up c l e a r l y .  I t  is  worth no t ing  t h a t  che e f f e c t  
on t h e  f r o n t  drum w i l l  no t  be seen u n t i l  t h e  shoes of t h e  shea re r  
body begin t o  rise, hence, t h e  6- f t  de lay  i n  t h e  p l o t .  I t  does 
show proper behavior by t h e  c o n t r o l  system. 

Fur ther  ?own t h e  f a c e  a t  t h e  62- f t  mark, FICn. placed t h e  
s imulated s h i c l d  6-in. from t h e  f r o n t  drum. A s  may be seen i n  
Figure  54, t h e r e  i s  v i r t u a l l y  no d i f f e r e n c e  i n  t h e  l a s t  c u t  
readings  when compared wi th  t h e  Figure  47 readings .  Hence, t h e  
a c o u s t i c  fol lower  should be a b l e  t o  see i n t o  t h e  6-in. gap a t  
31d Ben Coal. 
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Figure 55 .  - Front drum with simulated picks. 
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Figure 5 6 .  - Front drum with 4-in. perturbation. 





Figurc  56 shows t h e  same r e s u l t s  f o r  t h e  rear drum. Once 
aga in  t h e  s p a t i a l  s h i f t  i n  t h e  m i r i l i g m e n t  is due t o  t h e  d i s -  
t ances  between t h e  drum c e n t e r  l i n e  and s h e s r e r  body shoes - 
aga in ,  proper behavior,  de lay ,  e t c .  

Figure  59 shows t h e  r e s u l t s  of  a tram test t o  v e r i f y  t h a t  
t h e  rear drum could nea r ly  be slaved t o  t h e  p o s i t i o n  of  t h e  f r o n t  
drum. This  was a proposed back-up f o r  Old Ben should we encounter  
mu l t i p l e  sensor  f a i l u r e s .  A l l  t h a t  i 8  needed t o  accomplish t h i s  
are t h e  f r o n t  and rear arm p o t s  o r  t h e  p re sen t  c u t  fol lower .  
I n  t h i s  ca se ,  t h e  rear drum is s laved  through t h e  arm poten t io -  
meter. The s l i g h t l y  d i f f e r e n t  response c h a r a c t e r i s t i c s  were due 
t o  a f a u i t y  rear drum hydrau l ic  va lve  which was s tuck  f o r  a 
per iod i n  t h e  15 t o  20- i t  f a c e  p o s i t i o n  range. However, t h e  rest 
of t h e  tests show conc lus ive ly  t h a t  r e a r  drum s l s v i n g  can be 
accomplished with  VCS. 

System Cut t ing  Test 

Figures  60 and 6 1  presen t  t h e  r e s u l t s  of  a 112 f ace  c u t t i n g  
t e s t  under FMA con t ro l .  Acoustic fo l lowers  w i th  f u l l  water  
sprays  and simulated s e n s i t i z e d  p ick  commands were used. Unfor- 
t u n a t e l y ,  t h e  s imulated c o a l  block was s o  hard t h a t  tram speeds 
of only 5 f t /min  were obta inab le .  This is t h e  reason f o r  t h e  
s t r ange  appearances of t he se  p l o t s .  The 5 f t / m i n  tram speed i s  
an average. During t h e  a c t u a l  func t ion  t h e  shea re r  l u r ches  
r a t h e r  than trams a t  t h e s e  extremely slow speeds. Therefore ,  
with t h e  second r epea t  r a t e  of t h e  c o n t r o l l e r ,  it is p o s s i b l e  
t o  g e t  two d a t a  p o i n t s  pe r  foo t .  

Never theless ,  Figure  60 shows t h e  performance of t h e  f r o n t  
drum under s imulated pick and l a s t  c u t  c o n t r o l  while c u t t i n g .  
There is b a s i c a l l y  no dev ia t ion  from t h e  tramming r e s u l t s .  
Figure 6 1  shows t h e  performance of t h e  rear drum while  c u t t i n g ,  
once aga in ,  similar t o  t h e  tramming r e s u l t s .  I t  is worth no t ing  
t h a t  t h e  ho r i zon ta l  s c a l e s  of  t he se  last t w o  p l o t s  have been 
extended and t h a t  t he  r e a r  drum is  i n  f a c t  20  f t  behind t h e  f r o n t  
drum and hence, t h e  reduced face  t r a v e r s e  f o r  t h e  rear. 

S t a t i c  T e s t s  

Among t h e  o t h e r  tests performed dur ing t h e  demonstrat ion was 
a series of  s t a t i c  tests t o  show var ious  hardware o r  sof tware  
c a p a b i l i t i e s .  The more p e r t i n e n t  of t h e s e  t e s t s  w i l l  be desc r ibed  
i n  t h e  following paragraphs. 
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The VCS c o n t r o l l e r  is equipped wi th  a memodyne t a p e  r eco rde r  
f o r  r e a l  time d a t a  logging on the  face .  One 02 t h e  i tems t h a t  
can be v e r i f i e d  e a s i l y  i s  t h e  performance of  t h i s  u n i t  s i n c e  it 
can be compared d i r e c t l y  t o  t h e  HP u n i t .  A run was made us ing  
t h e  Memorex and HP i n  p a r a l l e l  and t h e  r e s u l t s  conpared. There 
was e s s e n t i a l l y  a l i n e  t o  l i n e  match. Figure  61  shows a pic-  
t u r e  of t h e  memodyne hardware used t o  i n t e r f a c e  wi th  t h e  HP9825. 

During t h e  course  of  t h e  c o n t r o l  a lgor i thm des ign ,  it became 
apparept  t h a t  should a sensor  drop o u t  or  g ive  c o n s i s t a n t l y  er- 
roneous readings ,  t h e  VCS should k ick  o u t  and r e t u r n  c o n t r o l  
t o  t h e  opera tor .  This  d a t a  q u a l i t y  check was demonstrated a t  
Bruceton by blocking o u t  a c u t  fo l lower ,  and a l lowing t h e  s o f t -  
ware t o  perform a reasonableness check. The demonstrat ion was 
succes s fu l  wi th  t h e  c o n t r o l l e r  r e t u r n i n g  t o  manual opera t ion .  



6. FIELD ACTIVITIES AT OLD BEN COAL CO.L 
MINE No. 27, LONGWALL 2,  

6/29/81 TO 9/14/81 

6.1 INTRODUCTION 

Because of  t h e  i n e l a s t i c i t y  of  t h e  f i e l d  test schedule and 
t h e  simultaneous e l a s t i c i t y  of  both t h e  MSM approval  p rocess  
and t h e  UMWA l abo r  a c t i o n  i n  t h e  second q u a r t e r  of 1981, t h e  
f i e l d  t e s t  du ra t ion  was compressed t o  approximately 10 weeks. 
Th i s  notwiths tanding,  a majcr e f f o r t  was made t o  t ake  advantage 
of what had been inves t ed  i n  t h e  program t o  da t e .  

There a r e  t h r e e  fundamental ques t ions  regard ing  a system 
of  t h i s  type  which must be answered through 'System Test ing."  
These a re :  

1. Is t h e  whole system o p e r a t i o n a l l y  f e a s i b l e ?  

2 .  Is it surv ivab le  i n  t h e  working environment? 

3. What i s  t h e  u t i l i t y  of t h e  system t o  t h e  intended 
use r?  

The f i r s t  ques t ion  was answered i n  t h e  course  of  ex tens ive  
t e s t i n g  and development a t  t h e  Bruceton MLF. This  a c t i v i t y  
was discussed i n  Sec t ion  5. The second two ques t ions  were t o  
be answered dur ing t h e  underground tests a t  Old Ben. 

Much was accomplished a t  Mine 27 i n  terms of  reworking t h e  
system's  phys ica l  embodiment t o  enhance i t s  s u r v i v a b i l i t y .  Con- 
d i t i o n s  a t  Mine 27 were considered by a l l  who worked and v i s i t e d  
t h e r e  t o  be grim. The mine was loca t ed  a t  t h e  e a s t e r n  edge o f  
t h e  I l l i n o i s  No. 6 bas in  an3 a s  such t h e  seam was th inn ing  o u t  
and t h e  roof condi t ions  were v a r i a b l e  and somewhat unpred ic tab le .  
Consequently, t h e  VCS hardware took a r e a l  bea t ing  dur ing  i t s  
s h o r t  s t a y  a t  Old Ben. Many of t h e  i n i t i a l  sensor  con f igu ra t ions  
were dest royed by roof f a l l s .  More o f t e n  than n o t ,  t h e  opera- 
t o r s  w e r e  forced t o  squeeze t h e  longwall  through a minimum 
c u t  of about 6 f t ,  2 f t  of which was rock. Thus t h e  roof sup- 
p o r t s  were always i n  c l o s e  proximity t o  t h e  t o p  of t h e  machine 
and any VCS hardware t h a t  was no t  w e l l  concealed and p ro t ec t ed  
was qu ick ly  removed i n  s p i t e  of t h e  s i z e  and weight of any 
at tachment.  

The subsec t ion  which fol lows is a kind of chronology of 
our  exper iences  a t  t h e  mine. A g r e a t  d e a l  was lea rned  about 
what  t o  do, and what no t  t o  do, i n  t h e  next  Vertical Control  



System installation. Those painful experience8 are committed 
to record here in the hope that they will not have to be 
regeated. 

6.2 INSTALLATION 

After checking out and demonstrating the VCS system at the 
Bruceton MLF, the controller was removed with its cables intact 
and shipped to the mine. New sensors, instruments and other 
equipment were packaged at our Waltham facility and shipped to 
the mine. These materials were shipped at the end of the UMW 
strike before the settlement was fully recognized by some of 
the local organizations in southern Illinois. Consequently, 
the shipments were destined for the Old Ben central shop rather 
than the mine itself. 

Upon our arrival at Old Ben our materials were located at 
the central shop and transportation was arranged to the mine. 
Some materials such as the sensitized picks were dropped off at 
the shop for installation on the shearer drums while the re- 
mainder was taken to the mine and staged in the crosscut nearest 
the headgate. 

6.2.1 Controller Installation 

At this time Lonpall 2 was being constructed in a setup 
room. The shields were in, as was the panline, the shearer, 
the head and tail machinery and the belt line. All that re- 
mained to make tho longwall operational was the installation of 
both range armsldrums and pluming of the hydraulic lines as- 
sociated with the roof support system. Among some of the factors 
that were noted upon our arrival was that the machine was to cut 
from right to ,eft while the haulage was to be carried from left 
to r:ght. This is known at Old Ben as a right-hand face. 

This had a significant impact on the experimental VCS in 
that the main controller enclosure was designed for a left-hand 
face. A simple explanation of this difficulty is that the 
tailgate end of the shearer is used as a breaker for all large 
objects on the conveyer. All material which falls onto the pan 
to the left of the shearer must he broken until it passt-s the 
shearer. If the controller enclosure were to be attached to the 
tailgate end of the machine, it would become the breaker. Since 
it was designed to mount this way, an attempt to swap sides 
would result in either the controls and display fac'ng the face 
or the controls facing the gob side but upside down and the 
cables exiting from the bottom of the box rather than the top. 





t h e  box t o  t h e  machine. The p r o t e c t i v e  enc:.osure was welded 
d i r e c t l y  t o  t h e  shea r  arid t h e  welds f a i l e d  several timer. The 
f a i l u r e s  occurred a t  t h e  i n t e r f a c e  betweerl &.he ~ l d  material 
and t h e  Eickhoff c a s t i n g .  The problem was :esolved by u t i l i z i n g  
a Cas to l in  E u t e c t i c  rod N o .  2233. These a r e  d i f f i c u l t  t o  ob- 
t a i n  and are q u i t e  expsnsive ($20 / lb ) ,  but worth the p r i c e  
when welding d i r e c t l y  t o  t h e  Eickhoff c a s t i n g  m a t e r i a l .  

6.2.2 S e n s i t i z e d  Pick I n s t a l l a t i o n  

The p i c k s  and a s soc i a t ed  hardware were i n s t a l l e d  wi th  com- 
p a r a t i v e l y  l i t t l e  d i f f i c u l t y .  This  subsyrtcm went i n  a s  planned 
w i t h  no s i g n i f i c a n t  f i e l d  modi f ica t ions  requi red .  The p i cks  
were i n s t a l l e d  on t h e  drum a s  they were i n  t h e  s u r f a c e  tests, 
except  t h a t  they were side-supported r a t h e r  than r a d i a l l y  sup- 
por ted.  This  proved t o  be a sound method of  mounting. One- 
inch  heavy w a l l  tub ing  was used t o  enc lose  t h e  s i g n a l  wires 
u n t i l  they  were s a f e l y  ir.side t h e  drum. 

A two-by-two angle  i r o n  support  was i n s t a l l e d  a c r o s s  t h e  
i n s i d e  diameter of t h e  drum t o  s e rve  a s  a p ro t ec t ed  pa th ,  away 
from prying f i n g e r s ,  s o  Lhat the w i r e  bundles would not  g e t  i n  
t h e  way dur ing  hose changes. 

Cable r o u t i n g  was an important  cons ide ra t ion  i n  a l l  sensor  
i n s t a l l a t i o n s .  W e  qu ick ly  discovered t h a t  i f  c a b l e s  were ex- 
posed f o r  even a s h o r t  d i s t a n c e ,  t hey  wovld be c u t .  The sen- 
s i t i z e d  p ick  cab le ,  a f t e r  e x i t i n g  t h e  hub on t h e  gob side of t h e  
machine, was brought under t h e  range arm cover ,  down t h e  range 
arm, under covers ,  and i n t o  t h e  c o n t r o l l e r  p r o t e c t i v e  enc losure  
from behind. The only exposure was between t h e  range arm and 
t h e  c o n t r o l l e r  which was a deep,  narrow channel .  Ma te r i a l  
f a l l i n g  i n t o  t h i s  a r ea  had t o  break t o  a 2-in. s i z e ,  thereby 
r ep re sen t ing  l i t t l e  t h r e a t  t o  t h e  cab le  and condui t .  

6.2.3 N a t ~ r a l  Background Sensor 

The NBS i n s t a l l a t i o n  was a l s o  s t r a igh t fo rward .  A simple 
open-top box was f a b r i c a t e d  from 6 x 6 x 1 / 2  angle  i ron .  This  
box was mounted on t h e  f ace  side of t h e  machine body i n  t h e  
upper corner  on t h e  t a i l g a t e  end. The NBS, weighing some 
200 l b ,  was set i n s i d e  t h e  box and t h e  cab le  was t o  be routed 
under t h e  Eickhoff s e r v i c e  covers .  T h i s  mounting remained 
i n t a c t  f o r  t h e  du ra t ion  of ou r  s t a y  a t  t h e  mine, and can be 
seen i n  Figure  63. 



Figure 53. - SBS s u p p o r t  S r a c k c t .  

6 . 2 . 4  3 a s t  C u t  Fo l l .ouer  (LCF) 

The i n l t i a l  LCF mounting c o n f i g u r a t i o n  as showc i n  Fig- 
ure  6 4  was .2eslgr4ed for both t h e  radar and acoustic cut foil3wer. 
It was d e s i g n e d  o s i t  i n  t3e sartie p l a c e  as t h e  cowl  arm or? a 
return pass and c o n s e q u e n t l y  it was d e s i g n e d  to swing toward t h e  
qo% when c o n t a c t  was made. I n  discussing o p e r a t i o n  w i t h  t h e  
xen o n  t he  face, i t  was found t k a t  t h e  cowl was swung dur,ng 
the t a i l g a t e  t u r n a r o u n d  and o f t e n  this was d o n e  when the drw, 
w a s  even with t h e  t a i l p i e c e .  T h i s  n e a n t  t h a t  there wouid h a v e  
b e e n  no place f ~ r  t h e  s w i n g o u t  b r a c k e t  ta swing. 

The brat:,. t was n o d i f i e ?  a s  shown i n  F i g u r e  65  t? mount 
flush w i t h  t h e  r a n g e  arz cover and hold the s e n s o r  in t ,s?rd such 
t h a t  it ? u s t  cleared the cowl arn. ?:>is installation sdr-~ly~*ed 
sntil on o;?e p a r t i c u l a r  pass the  crew cut i n t o  the floor. With 
the soft bctton problem i t  1s  very i m p o r t a n t  to  get the system 
back u p  o n  coa l  bottoms because the shields sink and loss of t h e  
! o q w a l f  can r e s u i t .  T h i s  i s  done by c u t t l n c  the f l o o r  high .>n 
the next pass a n d  pushirg t h e  s v s t e n  "u?hill " When t h e  aackine 
and Fan a r e  o n  th;s anale and the tailuate is still s t r a i s h t  
sQre i 9 t e r f e r e n c e  IS ex?erie~ceC? between ihe range ary and the 
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Figure 70. - First PCF modification. 



existing hardware. Although this was a difficult installation 
to effect, once the components were in they functioned perfectly. 

One problem we encountered, however, involved fatigue of the 
transformer legs. After n bout with a limestone slip, the severe 
machine vibrations apparently caused an accelerated fatigue failure 
of the transformer legs. Upon investigating a loss of power to the 
VCS system, we found the transformer loose in the bottom of the 
connection box. The transformer feet, however, were still mlted 
securely to the mounting plate. 

New, heavier gussetted legs were built and the transformer 
was remounted to the bottom of the connection bcx. Both the inl- 
tial and modified arrangements are shown in Figure 71. The trans- 
former was not mounted to the floor of the box initially because 
it was thought that some water would collect inside the box. When 
we experienced the problem (about 1 month after startup of the 
longwall), we found the box dry. On that basis the transformer 
was mounted more securely to the bottom of the box. 

Also illustrated in Figure 71 are the dc power supplies. 
Figure 72 is a photograph of the actual installation. In this 
photo, the top layer of components are the VCS power supplies 
and failsafe logic while the row below contains the Eickhoff 
radio remote control recover and control connections. 

6.3 EPILOGUE 

Once we got the VCS system installed and refined to a point 
where a mcjority of the hardware was survivable, the field inspec- 
tion of the equipment by the Mine Safety and Health Administration 
(MSHA) was scheduled. This was conducted by Mr. Roland Berryanne 
on 3 August 1981. The few minor discrepancies noted during the 
inspection were corrected as were the associated drawings. Shortly 
thereafter a followup inspection by the local authorities resulted 
in granting of the final field approval. 

Unfortunately, we were approaching the end of our contract 
and decisions had to be made. The mining conditions on Longwall 2 
had deteriorated somewhat and were not conducive to running coc- 
trol system tests. As was described earlier, the coal seam was 
thincing and roof had to be cut in order to allow advance of the 
equipment. 

It became clear that time spent on Longwall 2 was riot pro- 
ductive. A meeting was held on 27 August at Old Ben. Represen- 
tatives of DOE and NASA travelled to Old Ben to view the VCS 
installation and witness the deteriorating conditions. A detailed 
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Figure 71. - Power supply locations, sectional view of 
Eickhoff high-voltage connection box. 





survey of t h e  edges of  t h e  panel  was made by walking up t h e  b e l t -  
l i n e  t o  t h e  head of t h e  panel .  There was no c l e a r  i n d i c a t i o n  of 
improving condi t ions  w i th in  a reasonable  d i s t a n c e  from t h e  face .  
Since t h i s  survey d i d  no t  o f f e r  much hope f o r  improving cond i t i ons  
and s i n c e  t h e r e  were no predevelopment c o r e  d r i l l i n g s  it was 
decided t h a t  t e s t i n g  should be abandoned. 

The VCS hardware was removed dur ing  t h e  nex t  a v a i l a b l e  i d l e  
s h i f t ,  packaged, and re turned  t o  our  Waltham f a c i l i t y .  The con- 
t r o l l e r  assembly was opened upon a r r i v a l .  Aside from e x t e r i o r  
damage t o  t h e  enc losure ,  a l l  t h e  c o n t r o l l e r  components were d ry ,  
c l ean ,  and func t iona l .  

Although w e  were unable t o  ope ra t e  the automatic c o n t r o l  sys-  
tem underground, w e  d i d  l e a r n  q u i t e  a b i t  i n  a r e l a t i v e l y  s h o r t  
per iod of t i m e .  Sensors  t h a t  were well-designed were s o r t e d  o u t  
from those  t h a t  r equ i r ed  improvements. Those improvements were 
e f f e c t e d .  The system w a s  i n s t a l l e d  and approved by MSHA. A com- 
p u t e r  c o n t r o l  system was demonstrated t o  be surv ivab le  i n  t h e  
underground environment. A l l  o f  t h e s e  f a c t o r s  were not  t r i v i a l  
i n  themselves and r e s u l t  i n  our  now being much c l o s e r ,  t e c h n i c a l l y ,  
t o  an automatic hor izon c o n t r o l  f o r  a longwall  sheare r .  



MAN-IN-THE-LOOP 

When working in an underground mining environment, it is 
easy to see how portability increases the usefulness of a piece 
of equipment. Problems of equipment weight and nonportability 
increase twofold in such an environment. The availability of 
mine power must also be considered. It was these problems, 
encountered with VCS, that led to the development of the Adjunct 
Systems Display Processor (D/P). The D/P was designed to be 
relatively lightweight and portable and to run off of its own 
rechargeable battery source. With its own power source running 
any peripheral sensor equipment, machine-dependent safety approv- 
als can also be avoided. Such a system would lend itself to 
numerous applications. 

7.1 SYSTEM FUNCTIONAL DESCRIPTION 

Adjunct Systems Inc. of Huntsville, AL, was chosen to be 
the subcontractor which would provide a mine-permissible control- 
ler/data logger to be used in a "man-in-the-loopn configuration. 
This controller housed in an approximately 6 x 6 x 8 in. interior 
dimensioned explosion-proof box, was designed to be as lightweight 
and porteble as possible. 

The system was designed to have one eight bit wide digital 
input port and four differential analog input channels. In the 
controller configuration, these channels were used to input data 
from two arm pots, an acoustic sensor acting as a PCF, and DFD 
sensor. An additional, single-bit, input port was supplied to 
sccept and count pulses from the NBS. The internal handlinq of 
these counts was designed to be in accordance with the objective 
of the NBS to determine coal seam thickness in an effective 
manner with respect to practical manual control. 

The controller was designed to be supplemented with a mine- 
permissible battery pack for its prime power. The goal here was 
to run all controllerldata logger electronics: the digital data 
tape recorder, and three output display lights for at least 
24 hr off of a single battery charge. The display lights men- 
tioned were chosen to be viewable at a distance of up to 50 ft 
and were of three different colors. The lights are programmable 
and can turn on or off in accordance with modifiable software 
which can accept readings through the various input ports and 
USE those readings in calculations to determine the status of 
the shearing 3rum vertical setting with respect to a controllinu 
algorithm. 



The indicator lights have programmable pulse rates allow- 
ins duty cycles from 5 to 100 percent (continuously on), In 
the controller configuration, the software will allow indicator 
activation such that if the shearer drum is out of tolerance 
low, then one color light appears, in this care green. If the 
drum is out of tolerance high, then a different color light 
appears, here, red. If the drun'is within tolerance, a yellow 
light is activated. 

The controller subsystem was intended to be capable of 
updating its display output at rates compatible with man-in-the 
loop control. It was also intended that this rate should be 
variable by easily implemented software changes. As a data logger, 
the system was designed to be capable of stcring data fron! all 
the input channels and ports with a capacity of up to 130 kbytes. 
The data logger tape recorder is capable of playing the recorded 
data back through the system with the following features: 

1. The calculator portion of the system can be programmed 
to reduce and analyze the recorded data. 

2. Output, either processed or raw, can be shown on the 
calculator display. 

3. Output, either processed or raw, can be output directly 
on a printer for the purpose of hard copy. 

7.2 HARDWARE DESCRIPTION 

Operating as a "man-in-the-loopn controller, the system 
uses several pieces of Hewlett-Packard equipment. Aoiang these 
are a HP-41CV calculator, the new HP-IL interface module, the 
HP-IL converter and the HP-IL digital recorder. These units 
were selected after Adjunct Systems Inc., had surveyed the 
marketplace for candidates and found all other contenders 
notably inferior for the needs. Combining the Hewlett-Packard 
devices with their own microprocesso~ subsystem, Adjunct Systems, 
Inc., packaged the combination in an explosion-proof enclosure 
with a plexiglass porthole for viewing the calculator display 
and their own LEDs which signal the coal shearer operator as to 
what action he should take. The system, under calculator con- 
trol, samples various sensors mounted on the shearer. Using 
the sensor signals, it executes mathematical calculations, per- 
form6 decision-making routines and displays results to the 
operator. 



The c a l c u l a t o r  CPU i n t e r f a c e  i s  performed through t h e  HP 
82166A conver te r  module and mar8 s to rage  o f  d i g i t a l  d a t a  i r  done 
wi th  t h e  HP 82161A d i g i t a l  cassette d r ive .  The t h r e e  Hewlett- 
Packard devices  mentioned above are connected i n  a d a i s y  cha in  
loop and communicate wi th  each o the r  v i a  a cc .municat ion8 p ro toco l  
c o n t r o l l e d  by t h e  HF-41CV and HP 82160 HP-IL module. D i g i t a l  d a t a  
is suppl ied t o  t h e  conver te r  module .,hrough two p a r a l l e l  o u t p u t  
p o r t s  on the  CPU h a r d .  

The CPU and I/Oebcrard des ign  u t i l i z e d  Very Large Sca l e  In t e -  
g r a t i o n  (VLSI) ch ips  whenever p o s s i b l e  t o  maximize power y e t  keep 
t h e  c i r c u i t  board s i z e  small. This  approach a l s o  kep t  t h e  des ign  
f a i r l y  simple. Refer t o  F igure  73 f o r  a block diagram of t h e  sys- 
t e m .  The CPU, running a t  3 MHz, c o n t r o l s  a l l  t h e  p e r i p h e r a l  I C s  
v i a  t h e  c o n t r o l ,  d a t a ,  and addresb l i n e s .  The program i s  s t o r e d  
on one 2 kbyte 2716 t ype  EPROM and 2 b y t e  of  system scratchpad 
and s t ack  memory is suppl ied  by two MK4118 type  RAMS. A l l  d i g i t a l  
input  and output  i s  performed u s ? - q  t w o  8255A Programmable P e r i -  
phera l  I n t e r f a c e  I C s .  The Pulse  \ unt  (PC) i npu t  is f e d  t o  an 8253 
programmable i n t e r v a l  timer which is  used t o  count t h e  number of 
pu l se s  p e r  u n i t  time. 

Analog d a t a  is  read a t  t h e  ou tpu ts  of t h e  s ~ f e t y  b a r r i e r s  
and is  rau ted  t o  a d i f f e r e n t i a l  eight-channel  mu l t i p l exe r ,  t ype  
DGS07C. The d i f f e r e n t i a l  chaanel  s e l e c t e d  by t h e  CPU, v i a  an 
8255 ou tpu t  p o r t ,  i s  f ed  t o  t h e  i npu t s  of a microproce-sor- 
compatible analog- to-digi ta l  (A /D)  conve r t e r  t ype  ADCObOl. 

The nine  b a r r i e r s  used t o  p r o t e c t  t h e  analog i n p u t  and PC 
l i n e s  were designed and b u i l t  by Adjunct Systems Inc.  The bar- 
riers use i n t e r n a l  fu s ing  and 6V zener diode shunt  p ro t ec t ion .  
They have a s e r i e s  r e s i s t a n c e  of 890 o m s .  Each b a r r i e r  i s  po t t ed  
sepa ra t e ly  i n  an epoxy compound. 

The o r i g i n a l l y  intended power source  f o r  t h e  system had been 
a Gould b a t t e r y  type  PB6270, 6V 27A/hr rechargeable  b a t t e r y .  
La te r  add i t i ons  t o  t h e  system, such a s  t h e  a c o u s t i c  processor  
e l e c t r o n i c s ,  c r ea t ed  t h e  need f o r  a d d i t i o n a l  vo l t age  sources .  
A mine-aporoved power box, designed f o r  t h e  Face Alignment Moni- 
t o r i n g  System p r o j e c t ,  was implemented. This  suppl ied  a +12V, 
- 1 2 V ,  and +6V source.  This  u n i t  cons i s t ed  of t h r e e  b a t t e r i e s  
housed i n  s e p a r a t e  NEMA enc losu re s ,  a l l  housed wi th in  an explosion- 
proof enclosure .  Power switching was done v i a  t h e  mine-permissible 
explosion-proof connector which suppl ied  t h e  power. 
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7.3 TESTING AT TFIE EIOCK mNGW.V*i. FAC'IEZT.,- 

7.3.1 In t roduc t ion  

Tes t ing  o f  t h e  man-in-the-loop system was performed a t  DOES 
test f a c i l i t y  i n  Bruceton, PA, Three tests were proposed, each 
t o  determine t h e  e f f e c t  o f  changing a major ope ra t ing  parameter 
of  t h e  D/P system. Each test would g i v e  informat ion necessary 
f o r  t h e  a c t u a l  i n s t a l l a t i o n  and use  i n ' t h e  f i e l d .  The tests were 
as follows: 

1, Determine t h e  e f f e c t  of  sensor  de l ay  on t h e  c o n t r o l  or 
c u t  accuracy of  t h e  man-in-the-loop system. 

2. With a l l  machine dependent v a r i a b l e s  he ld  cons t an t  ( f o r  
example, sensor  de lay ,  tram speed, roof p r o f i l e ,  etc.) determine 
t h e  e f f e c t  o f  i nc reas ing  t h e  D/P program execut ion  time. 

3. Determine t h e  e f f e c t s  on c o n t r o l  o f  a D/P program which 
provides  a v i s u a l  i n d i c a t i o n  o f  drum error a long  w i t h  p ropor t iona l  
con t ro l .  

These tests demonstrated t h e  b a s i c  f e a s i b i l i t y  of  f r o n t  drum 
c o n t r o l  us ing  inpu t  s i g n a l s  from: 

1. A PCF mounted on t h e  shea re r  body 

2 .  An arm-angle potent iometer  mounted on t h e  f r o n t  range arm 

3. An NBS (simulated) mounted nea r  a PCF on t h e  shea re r  W y .  

The c o n t r o l  a lgor i thms cons i s t ed  of a comparison between t h e  he igh t  
from t h e  shea re r  body t o  t h e  measured coal / rock i n t e r f a c e  and t h e  
height  of  t h e  b i t s  i n  t h e i r  c u r r e n t  c u t t i n g  p o s i t i o r .  Th i s  a lgo-  
r i t h m  is i l l u s t r a t e d  i n  Figure  74. These t e s t s  i nd i ca t ed  t h a t  
system response is highly dependent upon how t h e  c o n t r o l  s i g n a l s  
a r e  i n t e r p r e t e d  and acted upon by t h e  ope ra to r ,  t h a t  is, how much 
of  a co r r ec t ion  i n  drum p o s i t i o n  is  made upon issuance o f  a par- 
t i c u l a r  command. 

7.3.2 Tes t in7  Cons t r a in t s  and Simulat ions  

I n  o rde r  t o  conduct tkese tests i n  an expedi t ious  manner, 
it was important t o  e l i a i n a t e  t h e  requirement o f  a c t u a l l y  c u t t i n g  
t h e  coa l  block. This  w a s  necessary f o r  s e v e r a l  reasons:  t h e  pro- 
ce s s  of c u t t i n g  coa l ,  trimming t h e  overhang, and z-dvancing t h e  
pan-l ine is time-consuming and expensive: t h e r e  a r e  only  two pas ses  
remaining o n  t h e  coa l  block; and t h e  c o a l  block cannot provide t h e  
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necessary gamma radiation needed for the NBS to operate properly. 
By axamination of Figure 74 it can readily be understood that 
without actual cutting of the coal block there are no roof (hpc) 
or coal thickness (t) measurements for input into the Ad juE . t D/P. 
Given the fact that the V S  microprocessor-based controller was 
still intact on the machine, this problem was easily overcome. 
The VCS controller has the capability to store and retrieve data 
as a function of downface distance. Specifically, what was pro- 
posed was to first store in memory a set of numbers representing 
the hypothetical coal/rock interface as a function of downface 
distance. In real-time, as the test progresses, the height of 
the roof that would have been created (as indicated by the arm 
pot) is sent to memory and positioned in the array as a function 
of downface distance. Then the values stored previously, which 
represent height to the roof and remaining coal thickness directly 
above the points of installation of the cut follower and the nat- 
ural background sensor, are retrieved and sent to the Adjmct D/P.  
It will appear to the D/P as though these signals were coming from 
the ;ensors in real-time. 

7.3.3 NBS and Acoustic Sensor Simulator 

In order for the VCS controller to interface with the Adjunct 
D/P, a special StD BUS compatible board had to be designed and 
built. The board contained two separate circuits, each which func- 
tioned independently of the other. The first circuit, the NBS 
simulator, would output a pulse train whose frequency was a func- 
tion of the eight-bit number supplied to it by the CPU. The second 
circuit, the acoustic sensor simulator, wmld output an analq vol- 
tage that would correspond to che eight-bit word supplied to the 
circuit. A tlock diagram of the circuits is shewn in Figure 75. 

Both circuits interface to the STD BUS through a standard 
"front-end" decoder/driver configuration. The NBS simulator "an 
be thought of as comprised of three major blocks: a 275 Hz fre- 
quency generator; a curve look-up table stored in PROM; and a 
variable frequency pulse generator. The freque~cy generator is 
actually a programmable divider. The frequency output of the 
divider, in our case 275 Hz, is given by the equation 



Figure 75. - NBS/acoustic simulator block diagram. 
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where Ns is a number selectable v i a  D/P switches. The pulse  
generator  c i r c u i t  i s  composed of two cascaded four-b i t  rate mul- 
t i p l i e r s  whose output  is fed  t o  a one-shot mul t iv ibra tor .  The 
pulse output  freque~kcy of t h i s  c i r c u i t  is  given by t h e  equation 

where Np i s  the  decimal value of t h e  e ight -b i t  word from t h e  
look-up table. The look-up t a b l e  i s  simply a 2-kbyte, 2716 PROM 
with a da ta  t a b l e  stored i n  it. The d i g i t a l  number supplied to 
t h e  address inpu t s  of the PROM represents  a value f o r  t h e  numbers 
of inches of coa l  t h a t  is being simulated. The output  byte  is a 
number which upon appl ica t ion  to  equation ( 2 )  w i l l  y i e l d  a pu l se  
count whose frequency i s  given by t h e  r e l a t i o n s h i p  

where N is  t h e  number of counts per  8 sec, C1 is t h e  number of 
counts a t  0 in .  of coa l ,  v i s  t h e  absorption coe f f i c i enc t ,  x is 
inches of coa l ,  and C2 is t h e  number of counts f o r  a r e l a t i v e l y  
la rge  number of inches. 

The second major c i r c u i t  on the  board is  t h e  acous t ic  simu- 
l a t o r .  The c i r c u i t  is simply a digi ta l- to-analog converter  (DAC). 
To simplify drs ign ,  a 12-bit microprocessor-compatible DAC was used. 
The output  is  inverted to  ob ta in  O.OV a t  fu l l - sca le  input  and 5,OV 
a t  minimum input .  By con t ro l l ing  t h e  d i g i t a l  input  word, t h e  com- 
puter  can accura te ly  dup l i ca te  t h e  output  of t h e  Wesmar SLMllB 
Level Monitor, our acous t ic  ssqsor.  

7 . 4  TEST RESULTS 

The f i r s t  test performed was the  e f f e c t  on cont ro l  by sensor 
delay.  This t e s t  would simulate t h e  e f f e c t  of moving t h e  acous t ic  
sensor towards t h e  rear drum. To perform the t e s t s ,  t h e  Adjunct 
D/P was mounted on t h e  Joy shearer  and power f o r  t h e  u n i t  was prc- 
vided from a 6V high-capacity g e l l - c e l l  rechargeable ba t t e ry .  A l l  
s igna l s  wers provided from t h e  slaved VCS c o n t r o l l e r  as described 
i n  subsection 7.3.2. The simulation of sensor deLay was performed 
by a manipulation of da ta  within t h e  VCS con t ro l l e r .  



The r e s u l t s  of t h e  f i r s t  tesZ as descr ibed i n  subsect ion 7.3.1 
a r e  shown i n  Figures 76, 77, and 78. The darkened area on each 
graph dep ic t s  t h e  "dead-bandu area within which t h e  c o n t r o l l e r  i s  
s a t i s f i e d .  The band represents  t h e  4 in.  of coal t o  be l e f t  a f t e r  
c u t t i n g  along with a 21.5 in .  to lerance  band. The general  response 
as seen from the  graphs is good bqlt does s u f f e r  from response lag. 
This  l a g  may be t h e  r e s u l t  o f  seve ra l  separa te  causes: t h e  accu- 
racy of downface d i s t ance  is defined by $1 DFD b i t ,  here  1.6 f t ;  
noise i n  t h e  system introduced errors on a l l  analog channels; and 
t h e  analog inputs  t o  t h e  system seemed to have r e l a t i v e l y  low in-  
put  impedance which caused loading on c i r c u i t s .  

From t h e  graphs w e  see t h a t  as t h e  s t 7 s o r  delay w a s  increased 
t h e  system delay increased. The system's response, which w a s  
found t o  be approximately 0.2 i n . / f t  f o r  a tram speed of 10 f t /min 
and a program execution t i m e  of 10 sec, was not  a f fec ted  by sensor  
delay. W e  can a l s o  see t h a t  t h e  tendency of t h e  c o n t r o l l e r  w a s  t o  
keep t h e  drum within t h e  band shown. For t h i s  configurat ion,  w e  
can conclude t h a t  t h e  system works reasonably w e l l .  

The r e s u l t s  of t h e  second phase of t h e  t e s t i n g  a r e  s u w n  i n  
Figures 79 and 80. H e r e  again,  w e  see t h a t  t h e  speed (s lope)  of 
t h e  system response is  not  a f fec ted .  The most not iceable  d i f f e r -  
ence was t h e  e x t r a  delay encountered i n  t h e  response f o r  t h e  10-sec 
program execution. I t  took much longer f o r  t h e  c o n t r o l l e r  t o  
respond t o  the  up-ramp i n  t h e  10-sec mode. This  demonstrates t h e  
f a c t  t h a t  program delay adds t o  system delay. 

The f i n a l  phase of the  t e s t i n g  was not  f u l l y  completed due 
t o  t i m e  cons t ra in ts .  The program w a s  set up t o  t u r n  on t h e  d i s -  
play LEDs f o r  d i f f e r e n t  lengths  of time depending on t h e  amount 
of drum e r r o r .  For e r r o r s  g r e a t e r  than 26 in .  t h e  d isp lay  w a s  
lit continuously; 4.5 t o  6 in . ,  3 sec;  3 t o  4.5 in . ,  2.5 sec;  
1 .5  t o  3 in . ,  1.75 sec; and f o r  no e r r o r  t o  1.5 in . ,  1 sec. The 
c o n t r o l l e r ,  i n  t h i s  mode, w a s  usefu l  only when drum e r r o r s  g r e a t e r  
than 4.5 i n .  were encountered. Small e r r o r s  were, i n  most cases ,  
l o s t  due t o  noise and inaccuracies  i n  t h e  system. Also, d i f f i -  
c u l t i e s  i n  d is t inguish ing  between a 1.75-sec d isp lay  and a 2.5-sec 
d isp lay  w e r e  noticed. 

7.5 TESTING AT JIM WALTERS RESOURCES 

Introduct ion 

Fie ld  t e s t i n g  of t h e  D/P a s  both a c o n t r o l l e r  and d a t a  logger 
was arranged t o  be performed a t  t h e  3 i m  Walters Mining Research 
Center mine s i t e s  No. 5 and No. 3 i n  t h e  v i c i n i t y  of Birmingham, 
AL. Two separa te  test e f f o r t s  were t o  be performed. T h e  f i r s t  



Figure 7 6 .  - D/P and prolog simulator 6 - in .  d a i l y  10-sec program execution 
(tram = 10 f t /min)  - test N o .  2 .  



Figure 7 7 .  - D / P  and prolog simulator 24-in. daily 10-sec program execution 
(tram = 10 f t /min)  t e s t  No. 3. 



Figure 7 8 .  - D/P and prolog simulator 48-in. d a i l y  10-sec program execution 
(tram = 10 f t /min)  - test No. 4 .  



Figure  79. - DIP and prolog simulator 6-in. daily 5.45 see program execution 
(tram = 10 ft/min) - test No. 9. 



Figure  80.  - C'P and prolog simulator 6-in.  d a i l y  10-sec program execution 
(tram = 10 ft/min) - test N o .  1 .  



was t o  incorpora te  an a c o u s t i c  PCF wi th  t h e  Adjunct Systems D/P 
f o r  t h e  purpose of s l a v i n g  t h e  p o s i t i o n  of  t h e  rear drum. T h i s  
was t o  be accomplished us ing  t h e  informat ion suppl ied  by t h e  c u t  
fol lower  t o  d i s p l a y  to  an ope ra to r  i n  a man-in-the-loop fash ion  
t h e  des i r ed  r e a r  drum c o n t r o l  pos i t i on .  The second e f f o r t  was t o  
e x e r c i s e  t h e  D / P ' s  d a t a  logging c a p a c i t i e s .  Here t h e  D/P was i n t e r -  
faced t o  a methane monitor d a t a  recorder  which used a s t r i p  c h a r t  
recorder  f o r  permanent records .  The D/P was t o  accep t  the d a t a  
seen by t h e  methane senso r  and perform s t a t i s t i c a l  a n a l y s i s  on it 
before  s t o r i n g  it permanently. 

The c o n t r o l l e r  test, performed a t  si te No. 3, c a l l e d  f o r  t h e  
mounting of t h r e e  s e p a r a t e  explosion-proof boxes on to  an Anderson- 
Mavor b u i l t  sheare r :  t h e  Adjunct D / P ,  t h e  Adjurct  power distri- 
bu t ion  box, and t h e  VCS b a t t e r y  box. Af t e r  c l o s e l y  examining t h e  
shea re r  and t h e  space a v a i l a b l e  f o r  mounting t h e  c o n t r o l  package, 
i t  be~ame  obvious t h a t  mounting it would pose ?lacy p r o b l e i ~ s .  I t  
i s  f o r  t h i s  reasc:r t h a t  NASA, FMA, and Adjunct Systems decided 
t o  t e rmina te  t h i s  po r t i on  o f  t h e  f i e l d  test  e f f o r t .  

The methane sensor  d a t a  logger t e s t i n g  was performed a t  t h e  
No. 3 mine s i te  and s i n c e  t h e r e  were v i r t u a l l y  no c o n s t r a i n t s  f o r  
mounting t h i s  equipment, a test a r e a  was r e a d i l y  a v a i l a b l e .  S ince  
t h e  system was des igred  t o  measure t h e  methane concent ra t ion  of  
t h e  a i r  wi th in  t h e  miae, y e t  t h e  D/P-methane sensor  con f igu ra t ion  
had not  been mine-approved, a s u i t a b l e  compromise was reached. 
One of t h e  exhaust  f ans  a t  t h e  mine s i te  was chosen f o r  t e s t i n g .  
Although t h i s  gave u s  t h e  average amount of  methane f o r  t h e  whole 
mine, and would not  enable  us  t o  d e t e c t  f a s t  l e v e l  changes, it 
d i d  su2ply r e l i a b l e  d a t a  f o r  t e s t i n g .  

7 .5 .2  Hardware Descr ipt ion 

The system used had t h r e e  major cc.nponcnts: tke Adjunct D/P, 
t h e  methane senc - -  u n L ~  suppl ied  by MSHA, and t h e  power supply.  
A pcder supply was needed he re  t o  e l i m i n s t e  t h e  need f o r  r e g u l a r  
charging of t h e  b a t t e r i e s ,  al lowing t h e  system t o  run a s  l o r ?  a s  
a c  power was not  i n t e r rup ted .  The methane l e v e l  s i g n a l  ou tpu t  
was not  r e a d i l y  a v a i l a b l e  on t h e  sensor  u n i t  and had t o  be tapped 
o f f  t h e  c i r c u i t r y  i n s i d e  t h e  de - r c to r  housing. This  s i g n a l  was 
s ca l ed  up t o  asab le  l e v e l s  f o r  t h e  D/P by a simple a m p l i f i e r  cir- 
c u i t  needing only a s i n g l e  OP-AMP ch ip .  . T h i s  was t h e  on ly  modi- 
f i c c t i o n  needed t o  i n t e r f a c e  t h e  two u n i t s .  



7.5.3 System Software 

A&' t h e  sof tware  needed t o  run t h e  system was s t o r e d  i n  t h o  
c a l c u l a t o r ' s  nonvo la t i l e  memory, hence avoiding t h e  need t o  r e load  
t h e  program a f t e r  pd a r i n g  down. The sof tware ,  while seemingly 
simple, was extremely powerful,  and had t o  perform many t a s k s  a t  
once. A d e s c r i p t i o n  of  t h e  softw~xras t a s k  fol lows.  

Every 10 sec, t h e  D/P must read  t h e  methane l e v e l  v o l t a g e  
from t h e  sensor.  The c a l c u l a t o r  t hen  performs- a mean and s tandard  
dev ia t ion  on t h i s  d a t a ,  updating t h e s e  va lues  continuously.  The 
va lue  of t h e  h ighes t  reading is  a l s o  saved every 1 0  sec. Zvery 
hour, t h e  mean, s tandard  dev ia t ion ,  and h ighes t  read ing  are s t o r e d  
i n  d a t a  r e g i s t e r s  f o r  later use. A t r end  a n a l y s i s  i s  now performed 
on a l l  means f o r  t h e  p a s t  hours ( t h i s  c a l c u l a t i o n  starts only a f t e r  
t h e  f i f t h  hour of t h e  24-hr read ing  p e r i o d ) .  A t  t h e  end of  24  hr, 
a l l  t h e  hourly d a t a  i s  s t o r e d  on to  t h e  d i g i t a l  t a p e  recorder .  

Within t h e  10-sec loop t h e r e  w a s  a l s o  d a t a  d i sp layed  on t h e  
LCD d i sp l ay  of t h e  c a l c u l a t o r .  The p r e s e n t  va lue  of pe rcen t  
methane was d i sp layed  f o r  approximately 1 sec. The t r end  va lue ,  
~ p ,  down, o r  no t r e n d ,  was alsc displayed.  The t h i r d  and f i n a l  
d i sp l ay  wi th in  t h e  10-sec loop was t h e  most powerful. Th i s  dis- 
play contained t h e  hour and f r a c t i o n  of an hour, t h e  mean f o r  t h a t  
hour, and t h e  h ighes t  read ing  f o r  t h a t  hour. Every 10 seu,  t h e  
d a t a  set displayed i n  t h i s  frame would commutate from t h e  p r e s e n t  
hour down t o  t h e  f i r s t  hour. This  d a t a  would be r o t a t e d  once each 
10 s ec  s o  t h a t  f i r s t  t h e  p re sen t  d a t a  would b5 disp layed ,  a f t e r  
10 sec  t h e  p a s t  hour ' s  d a t a  woulJ be d i sp layed ,  and s o  on. S e t  
up i n  t h i s  n~anner, it would t ake  a parson 3 min t o  view 24 h r  
worth of da ta .  

Although t h e  d a t ~  a c q u i s i t i o n  program d i d  do a p a r t i a l  ana l -  
y s i s  on t h e  d a t a ,  t h e r e  i s  usua l ly  a need tc  analyze t h e  d a t a  more 
thorcughly.  For t h i s  reason,  a program was develcped t o  analyze 
and p l o t  t h e  d a t a  a f t e r  it has been saved on t h e  tape.  Two exan- 
p l e s  a r e  shown i n  F igures  81 and 82. With t h i s  r o u t i n e ,  it i s  
poss ib l e  t o  p r i a t  o u t  t h e  mean o r  peak f o r  t h e  24  h r  of  any spec i -  
f i e d  day. I t  is also poss ib l e  t o  p l o t  t h i s  same d a t a  t o  g e t  a 
more understandable d i sp l ay .  

7 . 5 . 4  Resul t8  of Methane Monitor - D/P Tes t ing  

Before t e s t i n g  a t  t h e  mine si te had begun, we found it neces- 
s a ry  t o  change a major parameter of t h e  program f o r  t h e  D/P;  t h e  
program loop execut ion time. I t  was found t h a t  t h e  wcrs t  c a s e  
execut ion t i m e  f o r  t h e  t r end  a n a l y s i s  was approximately 25 s e z  
f o r  t h e  case  of 24  h r  worth of da t a .  To avoid backlogging, and 
eventua l ly  l o s ing  d a t a  due t o  b u f f e r  overflow, t h e  execut ion time 
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w a s  increased from 10 sec t o  30 sec. I f  only t h e  present  methane 
l e v e l  w a s  displayed, o r  i f  t h e  t rend  ana lys i s  w a s  de le ted ,  t h e  
methane l e v e l  could be recorded every 10 sec o r  less. 

As mentioned &fore,  t h e  da ta  is  s to red  on t h e  t ape  every 
24 hr. The f i l e  is a c t u a l l y  a copy of 147 r e g i s t e r s  of t h e  iIP 
memory. Each r e g i s t e r  has a permanently designated function, 
Figure 83 i l l u s t r a t e s  t h e  contents  of t h e  f i l e  f o r  d a t a  accumu- 
l a t e d  d ~ r i n g  day one which s t a r t e d  a t  10:45 a.m. on December, 1981. 

The p r e f i x  "R" s tands  f o r  t h e  register that t h e  var ious d a t a  
a r e  s tored  in .  R19 and R20 store t h e  message r e l a t i n g  t o  t h e  
t rend;  i n  t h i s  case they contain t h e  message t h a t  f o r  day one t h e  
t rend  is  down. The t rend i s  based on t h e  24 hourly means which 
are s tored  i n  r e g i s t e r s  R24 through R47, R24 being t h e  mean of  
t h e  f i r s t  hour (10:45 a.m. t o  11:45 a.m.)  etc. Regis ters  R48 
through R71 contain t h e  standard devia t ions  about t h e  means f o r  
each hour. To show an example, t h e  mean f o r  t h e  f i r s t  hour w a s  
0.501 percent  and t h e  standard devia t ion  w a s  0.014, t h e  mean f o r  
t h e  second hour w a s  0.502 percent  and t h e  standard devia t ion  was 
0.016. 

Regis ters  R72 through R95 contain t h e  peak f o r  each hour, 
f o r  example, t h e  highest  value of methane recorded i n  t h e  f i r s t  
hour of day one was 0.529 percent ,  t h e  highest  i n  t h e  second hour 
was 0.537 percent  and s o  on. Regis te rs  R96 through R119 conta in  
f o r  each hour the  number of  readings which w e r e  g r e a t e r  than 
0.4 percent  and less than 0.5. Again, r e f e r r i n q  t o  t h e  d a t a  f o r  
day one, R96 shows t h a t  the re  were 51 readings between t h e  two 
l i m i t s  during t h e  f i r s t  hour, R97 shows 56 f o r  t h e  second hour, 
etc. The r e g i s t e r s  R120 through R 1 4 3  represent  t h e  number of 
readings f o r  each hour t h a t  l i e  between 0.5 and 0.6,  and r e g i s t e r s  
R144  through R167, t h e  number t h a t  l i e s  between 0.6 and 0.7. 

For some appl ica t ions ,  a numerical l i s t i n g  of t h e  da ta  may 
be s u f f i c i e n t  but a graphic d isp lay  of da ta  can convey much more 
information a t  a s i n g l e  glance. Figure 81 and 82 demonstrate 
t h i s .  From t h e  p l o t s  of means it i s  easy t o  s e e  the  t rend  of t h e  
data .  For the  th ree  days of d a t a  acquired a t  Jim Walter Resources 
we found t h a t  t h e  t rend  f o r  day one was down, day t w o  was up and 
day t h r s e  was down. 

The da ta  s to red  on tape  can be analyzed i n  a number of d i f -  
f e r e n t  ways. The analys is  done on the  da ta  here was minimal and 
represents  only a small p a r t  of what t h e  ca lcu la to r  is capable o f .  
I f  it was ever found necessary, it would be poss ib le  t o  download 
the  accumulated da ta  i n t o  a l a r g e r  computer system f o r  more corn- 
plex analys is .  
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8. TESTING AT CARBON COUNTY COAL CO, 

8.1 BACKGROUND 

During the months of November and December, 1981, the NASA- 
developed NBS system was installed, calibrated, and tested on an 
operating longwall at Carbon County Coal Coo's (CCCC's) mine in 
Hama, WY. The system operated quite well for several weeks 
while it was in operation, and was routinely used by one of the 
longwall crews to supplement roof-coal thickness data obtained 
by drilling. 

The purpose of the testing at CCCC was to test the NBS as a 
coal thickness sensor in an operational mining environment, The 
equipment to be tested included the following: 

1. Sensor module - Includes 4 x 4 x 8 in. NaI (Tl) crys- 
tal (for detectin3 gamma radiation from the roof rock), photo- 
multiplier tube, power supply and pulse amplifier. 

2. EZectronics module - Containing signal processing and 
display drive electronics. 

3. Display module - Containing LCD meter for displaying 
coal thickness in incher, and LEDs for indicating to raise or 
lower the ranging arm. 

4. Battery module - Providing power to the system for 
one shift (8 hr). 

5 ,  Interconnecting cables - The equipment was designed 
to be mineworthy for the duration of the test phase, but was 
not intended to be a commercial design. To achieve portability 
and to avoid the problems associated with interfacing with mine 
power during the test phase, the system was designed to be 
battery-powered. 

The followins subsections will discuss some of the previous 
work conducted by NASA-MSFC at CCCC. In addition, sam~le data 
results for the FMA activity will be presented. 

8.2 CCCC FACE DESCRIPTION 

The test mine for the NBS field trials was CCCC's Mine No. 1 
in Hanna, WY. This mine has a 16-ft thick seam of sub-bituminous 
(11,000 Btu) coal, pitching down at 6 deg in a northwesterly 



d i rec t ion .  The overlying rock is black shale .  Due t o  incompe- 
tence of t h e  sha le  CCCC leaves 2 t o  3 it of roof coa l  f o r  roof 
cont ro l .  

There is one longwall i n  operat ion a t  CCCC No. 1. An Eick- 
hoff 300L shearer  is used. A 10- t o  11-f t  c u t  is taken, leaving 
a t  least 2 f t  of f l o o r  c o a l  as w e l l .  Floor coal is necessary 
f o r  proper advancement of t h e  roof supports.  

8.3 PREVIOUS TESTING 

I n i t i a l  contac ts  with CCCC were made by NASA-MSFC. FMA's 
i n i t i a l  involvement w a s  i n  f i e l d  support of d a t a  gathering.  
Data was necessary t o  determine t h e  bas ic  l e v e l  of g m  ac t iv -  
i t y  a t  CCCC. The sensor  is a 4 x 4 x 8 in. crystal. Without 
sh ie ld ing  t o  make it d i r e c t i v e ,  it w i l l  detect gamma r a d i a t i o n  
from a l l  angles. Lead sh ie ld ing  is employed on t h e  s i d e s  and 
bottom of t h e  c r y s t a l  t o  l i m i t  t h e  view angle. A simple diagram 
of t h e  angles  through which rad ia t ion  e n t e r s  the c r y s t a l  is  
given i n  Figure 84. In orde; t o  reduce t h e  view angle,  a col -  
l imator  was fabr ica ted  from 1/4-in. s t e e l  p l a t e .  The e f f e c t  2n 
t h s  view angle is  i l l u s t r a t e d  i n  Figure 85. 

LEAD SHIELDING 
END VIEW SIDE V IEW 

Figure 84. - View angles of NBS sensor. 



END V I E W  SIDE VIEW 

Figure 85. - View angles of NBS sensor with collimator. 

Some testing of the NBS on a continuous miner took place, 
but a number of problems occurred simultaneously. The continuous 
miner got stuck in deep mud and then the NBS failed due to mois- 
ture intrusion. 

A major roof fall and subsequent problems caused a 4-week 
shutdown of the mine. 

8 . 4  NBS TEST RESULTS ON THE LONGWALL 

The NBS field test effort resumed in November. FMA was 
responsible for the installation on the shearer, calibration, 
Zata taking,. maintenance of equipment and test evaluation based 
on test results. The NBS was to be mounted on the Eickhoff 300L 
shearer to give indications of roof coal remaining. Ideally, 
the NBS would be located near the roof and immediately behind 
the lead drum. This is not possible, however, for several 
reasons : 

1. CCCC does nut want any equipment near the roof where 
it would interfere with roof supports. 



2. A mounting loca t ion  near t h e  drum (within 4 f t )  would 
put t h e  sensor i n  the path of coa l  as it is def l ec ted  over the 
cowl. 

The mounting loca t ion  chosen f o r  t h e  tests a t  CCCC was a t  
mid-body of the  shearer .  The sensor mounting bracket  w a s  mounted 
on t h e  top  sur face  of t h e  shearer  body. The sensor m i n t i n g  i s  
shown i n  Figures 86 and 87. A s  can be seen i n  t h e  f r o n t  view, 
t h e  sensor w a s  t i l ted i n t o  t h e  face  a t  20 deg. Phe sensor  
bracket  as fabr i ca ted  posit ioned t h e  sensor a t  25 deg b u t  t h i s  
was excessive. Wooden shims were used t o  set t h e  sensor angle  
a t  20 deg. 

During t h e  f i r s t  week of - a t a  tak ing  a f t e r  i n s t a l l a t i o n  on 
the  longwall, very l i t t l e  mear.ingfu1 da ta  w a s  obtained. This 
was due t o  t h e  f a c t  t h a t  CCCC was leaving between 3 and 4 f t  of  
roof coa l  a t  t h e  time and the  NBS w a s  e s s e n t i a l l y  reading back- 
ground radia t ion .  The measurement of roof coa l  thickness  is 
made during t h e  f i r s t  pass on each s h i f t .  While t h e  shearer  
is a t  t h e  headgate, sh ie lds  30 t o  80 are suxnped in .  When t h e  
shearer  gets t o  shie ld  30, t h e  shearer  is  stopped and t h e  s h i e l d  
t i p s  a r e  extended on e i t h e r  s i d e  of t h e  poin t  t o  be d r i l l e d  t o  
p r o t e c t  the  miners. Three miners stand on t h e  body of t h e  

NBS 
SENSOR 

- I  TOP VIEP A' FRONT VIEW 

Figure 86. - NBS mounting. 





shearer and the shelf of coal left by the lead drum. A drill 
powered hydraulically from the shearer is used by two of the 
miners to drill a hole into the roof coe.1. The third miner 
observes the tailings as they fall into his (or her) hand. 
Drilling is stopped when the tailings indicate ehale. A tape 
measure is used to check the depth of the hole. The process is 
repeated at shields 40, 50, 60, and 70. On the cleanup pass, 
holes at shields 20 and iO are drilled. Additional drilling 
during a shift is on an *as-needed* basis. 

Whenever the shearer was stopped for a hole to be drilled, 
the actual NBS counts and/or th5 NBS coal thickness was recorded. 
Whenever possible, 10 readings were taken at each drilling loca- 
tion; usually, there was only time to get 5 readings before the 
shield tips were moved forward. Table 5 shows the data obtained. 

During the second week ( 9  to 13 November), additional data 
was taken (Table 6). There wsre a number of readings taken 
during the week that allowed a curve of counts versus inches- 
of-coal to begin to take shape. The number of counts per 8 sec 
was considerably lower than the data taken by NASA earlier in 
the year. 

TABLE 5. - NBS DATA TAKEN ON 2 NOVEMBER 1981 
A 

Shield No. 

10 

20 

30 

40 

53 

60 

70 

a 

Coal thickness 
J 

Coal thicknessing 
next pass 

Measured 
(by drill ing) 

4 5 

4 3 

4 2 

48 

48+ 

40 

48+ 

Measured 
(by drilling) 

No drill ing 

No drill ing 

42 in. 

No drill ing 

N o  l r i l l ing  

3 5 

- 

NBS 
meter 

36.4 
36.8 

36.7 
37.8 

35. 3 
36.3 

33.2 
32.6 

34.0 

36.7 
37.7 

36.2 
37.3 

NBS 
meter 

36.1 

24.5 

37.7 
37.9 

34.0 

35.3 

36.6 
35.7 

- 





TABLE 7 .  - NBS DiLTA DURING 16 TO 20 NJVEMBER 1981 (REPOSITIONED 
NBS TO POINT ONLY 20 deg INTO THE FACE) 

1 

Shield no. Coal thickness 

Measured I NBS meter 

Counts/8 sec 

November 17 

41 

50 

60 

70 

41 

2 9 

32 

41 

36.1 

35.5 

34.5 

36.8 

Nov*mber 19 - swing shi f t  

30 

40 

50 

40 

60 

3 6 

18 

30 

11 

3 0 

November 19 - day shi f t  

39.8 

34.2 

40.2 

21.6 

37.7 

40 

5C 

60 

70 

131.0 

174.0 

133.4 

282.0 

148.2 

3 4 

> 38 

27 

>42 

Readjusted arrows to  20 in. ( , 31 in. t . Recalibrated integration 
time = 14 sec. 

40.9 

38.8 

39.8 

42.2 

November 20 - day shi f t  
r 

3 1 

2 5 
4 

139.7 

122.0 

139.3 

100.8 

31.5 

28.9 

128.0 

144.0 
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I n  o rde r  t o  g e t  agreement between t h e  set of d a t a  taken on 
t h e  Longwall and t h e  c a l i b r a t i o n  curve e x i s t i n g  i n  t h e  s i g n a l  
a roces so r ,  t h e  i n t e g r a t i o n  t i m e  f c r  counts  was increased  froon 
8 t.o 1 4  sec .  The up arrow on t h e  d i s p l a y  was ad jus t ed  t o  i l l u -  
minate i f  c o a l  th ickness  exceeds 33 i n .  The dowrz arrow was 
ad jus ted  t o  i l l u m i n a t e  i f  coal t h i ckness  is less than  20 i n .  
I f  coa l  th ickness  i s  bettheen 8 and 31 in . ,  e green "bar"  was 
displayed.  

Data taken on 20 November a f t e r  t h e  c i r c u i t  was ad jus t ed  
showed good agreement between measured ( d r i l l e d )  c o a l  t h i ckness  
and readings  from t h e  NBS. An a c t u a l  c o c l  t h i ckness  ( v e r i f i e d  by 
d r i l l i n g )  of 31 i n .  was d isp layed  by t h e  NBS a s  31.5 i n .  A l a t e r  
s e t  of  measurements f u r t h e r  down t h e  fqce  y i e lded  25 i2.  ( a c t u a l )  
versus  28.9 i n .  (NBSI . 

The following week (30 November t o  1 December) , t h e  e lec-  
t r o n i c s  box was seve re ly  damaged by a  roof support .  The roof 
support  was low and t h e  e l e c t r o n i c s  box ( s i t t i n g  on t o p  of t h e  
shea re r )  h i t  t h e  support  a s  t h e  shea re r  trammed down t h e  face .  
The c i r c u i t  boards were undamaged and were t r a n s f e r r e d  t o  a spa re  
e l e c t r o n i c s  box enclosure .  By cont inu ing  t o  use  t h e  same e l e c -  
t r o n i c s  boards,  t h e  c a l i b r a t i o n  was unchanged. 

The system waa r e i n s t a l l e d  on t h e  shea re r  a t  t h e  beginning 
of day s h i f t  on 3 December. 

T h r e e  ho l e s  were d r i l l e d  on t h e  f i r s t  run and t h e  r e s u l t s  
were a s  shown i n  Table 8. On t h e  following s h i f t  a d d i t i o n a l  
da t a  was taken ,  shown i n  Table 9. Thare w a s  a  s i g n i f i c a n t  d i f -  
ference between da t a  from t h e  two s h i f t s .  E i t h e r  t h e  two crews 
d r i l l e d  d i f f e r e n t l y  o r  t h e  shea re r  had en t e red  a  region of more 
a c t i v e  sha l e .  

Data taken dur ing t h e  l a s t  week a t  CCCC !7 t o  11 December) 
again  showed good agreement between t h e  NBS and a c t u a l  c o a l  
t h i ckness ,  as shown i n  Table 1 0 .  Unfor tunate ly ,  t h e r e  were no 
measurements taken dur ing t h e  l a s t  week t h a t  were made f o r  c o a l  
th ickness  less than 2 4  i n .  

TABLE 8. - COMPARISON DATA, FIRST RUN 

. 
Shield no. 

2 6 

39 

55 
i 

comments 

Out of range  

+3.7 i n .  e r r o r  

+1.9 i n .  e r r o r  . 

I-* .- 
Coal thickness i n  i n c h e s  

Display 

32.9 

27.7 

13.9 

Drilled 

40 

24 

12 



TABLL 9.  - COMPARISON DATA, FOLLOWING SHIFT 

TABLE 10 .  - COMPARISON DATA, 8 DECEMBER 1 9 8 1  

J 

Comment 8 

-10.0 i n .  

-6.2 in. 

-8.7 in. 

Out of ranqe 

Shield no. 

30 

40 

5 7 

70 

Shie ld  no. 

40 

SO 

60 

70 

9 December 1981 

30 

40 

SG 

60 

w 

Coal t!.ickners f n inchea 

Dirplay 

31 .O 

26.8 

15.3 

27.4 

Drilled 

41 

33 

24 

44 

C a m m ~ t s  

-2.1 i n .  e r r o r  

+O. 3 i n .  e r r o r  

Out of range 

Out of range 

Out of range 

+7.S in .  e r r o r  

-3.6 i n .  e r r o r  

Gut of range 

Coal th ickness  in inches 

Display 

25.90 

24.30 

32.90 

27.80 

28.70 

31. SO 

27.50 

34.15 

D r i l l e d  

28 

24 

>48 

46 

32 

24 

3 1 

4 1 

. . 



8.5 SUMMARY 

There  were no failures of any of t h e  e l e c t r o n i c s  during 
the  month-and-a-half underground. The only replacements of  
p a r t s  were due t o  physical  damage. The sensor  i t s e l f  w a s  i n  a 
r e l a t i v e l y  s a f e  pes i t ion  on t h e  shearer  body and d i d  not  g e t  
h i t  by any la rge  pieces  of rock o r  coal .  The e l e c t r o n i c s  bax, 
however, w a s  damaged t w i c e  and i n  t h e  f u t u r e  should be re loca ted  
t o  the  gob s i d e  of t h e  shearer  o r  protected by a cover. The 
problem with a p ro tec t ive  cover is t h a t  t h e  cover i t s e l f  would 
be even more l i k e l y  t o  be h i t  by a roof sh ie ld .  



9. CONCLUL 'ONS AND RECOMMENDATIONS 

S i n c e  t h i s  work ccvers a number of developments  and test 
r e s u l t s ,  t h i s  s e c t i o n  h a s  been l i m i t e d  t o  t h o s e  a r e a s  3howing 
t h e  most promise f o r  f u r t h e r  work or implementat ion by i n e ~ ~ r r y .  
S p e c i f i c a l l y ,  t h e  fo l lowing  pa ragraphs  w i l l  be limited t o  a d i s -  
c u s s i o x  o f  t h e  VCS a s  a system, man-in-the-loop, and p e r t i n e n t  
indf -.-  dual s e n s o r s .  

9.1 VERTICAL CONTROL SUBSYSTEM 

C e r t a i n l y  t h e  work a t  t h e  s u r f a c e  test  f a c i l i t y  h a s  proven 
t h e  b a s i c  f e a s i b i l i t y  o f  o p e r a t i n g  t h e  f r o n t  and r e a r  drums o f  
a iongwal l  s h e a r e r  under c losed- loop c o n t r o l .  I n  a d d i t i o n ,  w i t h  
t h e  e x c e p t i o n  o f  t h e  LCF, t h e  work a t  Old Ben h a s  demonst ra ted  
t h a t  a s u c c e s s f u l  s u r v i v a b l e  system r e t r o f i t  o f  an  o p e r a t i o n a l  
s h e a r e r  is p o s s i b l e .  

Beyond t h i s ,  e x t e n s i v e  underground demons t ra t ions  of  t h e  
t*CS a r e  r e q u i r e d  t o  d e f i n e  t h e  u l t i m a t e  performance and hence 
v a l u e  t o  t h e  o p e r a t i o a s .  

9.2 MAN-IN-THE-LOOP 

The work a t  t h e  s u r f a c e  test f a c i l i t y  h a s  once a g a i n  proven 
t h e  b a s i c  f e a s i b i l i t y  o f  t h i s  o p e r a t i o n a l  t echn ique .  The s e n s o r s  
r e q u i r e d  as w e l l  a s  t h e i r  l o c a t i o n  r e f l e c t  t h e  work o f  t h e  VCS. 
T h e r e f o r e ,  it can be s a i d  t h a t ,  w i t h  t h e  e x c e p t i o n  o f  t h e  pro- 
cessor d i s p l a y  hardware, b a s i c  s u r v i v a b i l i t y  is p o s s i b l e .  How- 
e v e r ,  we would a l s o  have t o  recomnend, i n  t h i s  c a s e ,  t h a t  exten-  
s i v e  underground t r i a l s  be under taken t o  d e f i n e  t h e  a c t u a l  
performance and v a l u e  t o  i n d u s t r y .  

9 .3  SENSORS 

The KBS is undoubtedly one of  t h e  more prc?r,ising s e n s o r s  t o  
emerge from t h i s  work. The underground test performed under t h i s  
c o n t r a c t ,  as w e l l  a3 t h o s e  performed e lsewhere  by MSFC and t h e  
work abroad ,  have c l e a r l y  i n d i c a t e d  t h a t  t h e  t e c h n i c a l  f e a s i b i l i t y  
and t h e  p r a c t i c a l  a p p l i c a t i o n  o f  t h i s  d e v i c e  h a s  been proven. 

A d d i t i o ~ r a l  work wi th  t h e  u n i t  i n  a v a r i e t y  of United S t a t e s  
s h a l e s  would more c l e a r l y  d e f i n e  t h e  m a t e r i a l  a p p l i c f i b i l i t y .  I n  
a d d i t i o n ,  a r e d e s i g n  o f  t h e  hardware i n t o  a more u s e a b l e  s e n s o r  
is i n  o r d e r .  



The acoust ic  c u t  fol lower war a l s o  drmonstr~.tad to be a 
most usefu l  and r e l i a b l e  ren8or. The need to mea8ure diatance 
i n  a non-contact manner i n  the h o s t i l e  underground environment 
w i l l  be extenr ive  a s  more automation i r  intr0duc.d. S imi lar ly ,  
t h i s  approach wculd bene f i t  from extenr ive  underground t e s t i n g .  


