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PROTECTIVE STRUCTURES FOR LOW-COAL SHUTTLE CAR 
OPERATOR 

By John R. Bartels,' August J. Kwitowski,' and William D. Mayercheck2 

ABSTRACT 

Th i s  r e p o r t  d i s c u s s e s  t h e  Bureau of Mines' e f f o r t s  t o  develop p a r t i a l  
p r o t e c t i v e  s t r u c t u r e s  f o r  o p e r a t o r s  of low-coal s h u t t l e  c a r s .  I n  c o a l  
seams 48 i n  h igh  o r  l e s s ,  fu l l -coverage  canopies  a r e  gene ra l l y  d i f f i c u l t  
o r  may be impossible  t o  implement on high-speed f a c e  equipment due t o  
t h e  r e s t r i c t i o n s  they  impose on t h e  o p e r a t o r ' s  v i s i o n  and comfort. Lim- 
i t e d  coverage i s  one a l t e r n a t i v e  t h a t  p rov ides  an  accep t ab l e  l e v e l  of 
o p e r a t o r  p r o t e c t i o n  i n  thin-seam a p p l i c a t i o n s  where convent ional  f u l l -  
coverage canopies  cannot be used. Three p o s s i b l e  l imited-coverage de- 
s i g n  s c e n a r i o s  ( r o l l  b a r s ,  s l i d i n g  canopies ,  and f l i p - t o p  canopies)  were 
designed,  f a b r i c a t e d ,  and eva lua t ed  f o r  low-coal s h u t t l e  ca rs .  A l l  
t h r e e  de s igns  were determined t o  be f e a s i b l e  and d e s i r a b l e  f o r  low-coal 
s h u t t l e  c a r  app l i ca t i on .  

' c i v i l  engineer .  
'supervisory p h y s i c a l  s c i e n t i s t .  
P i t t s b u r g h  Research Cente r ,  Bureau of Mines, P i t t s b u r g h ,  PA. 



INTRODUCTION 

S i n c e  J a n u a r y  1 ,  1974, c a b s  and cano- 
p i e s  have  been r e q u i r e d  on underground 
f a c e  equipment by F e d e r a l  law (30  CFR 
75.1710) and have  been s u c c e s s f u l  i n  r e -  
d u c i n g  t h e  t o t a l  number of  f a c e  equipment  
o p e r a t o r  i n j u r i e s .  The Mine S a f e t y  and 
H e a l t h  A d m i n i s t r a t i o n  (MSHA) , U. S. De- 
pa r tmen t  of  Labor ,  h a s  e s t i m a t e d  t h a t  233 
l i v e s  have  been  s a v e d  f rom J a n u a r y  1971 
t h r o u g h  December 1985 (6-7).  MSHA h a s  
a l s o  e s t i m a t e d  t h a t  a p p r o x i m a t e l y  70 p c t  
of  a l l  equipment o p e r a t o r  a c c i d e n t s  t h a t  
o c c u r r e d  i n  c o a l  seams 48 i n  o r  l e s s  
c o u l d  have  been p r e v e n t e d  had p r o t e c t i v e  
s t r u c t u r e s  been employed on a l l  f a c e  
equipment (6-7).  - -  

Through p a s t  Bureau programs,  a d e q u a t e  
canopy equipment h a s  been  deve loped  f o r  
a p p l i c a t i o n  t o  mining equipment  used  
where seam h e i g h t s  a r e  48  i n  o r  l e s s .  
Canopies  a r e  u s e d  i n  48- t o  60-in seams,  
b u t  n o t  w i t h o u t  problems.  I n  seam 
h e i g h t s  l e s s  t h a n  48  i n ,  p r e v i o u s  a t -  
t e m p t s  t o  a p p l y  canopy t e c h n o l o g i e s  have  
r e s u l t e d  i n  a d v e r s e  comments f rom o p e r a -  
t o r s  and mine management. T y p i c a l  prob-  
lems a r e  r educed  v i s i b i l i t y  and f a t i g u e  
caused  by u n u s u a l  and cramped o p e r a t o r  
p o s i t i o n s .  

Al though advancements have  been made 
t o  improve o p e r a t o r  s a f e t y ,  p r e v e n t a b l e  
i n j u r i e s  c o n t i n u e  t o  occur .  A 1983 s t u d y  
showed t h a t  t h e r e  were 616 p r e v e n t a b l e  
a c c i d e n t s  between 1975 and 1978 f o r  
equipment  o p e r a t e d  i n  c o a l  seam h e i g h t s  
l e s s  t h a n  48 i n  ( 3 ) .  Of t h e  p r e v e n t a b l e  
a c c i d e n t s ,  t h e  &st f r e q u e n t  t y p e s  of 
equipment i n v o l v e d  were  h igh-speed f a c e  

equipment s u c h  a s  s h u t t l e  c a r s ,  s c o o p s ,  
and t r a c t o r s ,  which accoun ted  f o r  226 
i n j u r i e s ,  o r  36 p c t  of s u c h  a c c i d e n t s .  

S u c c e s s f u l  d e s i g n s  f o r  a l l  equipment 
t y p e s  have  n o t  y e t  been  developed.  Face  
equipment s u c h  a s  c o n t i n u o u s  m i n e r s ,  roo f  
b o l t e r s ,  and f a c e  d r i l l s ,  a r e  u s u a l l y  
much e a s i e r  t o  e q u i p  w i t h  p r o t e c t i v e  
o p e r a t o r  c a b s  and c a n o p i e s  t h a n  s h u t t l e  
c a r s .  These t y p e s  of  f a c e  equipment p e r -  
form t h e i r  f u n c t i o n s  p r i m a r i l y  a t  one 
l o c a t i o n ;  i . e . ,  a  c o n t i n u o u s  miner ex- 
t r a c t s  c o a l  a t  t h e  f a c e ,  whereas  s h u t t l e  
c a r s  f r e q u e n t l y  t r a v e l  t h r o u g h  t h e  work- 
i n g  s e c t i o n .  A l so  t h e  t r a m  r a t e  of  s h u t -  
t l e  c a r s  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  
t h a t  of o t h e r  t y p e s  of f a c e  equipment.  
These  f a c t o r s  r e q u i r e  t h a t  a  s h u t t l e  c a r  
be maneuverable and have  a s  much c l e a r -  
a n c e  a s  p o s s i b l e  i n  o r d e r  t o  t r a m  th rough  
t h e  t i g h t  s p o t s  i n t h e  s e c t i o n .  The 
r equ i remen t  f o r  tramming c l e a r a n c e  i s  op- 
posed by t h e  f a c t  t h a t  a  p r imary  g o a l  i n  
s h u t t l e  c a r  d e s i g n  i s  t o  maximize t h e  
amount of c u t  c o a l  t h a t  can  be t r a n -  
s p o r t e d  f rom t h e  f a c e .  The o v e r a l l  e f -  
f e c t  of  t h e s e  f a c t o r s  i s  t h a t  s p a c e  t h a t  
c o u l d  o t h e r w i s e  be u t i l i z e d  f o r  t h e  ope r -  
a t o r  i s  used  f o r  i n c r e a s e d  c o a l  c a p a c i t y  
and t r a m  c l e a r a n c e .  

The l i m i t e d - c o v e r a g e  t e c h n i q u e  was de-  
ve loped  a s  a  means of p r o v i d i n g  o p e r a t o r  
p r o t e c t i o n  i n  seams 48 i n  o r  l e s s .  T h i s  
t e c h n i q u e  p r o v i d e s  p r o t e c t i o n  f rom t h e  
most f r e q u e n t  i n j u r i e s  w h i l e  m a i n t a i n i n g  
a d e q u a t e  o p e r a t o r  v i s i b i l i t y  and 
comfor t .  

TECHNICAL APPROACH 

The l i m i t e d  s u c c e s s  of  c u r r e n t  d e s i g n  
methods i n  p r o d u c i n g  a c c e p t a b l e  o p e r a t o r  
compartments f o r  thin-seam, h igh-speed 
f a c e  equipment  r e q u i r e d  t h a t  new d e s i g n  
a p p r o a c h e s  be  t a k e n .  The i n i t i a l  p rob lem 
was t o  d e t e r m i n e  t h e  most f r e q u e n t  t y p e s  

3 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  re- 
f e r  t o  i t e m s  i n  t h e  l i s t  of r e f e r e n c e s  
p r e c e d i n g  t h e  appendix.  

and c a u s e s  of h igh-speed,  low-coal f a c e  
equipment a c c i d e n t s .  A f t e r w a r d s ,  t h e  
g o a l  was t o  d e t e r m i n e  t h e  most e f f e c t i v e  
means of  e i t h e r  p r e v e n t i n g  t h e  a c c i d e n t s  
o r  p r o t e c t i n g  t h e  o p e r a t o r  w i t h o u t  c r e a t -  
i n g  a d d i t i o n a l  h a z a r d s .  

Acc iden t  a n a l y s i s  ( t a b l e  1) i n d i c a t e d  
t h a t ,  f o r  h igh-speed f a c e  equipment ,  t h e  
m a j o r i t y  of a c c i d e n t s  (87 p c t )  were  
p i n c h i n g  a n d / o r  squeez ing .  These  a r e  



TABLE 1. - High-speed low-coal s h u t t l e  c a r  a c c i d e n t s ,  1982-84 

a c c i d e n t s  where t h e  o p e r a t o r  becomes of d e s i g n  f a c t o r s  which must be consid-  
crushed between t h e  machine frame and e r e d  i n  low c o a l  canopy d e s i g n s  have been 
overhead o b s t r u c t i o n s  o r  t h e  r i b .  The def ined .  These d e s i g n  c o n s i d e r a t i o n s ,  
major causes  of t h i s  type  of a c c i d e n t  which a r e  l i s t e d  below, have been in -  
were l a c k  of o p e r a t o r  v i s i b i l i t y  and l a c k  c o r p o r a t e d  i n t o  t h i s  program: 

Other  

~0.17 11 
13 4  

1984.. .... 
Tota l . .  

of adequa te  p r o t e c t i o n .  
Based on t h i s  d a t a ,  i t  was concluded PA--p O v e r a l l  Safety- 

t h a t  a  s i g n i f i c a n t  number of low-coal, 
high-speed f a c e  equipment a c c i d e n t s  cou ld  S a f e t y  must remain t h e  keystone c r i -  
be p reven ted  w i t h  a l t e r n a t i v e s  t o  f u l l -  t e r i a  of good compartment des ign.  Th is  
coverage canopies .  (However f u l l -  i n v o l v e s  o p e r a t o r  p r o t e c t i o n  from a s  many 
coverage canopies  a r e  t h e  most p r e f e r a b l e  conce ivab le  i n j u r i e s  a s  p o s s i b l e ,  from 
means of p r o t e c t i o n  where t h e y  a r e  p rac -  l i f e - t h r e a t e n i n g  i n j u r i e s  due t o  roof 

Year 

1982...... 
1983.. .... 

t i c a l . )  I n  low c o a l ,  f u l l  coverage can f a l l s  t o  b r u i s e s  and c o n t u s i o n s  caused by 
r e s t r i c t  p h y s i c a l  movement and v i s i b i l i t y  s h a r p  c o r n e r s  w i t h i n  t h e  cab. S a f e t y  
t o  such  a n  e x t e n t  t h a t  s a f e  machine oper-  a l s o  i n v o l v e s  p rov id ing  a  comfor table  

Roof f a l l  

275 
870 

a t i o n  becomes d i f f i c u l t .  T h e r e f o r e ,  l i m -  p h y s i c a l  and p s y c h o l o g i c a l  environment t o  
i t e d  coverage was determined t o  be a  promote s a f e  work h a b i t s .  
v i a b l e  o p t i o n  i n  c a s e s  where no o p e r a t o r  

T o t a l  

334 
261 

No. 
34 
19 

p r o t e c t i o n  was a v a i l a b l e .  Adequacy of Operator  Vis ion  -- and ---- Vis ion  
This  r e p o r t  i s  aimed a t  p r e v e n t i n g  i n -  Windows 

j u r y  due t o  t h e  most common t y p e  of low- 
c o a l ,  high-speed f a c e  equipment a c c i d e n t ,  R e s t r i c t e d  v i s i b i l i t y  is  t h e  o p e r a t o r ' s  

Pc t  
10 
7  

235 
753 

p i n c h i n g  a n d / o r  squeezing.  I n  o r d e r  t o  major o b j e c t i o n  t o  canopies .  Owing t o  
a c h i e v e  t h i s ,  o p e r a t o r  coverage must be e i t h e r  t h e i r  wid th  o r  l o c a t i o n  i n  t h e  

P inch ing  a n d / o r  squeez ing  

- 87 2  

k e p t  t o  a  minimum t o  p rov ide  adequa te  compartment, canopy p o s t s  o f t e n  o b s t r u c t  
v i s i b i l i t y  and be s t r a t e g i c a l l y  p laced  t o  v i t a l  a r e a s  from t h e  o p e r a t o r ' s  view. 
p r o v i d e  maximum p r o t e c t i o n .  Th is  The view of t h e  roof  i s  o f t e n  o b s t r u c t e d  

No. 
289 
229 

r e q u i r e s  t h e  o p e r a t o r  p r o t e c t i o n  t o  be 
p l a c e d  above and i n  f r o n t  of t h e  opera-  
t o r ' s  head t o  p r e v e n t  t r a p p i n g  t h e  opera-  
t o r  between t h e  machine frame and over-  
head o b s t r u c t i o n s .  Also s i d e  r e s t r a i n t s  
s h o u l d  be p rov ided  t o  p r e v e n t  t h e  opera -  
t o r  f rom l e a n i n g  o u t  of t h e  p r o t e c t i v e  
enve lope  and becoming squeezed between 
t h e  moving machine and r i b .  

The Bureau of Mines h a s  sponsored sev-  
e r a l  programs t o  advance t h e  d e s i g n  and 
a p p l i c a t i o n  of canopies  and t o  demon- 
s t r a t e  t h e  new t e c h n o l o g i e s  i n  under- 
ground c o a l  mines. These programs have 
made advances  i n  human f a c t o r s  e n g i n e e r -  
i n g  and s t a n d a r d i z e d  o p e r a t o r  c o n t r o l s  
and s e a t  des ign.  A d d i t i o n a l l y ,  a  number 

PC t 
87 
89 

by t h e  t h i c k n e s s  and shape of t h e  canopy 
top .  It i s  impera t ive  t h a t  t h e  machine 
o p e r a t o r  be a b l e  t o  s e e  over  t h e  t o p  of 
t h e  machine frame t o  s a f e l y  o p e r a t e  t h e  
equipment. The p roper  canopy-to-machine 
h e i g h t  r e l a t i o n s h i p s  (3-4) f o r  s a f e  oper-  -- 
a t i o n  a r e  shown i n  f i g u r e  1. 

Other common causes  of v i s i o n  o b s t r u c -  
t i o n  i n c l u d e  s i d e b o a r d s ,  t i r e  c o v e r s ,  and 
machine f rames t h a t  a r e  t o o  h i g h  f o r  t h e  
seam h e i g h t .  Poor v i s i b i l i t y  i s  a  s e r i -  
ous s a f e t y  hazard.  Machine o p e r a t o r s  a r e  
l e s s  l i k e l y  t o  h i t  overhead o b s t r u c t i o n s  
o r  l e a n  o u t  of t h e  p r o t e c t i v e  canopy i f  
t h e y  can  comfor tably  view t h e  a r e a  beyond 
t h e  machine from w i t h i n  t h e  canopy whi le  
tramming. 
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FIGURE 1 .-Canopy-to-rnachine height relationships. 

Operator Comfort 

Machine ope ra to r s  become f a t i g u e d  
quick ly  i f  adequate  working space is  not  55  

provided w i t h i n  thin-seam compartments. 
A s  canopy h e i g h t s  a r e  lowered f o r  5 0  
thin-seam ope ra t i on ,  t h e  ope ra to r  i s  
p laced  i n  an i nc reas ing ly  r e c l i n e d  posi-  

c 4 5  t ion .  This  r e q u i r e s  an increased  working .- 
l e n g t h  i f  comfort is  t o  be maintained. 
The r e l a t i o n s h i p  of ope ra to r  head room t o  40 

proper  working l eng th  (3-4) - - i s  shown i n  2 
f i g u r e  2. Add i t i ona l ly ,  t h e  compartment 35 
width  must be adequate  f o r  comfortable  
o p e r a t i o n  and v i s i b i l i t y  a longs ide  t h e  
machine. 

$ 3 0  
LT 
W 
a 

S e a t i n g  0 25  

Most o r i g i n a l  equipment manufacturer 2 0 
(OEM) low-coal s h u t t l e  c a r  s e a t i n g  i s  in-  
adequate.  Proper  s e a t i n g  should be pad- 
ded and equipped wi th  an a d j u s t a b l e  back I52o 25 3 0  35 4 0  4 5  5 0  55  
(with lumbar suppor t )  and an  a d j u s t a b l e  OPERATOR WORKING LENGTH, in 
headres t .  S p e c i f i c  requirements  a r e  t h a t  
t h e  eye l e v e l  of a  5 th-percent i le  female FIGURE 2.4perator-head-room-to-compartment-length 
and 95th-percent i le  male ope ra to r  be high relationships. Lowest possible headroom. 



Shoulder height 
Eye-to- helmet top 
Forearm - hand length 
Buttock - knee length 
Buttock- leg length 
Back-of -knee height 
Shoulder breadth 
Hip breadth 
Eye height 
Sitting height 
S~tt ing height 
with helmet 

I Dimenions, i n  I 

FIGURE 3.-Coal miner anthropometrics. 

5th percentile 
female 

19.7 
' 6 . 0  

15.3 
20.5 
3 8 . 0  
14.8 
14.1 
12.9 
26.9 
30.9  
32.9  

enough t o  s e e  o v e r  t h e  t o p  of  t h e  machine 
f rame and t h e  s e a t  w i d t h  be a d e q u a t e  f o r  
a  9 5 t h - p e r c e n t i l e  male. (See  f i g u r e  3 . )  

95th percentile 
male 

25.7  
6.5 

20 .2  
25 .9  
46.1 
18.2 
20.1 
15.4 
33.9  
3 8 . 4  
40 .4  

C o m ~ l e x i t v  of Des ign 

Based on t h e  r e s u l t s  of p r e v i o u s  canopy 
p r o j e c t s ,  i t  h a s  become a p p a r e n t  t h a t  
o v e r l y  complex canopy d e s i g n s  have  n o t  
a l l  been s u c c e s s f u l .  Canopies  w i t h  num- 
e r o u s  and complex moving p a r t s  a n d / o r  ex- 
t e n s i v e  h y d r a u l i c  a d j u s t m e n t s  a r e  d i f f i -  
c u l t  t o  i n s t a l l  and m a i n t a i n ,  and t h e i r  
n o v e l  f e a t u r e s  a r e  o f t e n  n o t  used  o r  be- 
come damaged t o  t h e  p o i n t  where they  
c a n n o t  be used.  Des igns  s h o u l d  be k e p t  
a s  s i m p l e  a s  p o s s i b l e  t o  minimize ope ra -  
t i o n a l  problems.  

Frequency of Maintenance  and Ease  of --- -- ------- 

F i e l d  R e t r o f i t  

Compl ica ted  canopy d e s i g n s  t h a t  i n c o r -  
p o r a t e  t o o  many h y d r a u l i c  a d j u s t m e n t  f e a -  
t u r e s ,  t o o  many moving p a r t s ,  and "gadget  
type"  f e a t u r e s  of t e n  f a l l  i n t o  d i s r e p a i r  
b e c a u s e  t h e  f r e q u e n t  maintenance  t h e y  
r e q u i r e  i s  s imply  n o t  done. P a s t  e x p e r i -  
e n c e  h a s  shown t h a t  a  s i m p l e ,  s t r u c t u r -  
a l l y  sound and human-engineered canopy 
d e s i g n  i s  t h e  most a c c e p t e d  t y p e  of can- 
opy. Canopies  s h o u l d  be c o n s t r u c t e d  of 
r e a d i l y  a v a i l a b l e  m a t e r i a l s  and s h o u l d  
r e q u i r e  minimal machining work. 

I n g r e s s  and  E g r e s s  
S t r u c t u r a l  I n t e g r i t y  

Ano the r  major  c o m p l a i n t  o f  o p e r a t o r s  i s  
t h e  d i f f i c u l t y  of i n g r e s s  and e g r e s s  
c a u s e d  by canopy d e s i g n .  Openings must 
be  f r e e  o f  o b s t a c l e s  t h a t  t e n d  t o  s n a g  
t h e  o p e r a t o r ' s  b e l t ,  cap-lamp b a t t e r y ,  o r  
s e l f - r e s c u e r .  Two i m p o r t a n t  d e s i g n  f e a -  
t u r e s  c a n  be  employed t o  a i d  t h e  o p e r a -  
t o r .  The f i r s t  i s  t o  u s e  a s  many hand- 
r a i l s  and handho lds  a s  a r e  f e a s i b l e  t o  
f a c i l i t a t e  q u i c k  and smooth i n g r e s s  and  
e g r e s s .  The second  f e a t u r e  f o r  d e s i g n  
c o n s i d e r a t i o n  i n v o l v e s  a l t e r n a t e  e x i t s .  
T h e r e  a r e  s i t u a t i o n s  when t h e  o p e r a t o r  
must e x i t  i n  a  h u r r y  ( f o r  example,  f i r e ,  
i n u n d a t i o n ,  e t c .  ). I f  f o r  a n y  r e a s o n  t h e  
main e g r e s s  r o u t e  f rom t h e  machine i s  
b locked ,  t h e r e  s h o u l d  b e  a n  a l t e r n a t i v e  
way o u t .  T h i s  a l t e r n a t i v e  e s c a p e  o p e n i n g  
s h o u l d  measure  a t  l e a s t  18  by 30 i n .  

Each canopy s h o u l d  be d e s i g n e d  t o  w i t h -  
s t a n d  a  v e r t i c a l  l o a d  of 18 ,000 l b  o r  
15 p s i  d i s t r i b u t e d  o v e r  t h e  p l a n  view 
a r e a  of t h e  canopy roof  s t r u c t u r e  i n  com- 
p l i a n c e  w i t h  30 CFR 75.1710. A d e s i g n  
f e a t u r e  which i s  n o t  a n  MSHA r e q u i r e m e n t ,  
b u t  s h o u l d  be  i n c o r p o r a t e d ,  i s  t h e  a b i l -  
i t y  of t h e  canopy t o  w i t h s t a n d  s i g n i f i -  
c a n t  h o r i z o n t a l  i m p a c t s  w i t h o u t  deforming 
t h e  canopy t o p ,  p o s t s ,  o r  t h e  compartment 
s u p p o r t  s t r u c t u r e .  

With t h e s e  c o n s i d e r a t i o n s  i n  mind, a  
l i s t  of  f e a t u r e s  t h a t  s h o u l d  be i n c l u d e d  
i n  a  l i m i t e d - c o v e r a g e  o p e r a t o r  s t r u c t u r e  
was compiled.  These  f e a t u r e s  a r e  a s  
f o l l o w s :  



1. F l o a t i n g  deck f o r  maximum opera -  
a t o r  room. 

2. Wider and l o n g e r  compartment 
f o r  comfor t  and  v i s i b i l i t y .  

3. Padded a d j u s t a b l e  s e a t  and 
h e a d r e s t .  

4. Optimum l o c a t i o n  of c o n t r o l s  
f o r  e a s i e r  o p e r a t i o n .  

5. Handholds f o r  i n g r e s s  and 
e g r e s s .  

6. O p t i o n a l  emergency e x i t  f o r  i n -  
g r e s s  o r  e g r e s s .  

7. Reduced canopy s i z e  f o r  b e t t e r  
v i s i b i l i t y .  

8. S i d e  p r o t e c t i o n  t o  p r e v e n t  
o p e r a t o r  from l e a n i n g  o u t .  

9. Lower s i d e b o a r d s  f o r  b e t t e r  
v i s i b i l i t y .  

10. Wheel c o v e r s  removed f o r  b e t t e r  
v i s i b i l i t y .  

11. Optimum l o c a t i o n  of canopy sup- 
p o r t  p o s t s  f o r  b e t t e r  v i s i b i l i t y .  

12. S i m p l i c i t y  of d e s i g n  f o r  e a s e  
of f a b r i c a t i o n .  

13. S t r u c t u r a l  i n t e g r i t y  f o r  ope ra -  
t o r  p r o t e c t i o n .  

DESIGN CONCEPTS 

The i n i t i a l  s t e p  i n  t h i s  p r o j e c t  was t o  
s e l e c t  a  t y p i c a l  low-coal  s h u t t l e  c a r  t o  
r e t r o f i t  w i t h  improved o p e r a t o r  p o r t e c -  
t i v e  s t r u c t u r e  c o n c e p t s .  There  a r e  two 
g e n e r a l  s h u t t l e  c a r  d e s i g n s  of t h e  
s t r a i g h t - t h r o u g h  c h a i n  conveyor t y p e  com- 
monly used i n  low-coal  mining o p e r a t i o n s .  
Both d e s i g n s  p o s s e s s  un ique  advan tages  
and d i s a d v a n t  qges . The f i r s t  i s  a  
c e n t e r - d r i v e n  c o n f i g u r a t i o n  t h a t  p r o v i d e s  
t h e  o p e r a t o r  w i t h  a  m a r g i n a l ,  b u t  a c c e p t -  
a b l e ,  f i e l d  of v i s i o n  i n  b o t h  t r am d i r e c -  
t i o n s .  T h i s  c o n f i g u r a t i o n  poses  some 
v i s i o n  d i f f i c u l t i e s  when tramming ou tby  
w i t h  a  f u l l  l o a d  of c o a l ,  p a r t i c u l a r l y  
when t h e  o p e r a t o r  t r i e s  t o  a l i g n  t h e  
s h u t t l e  c a r  w i t h  t h e  dumpsi te .  The s e c -  
ond g e n e r a l  c o n f i g u r a t i o n  i s  t h e  end- 
d r i v e n  s h u t t l e  ca r .  T h i s  c o n f i g u r a t i o n  
p r o v i d e s  e x c e l l e n t  v i s i o n  when tramming 
ou tby  by e l i m i n a t i n g  t h e  need t o  look  
o v e r  t h e  c o a l  p i l e .  However, i t  does  
r e s t r i c t  v i s i o n  when tramming inby  due t o  
i t s  p o s i t i o n  on t h e  f a r  end of t h e  c a r .  
S i n c e  b o t h  of t h e s e  d e s i g n  c o n f i g u r a t i o n s  
a r e  r e l a t i v e l y  common, i t  was d e c i d e d  
t h a t  d e s i g n  c o n c e p t s  s h o u l d  be developed 
f o r  b o t h  v e h i c l e  t y p e s .  Two s h u t t l e  c a r s  
were a v a i l a b l e  o n - s i t e ,  a  N a t i o n a l  Mine 
S e r v i c e  (NMS) Torka r  28B-S12-40 c e n t e r -  
d r i v e n  s h u t t l e  c a r  and a  FMC 6L-52 end- 
d r i v e n  s h u t t l e  c a r .  Although n e i t h e r  of 
t h e s e  c a r s  a r e  t y p i c a l l y  used  i n  low 
c o a l ,  t h e y  were  de te rmined  t o  be a d e q u a t e  

4 ~ e f  e r e n c e  t o  s p e c i f i c  p r o d u c t s  does  
n o t  imply  endorsement by t h e  Bureau of  
Mines. 

f o r  demons t ra t ing  t h e  o v e r a l l  d e s i g n  
concep t s .  

Three  d e s i g n  c o n c e p t s  were chosen t o  be 
developed i n t o  p r o t o t y p e  o p e r a t o r  p r o t e c -  
t i v e  s t r u c t u r e s .  A l l  t h r e e  were based on 
t h e  l imi ted -coverage  phi losophy.  These 
c o n c e p t s  e l i m i n a t e d  t h e  major drawback of 
c u r r e n t  canopy d e s i g n s  by p r o v i d i n g  ade- 
q u a t e  v i s i b i l i t y .  Although t h e s e  d e s i g n s  
do n o t  p r o v i d e  t h e  i d e a l  o b j e c t i v e  of 
p r o v i d i n g  f u l l - c o v e r a g e  o p e r a t o r  p r o t e c -  
t i o n ,  t h e y  do p r o t e c t  t h e  o p e r a t o r  from 
t h e  most f r e q u e n t  c a u s e  of s h u t t l e  c a r  
o p e r a t o r  i n j u r i e s  ( p i n c h i n g  a n d / o r  
s q u e e z i n g  a c c i d e n t s ) .  Thus ,  t h e  imple- 
men ta t ion  of t h e s e  d e s i g n s  c o n s t i t u t e s  a  
v a s t  improvement o v e r  t h e  c u r r e n t  p rac -  
t i c e  of p r o v i d i n g  no p r o t e c t i o n .  

A ph i losophy  of human f a c t o r s  d e s i g n  
was a d a p t e d  t o  t h e  n e c e s s a r y  f u n c t i o n s  of 
t h e  s h u t t l e  c a r s .  The r e s t r i c t e d  e n v i -  
ronment of low-coal r e q u i r e s  s p e c i a l  con- 
s i d e r a t i o n s .  Abso lu te  comfor t  f o r  t h e  
o p e r a t o r  i s  no t  p o s s i b l e  g i v e n  t h e  l i m -  
i t e d  s p a c e  compartment. Compromises must 
be made w i t h  r e s p e c t  t o  what is  t h e o r e t i -  
c a l l y  d e s i r a b l e  v e r s u s  what i s  p o s s i b l e  
from a  p r a c t i c a l  v iewpoint .  Thus,  t h e  
human f a c t o r s  c h a l l e n g e  was how t o  b e s t  
meet b o t h  t h e  f u n c t i o n a l  r e q u i r e m e n t s  and 
a t  t h e  same t ime  a v o i d  undue p h y s i o l o g i -  
c a l  o r  p s y c h o l o g i c a l  s t r e s s  on t h e  
o p e r a t o r .  

The f i r s t  concep t  t o  be  developed was a  
r o l l - b a r  c o n f i g u r a t i o n .  T h i s  concep t  had 
t h e  advan tage  of p r o v i d i n g  a  p r o t e c t i v e  
enve lope  which cou ld  be q u i c k l y  and 



e a s i l y  r e t r o f i t t e d  underground between 
working s h i f t s .  

The second concept  was a  s l i d i n g  canopy 
which would p rov ide  p r o t e c t i o n  over  one 
end of t h e  o p e r a t o r  compartment a t  a  
t ime ;  i t  must be s l i d  from one end of t h e  
c a b  t o  t h e  o t h e r ,  depending upon t h e  
o p e r a t o r ' s  p o s i t i o n  f o r  t h e  c u r r e n t  t r am 
d i r e c t i o n .  While s l i g h t l y  more complex 
t o  i n s t a l l  t h a n  t h e  r o l l - b a r  d e s i g n ,  t h i s  
concept  had t h e  advantage of p r o v i d i n g  
some roof  f a l l  p r o t e c t i o n  i n  a d d i t i o n  t o  
p r o t e c t i o n  from p i n c h i n g  a n d / o r  squeez ing  
t y p e  a c c i d e n t s .  

The t h i r d  concept  was a  " f l ip - top"  de- 
s i g n  which f e a t u r e d  a n  arc-shaped canopy 
t h a t  could  be f l i p p e d  from one end of 
t h e  o p e r a t o r  compartment t o  t h e  o t h e r  

dec ided  t h a t  t h i s  d e s i g n  should be devel-  
oped i n t o  a  t o t a l  o p e r a t o r  compartment 
d e s i g n  concept u t i l i z i n g  t h e  l a t e s t  i n  
an th ropomet r ic  d e s i g n  c r i t e r i a .  

P r i o r  t o  c o n s t r u c t i o n ,  each of t h e  con- 
c e p t s  was b u i l t  i n  mockup form u t i l i z i n g  
plywood and p l a s t i c  p ipe .  Th is  t echn ique  
had proven extremely u s e f u l  i n  p rev ious  
Bureau programs. The plywood mockups 
a l lowed d e s i g n  d e E i c i e n c i e s  t o  be r e a d i l y  
i d e n t i f i e d  and c o r r e c t e d  p r i o r  t o  a c t u a l  
hardware c o n s t r u c t i o n .  Once t h e  mockups 
were e v a l u a t e d  f o r  o p e r a t o r  comfor t ,  v i s -  
i b i l i t y ,  and g e n e r a l  o v e r a l l  s u i t a b i l i t y  
f o r  t h e  s e l e c t e d  s h u t t l e  c a r s ,  t h e  de- 
s i g n s  were f i n a l i z e d  and a c t u a l  f a b r i c a -  
t i o n  commenced. A d e t a i l e d  d e s c r i p t i o n  
of each  canopy d e s i g n  i s  l i s t e d  below. 

depending on t h e  t r am d i r e c t i o n .  It was 

LIMITED COVERAGE CONCEPTS 

ROLL-BAR CANOPY The o r i g i n a l  t ram deck was t o o  narrow 
f o r  adequa te  o p e r a t o r  comfort o r  v i s i b i l -  

The s i m p l e s t  and most obvious  s o l u t i o n  i t y  a long  t h e  s i d e  of t h e  s h u t t l e  c a r  
f o r  p r o v i d i n g  l imi ted-coverage  p r o t e c t i o n  
i s  a  r o l l - b a r  t y p e  p r o t e c t i v e  s t r u c t u r e .  
T h i s  t y p e  of p r o t e c t i o n  i s  recommended 
only  f o r  t h e  most r e s t r i c t i v e  environment 
(seam h e i g h t s  l e s s  t h a n  42 i n ) ,  where 
more comprehensive p r o t e c t i o n  cannot be 
provided.  T h i s  concept  can  p r o v i d e  pro- 
t e c t i o n  and m a i n t a i n  reasonab le  o p e r a t o r  
v i s i b i l i t y  i n  a l l  b u t  t h e  lowest  c o a l  
seam a p p l i c a t i o n s  ( l e s s  t h a n  32 i n )  where 
batch- type h a u l a g e  i s  commonly a p p l i e d .  

The base  v e h i c l e  chosen f o r  d e s i g n  work 
was t h e  N a t i o n a l  Mine S e r v i c e  Torkar  28B- 
S12-52. T h i s  s h u t t l e  c a r  was o r i g i n a l l y  
des igned  f o r  moderate ly  low-coal opera -  
t i o n  (40- t o  52-in seam h e i g h t s ) ,  bu t  
s t i l l  p rov ided  a  s u i t a b l e  b a s e  f o r  con- 
c e p t  c o n s t r u c t i o n  and e v a l u a t i o n .  Also,  
t h e  OEM o p e r a t o r  compartment came w i t h  a  
f u l l - f l o a t i n g  t r a m  deck ,  which p rec luded  
t h e  need f o r  c o n s t r u c t i o n  of a  new f l o a t -  
i n g  mechanism o r  r a d i c a l  rearrangement  of 
t h e  o p e r a t o r  c o n t r o l s .  

The i n i t i a l  t a s k  was t o  p r e p a r e  t h e  
s h u t t l e  c a r  f o r  low-coal o p e r a t i o n .  
F i r s t ,  t h e  h i g h  wheel c o v e r s  were removed 
and r e p l a c e d  w i t h  b e l t  m a t e r i a l  t o  i m -  

w i thou t  l e a n i n g  o u t  of t h e  compartment (a 
major cause  of o p e r a t o r  i n j u r i e s  (3-4). - -  
I d e a l l y ,  t h e  s e a t i n g  wid th  should be a t  
l e a s t  20 i n ,  and compartments shou ld  be 
a t  l e a s t  30 i n  wide,  n o t  i n c l u d i n g  s p a c e  
t a k e n  up by c o n t r o l s  (3-4). The t ram - -  
deck of t h e  Torkar  was widened by 8  i n  t o  
g i v e  t h e  o p e r a t o r  a  f u l l  view a long  t h e  
s i d e  of t h e  machine and provide 30 i n  
s i d e - t o - s i d e  room f o r  t h e  o p e r a t o r .  

OEM s e a t i n g  c o n s i s t e d  of an 8-in-wide 
s t e e l  p l a t e  t h a t  f o l d e d  up t o  p rov ide  t h e  
o p e r a t o r  w i t h  ve ry  minimal back s u p p o r t ;  
t h i s  s e a t i n g  arrangement was removed. A 
new s e a t i n g  system was d e v i s e d  t o  over-  
come t h e  l i m i t a t i o n s  imposed by b i d i r e c -  
t i o n a l  equipment compartment d e s i g n ,  
which r e q u i r e s  opposing s e a t s  a t  e i t h e r  
end of t h e  cab t h a t  a r e  s m a l l  enough no t  
t o  i n t e r f e r e  w i t h  t h e  t r am and brake  con- 
t r o l s .  The new d e s i g n  c o n s i s t s  of a  
s i n g l e  s e a t  w i t h  t rack-mounted r o l l e r s  s o  
i t  can  be moved from one end t o  t h e  o t h e r  
w i t h  minimal e f f o r t .  T h i s  s e a t  ( f i g .  4 )  
c o n t a i n s  numerous f e a t u r e s  f o r  o p e r a t o r  
comfort .  They a r e  a s  f o l l o w s :  

prove o p e r a t o r  v i s i b i l i t y  o v e r  t h e  t o p  of 
t h e  c a r .  



Adjustable headrest 

Bearing (180" swivel) m o u n t e y  ,Q- // Sliding base 

FIGURE 4.-Shuttle car seat. 

1. Padded s e a t ,  20 i n  wide. 
2. Padded back re s t  wi th  lumbar 

support .  
3. Padded headres t .  
4. Ho r i zon t a l  s e a t  ad jus tments  f o r  

comfor tab le  c o n t r o l  reach. 
5. V e r t i c a l l y  a d j u s t a b l e  back re s t  

f o r  p roper  s e a t i n g  he igh t .  
6. Adjus tab le  head re s t  f o r  

comfort. 
7. Rugged c o n s t r u c t i o n  t o  wi ths tand  

t h e  mining environment. 

This  t o t a l l y  a d j u s t a b l e  s e a t i n g  system 
provided comfort and proper  s e a t i n g  
he igh t  f o r  v i s i b i l i t y  through t h e  e n t i r e  
range from 5 th  p e r c e n t i l e  female t o  95 th  
p e r c e n t i l e  male. 

The next  problem was des ign ing  and i n -  
s t a l l i n g  t h e  r o l l  bars.  The main concern 
i s  proper  placement t o  provide t h e  maxi- 
mum o p e r a t o r  p ro tec t ion .  The main t h r u s t  
of t h i s  p r o t e c t i o n  i s  t o  p reven t  p inch ing  
and/or  squeezing acc iden t s .  The r o l l  ba r  
should t h e r e f o r e  be p laced  i n  f r o n t  o f ,  



FIGURE 5.-Roll bar protection. 

i n s t e a d  of d i r e c t l y  over, t h e  ope ra to r ' s  
head. The next cons ide ra t i on  is t o  p l ace  
t h e  r o l l  bar  s o  t h a t  t h e  temptat ion t o  
l e a n  out  of t h e  cab is  inh ib i t ed .  

The ro l l -ba r  concept was app l i ed  t o  t h e  
modified Nat.iona1 Mine Serv ice  Torkar 
compartment ( f ig .  5). Two r o l l  ba r s  con- 
s t r u c t e d  of 3 i n  s t r u c t u r a l  steel tub ing  
were placed a t  t h e  q u a r t e r  p o i n t s  i n  from 
each  end of t h e  76-in-long compartment. 
The r e s u l t i n g  s t r u c t u r e  was capable  of 
suppor t ing  v e r t i c a l  loads of a t  l e a s t  

18,000 l b  and l a t e r a l  load ing  of 
4,000 lb.  

The complete package of r o l l  bars ,  
wider compartment, f u l l  f l o a t i n g  deck, 
and improved s e a t i n g  meets most of t h e  
i d e a l  des ign  c r i t e r i a .  This  type of op- 
e r a t o r  p r o t e c t i o n  can be e a s i l y  imple- 
mented on f a c e  equipment, providing some 
p r o t e c t i o n  i n  mining environments where 
no o t h e r  p r o t e c t i v e  measures e x i s t  and 
where condi t ions  preclude t h e  implementa- 
t i o n  of more complete pro tec t ion .  



;Complete s p e c i f i c a t i o n s  f o r  t h e  s h u t t l e  
c a r  w i t h  r o l l - b a r  p r o t e c t i o n  a r e  g i v e n  i n  
b a b l e  2. 

TABLE 2. - S p e c i f i c a t i o n s  f o r  s h u t t l e  
c a r ,  r o l l - b a r  canopy,  and s l i d i n g  
compartment 

S h u t t l e  c a r :  
U n i t  we igh t  .......... l b . .  26,000 
O v e r a l l  l e n g t h  ....... f t . .  26 
Frame h e i g h t . .  ...... . i n . .  32 
Working h e i g h t . .  .... . i n .  . 40 
Width................in.. 109 
Conveyor width . . . . . . . in . .  5  5  
Conveyor s p e e d  ... f t / m i n . .  6 0  
C a p a c i t y  

( w a t e r  l e v e l ) . . . . c u  f t . .  130 
Tram speed. .  ....... .mph.. 4.0 
T i r e  size.. . . . . . . . . . . . . . .  12 by 20 
Ground c l e a r a n c e .  ... . i n .  . 6.5 
Wheel base. . . . . . . . . . . f t . .  9 
Boom e x t e n s i o n . .  .... . in . .  40 
Turn ing  r a d i u s :  

Ins ide . . . . . . . . . . . . . f t . .  7-516 
Outside.. . . . . . . . . . .ft . .  22 

Motor:  H y d r a u l i c  .... hp.. 45 
Ro l l -ba r  canopy,  i n :  

H e i g h t  ( w i t h  cab).. . . . . . .  36 
Width.................... 32 
Length. .  ................. 7  6 
P o s t  t h i ckness . . . . . . . . . . .  3  
S e a t  width. . . . . . . . . . . . . . .  20 

S l i d i n g  canopy,  i n :  
H e i g h t  ( w i t h  cab). . . . . . . .  38 
Width.................... 32 
Length.  .................. 76 ........ Canopy coverage . .  37.5 by 37.5 
P o s t  t h i ckness . . . . . . . . . . .  3  
S e a t  width.. . . . . . . . . . . . . .  20 

1 SLIDING CANOPY 

The second  c o n c e p t  c o n s t r u c t e d  was a  
s l i d i n g  canopy d e s i g n  ( f i g .  6 ) .  T h i s  
s y s t e m  p r o v i d e s  t h e  o p e r a t o r  w i t h  s i g n i f -  
i c a n t  roo f  f a l l  p r o t e c t i o n  i n  a d d i t i o n  t o  
p r o t e c t i o n  f rom p i n c h i n g  a n d / o r  s q u e e z i n g  
a c c i d e n t s .  Fo r  t h e  s h u t t l e  c a r  u s e d ,  
t h i s  d e s i g n  is  a c c e p t a b l e  f o r  c o a l  seams 
h e i g h t s  a s  low a s  40 i n .  Depending on 
t h e  s h u t t l e  c a r ' s  f rame h e i g h t ,  s u i t a b l e  
o p e r a t o r  p r o t e c t i o n  i s  o b t a i n a b l e  i n  e v e n  
lower  c o a l  seams,  min imiz ing  t h e  most 
f r e q u e n t  h i g h  s p e e d  f a c e  equipment  

o p e r a t o r  i n j u r i e s  ( t h e  p i n c h i n g  and /o r  
s q u e e z i n g  a c c i d e n t )  and p r o v i d i n g  ample 
i n g r e s s  and e g r e s s  p o i n t s .  

The s l i d i n g  canopy p r o v i d e s  p r o t e c t i o n  
ove r  t h e  h a l f  of t h e  c a b  where t h e  ope ra -  
t o r  i s  s i t t i n g  and a n  u n r e s t r i c t e d  f i e l d  
of v i s i o n  i n  t h e  o p p o s i t e  d i r e c t i o n .  The 
canopy p o s i t i o n  i s  r e p o s i t i o n e d  manua l ly ,  
w i t h  minimal o p e r a t o r  e f f o r t ,  and i s  
a u t o m a t i c a l l y  locked  i n  p o s i t i o n .  

T h i s  concep t  was a l s o  c o n s t r u c t e d  on 
t h e  improved Torka r  b a s e  v e h i c l e .  The 
canopy was c o n s t r u c t e d  of a  37.5-in- 
s q u a r e ,  314-in p l a t e  w i t h  rounded c o r n e r s  
t o  minimize hang-ups i n  t h e  e v e n t  of 
r o o f i n g .  The canopy is  s u p p o r t e d  on 
3- in  o-pos ts  mounted on 3-in cam f o l -  
l owers  which s l i d e  i n  two 314- in- th ick  
C-channels  and a r e  locked  i n  p l a c e  by 
sp r ing - loaded  l a t c h e s .  

Again,  s u p p o r t  p o s t s  were l o c a t e d  t o  
p r o v i d e  t h e  maximum p r o t e c t i o n  and v i s i -  
b i l i t y .  The o u t s i d e  p o s t  was l o c a t e d  a t  
t h e  q u a r t e r  p o i n t  t o  p r e v e n t  t h e  o p e r a t o r  
f rom l e a n i n g  o u t ;  t h e  i n s i d e  p o s t s  were 
l o c a t e d  a t  mid p o i n t  t o  p r o v i d e  a  c l e a r  
l i n e - o f - s i g h t  t o  t h e  conveyor.  Handholds 
were p r o v i d e d  f o r  e a s y  i n g r e s s  and e g r e s s  
and t o  a s s i s t  i n  s l i d i n g  t h e  canopy f rom 
one h a l f  of t h e  compartment t o  t h e  o t h e r .  
The canopy v e r t i c a l  l o a d  c a p a c i t y  f a r  
exceeded MSHA's minimum requ i remen t  of 
18 ,000 l b  d i s t r i b u t e d  o v e r  t h e  p l a n  view 
a r e a .  The h o r i z o n t a l  l o a d  c a p a c i t y  was 
c a l c u l a t e d  t o  be 4 ,000 l b .  The d e s i g n  
a l s o  p r o v i d e s  a l t e r n a t i v e  e g r e s s  r o u t e s .  
The s l i d i n g  canopy p r o v i d e s  p r o t e c t i o n  
f rom p i n c h i n g  a n d / o r  s q u e e z i n g  a c c i d e n t s  
and p a r t i a l  p r o t e c t i o n  f rom roof  f a l l s .  
S p e c i f i c a t i o n s  f o r  t h e  s l i d i n g  canopy a r e  
g i v e n  i n  t a b l e  2. 

FLIP-TOP-CANOPY OPEEMTOR COMPARTMENT 1 
The most r e c e n t  d e s i g n  was t h e  f l i p - t o p  

canopy i n t e g r a t e d  i n t o  a  t o t a l l y  an th rop-  
o m e t r i c a l l y  des igned  o p e r a t o r  compartment 
( f i g .  7 ) .  T h i s  concep t  i s  somewhat more 
complex t h a n  t h e  p r e c e d i n g  c o n c e p t s ,  r e -  
q u i r i n g  t h a t  t h e  r e t r o f i t  be  made e i t h e r  
i n  a  r e b u i l d  shop  o r  d u r i n g  i n i t i a l  con- 
s t r u c t i o n  a t  t h e  m a n u f a c t u r e r ' s  p l a n t .  
Al though i t  is more complex, t h i s  d e s i g n  
i s  c o n s i d e r e d  t o  be  b e n e f i c i a l  i n  terms 
of  i n c r e a s e d  p r o t e c t i o n  and o v e r a l l  



FIGURE 6.-Sliding canopy. 

FIGURE 7.-Flip-top operator compartment. 

improvement i n  t h e  ope ra to r ' s  work 
environment. 

The t o t a l  des ign  concept i s  app l i cab l e  
t o  even lower case  designs.  It was de- 
s igned  f o r  and mounted t o  an a v a i l a b l e  
FMC 6L-52 e n d - d r i v e n s h u t t l e  car. An 
end-driven s h u t t l e  c a r  was s e l e c t e d  be- 
cause t h e  f l i p - top  concept provides  t h e  
maximum poss ib l e  v i s i b i l i t y  when tramming 
inby. End-driven s h u t t l e  c a r s  have in-  
h e r e n t l y  poor v i s i b i l i t y  inby due t o  t h e  
p o s i t i o n  of t h e  ope ra to r ' s  compartment a t  
t h e  f a r  end of t h e  s h u t t l e  c a r  and thus  
very l i t t l e  i n t e r f e r e n c e  w i th  t h e  opera- 
t o r ' s  v i s i o n  can be t o l e r a t ed .  

The f i n a l  des ign  r e s u l t e d  i n  an opera- 
t o r  compartment t h a t  was 59 i n  long, 39 
i n  wide, and 44  i n  high. The canopy top  
and s i d e  frames form a q u a r t e r  c i r c l e  
w i t h  25-in r a d i a l  support  arms pinned a t  
t h e  center .  The top  i s  r o t a t e d  ( f l i p p e d )  
from end t o  end (depending on t h e  



d i r e c t i o n  of tram) v i a  a  10,000 i n  l b  
1,600-psi r o t a r y  ' a c tua to r  ( f i g .  7). 

Numerous des ign  f e a t u r e s  combining t h e  
b e s t  i n  a v a i l a b l e  low-coal canopy tech-  
nology were inc luded  i n  t h e  c o n s t r u c t i o n  
of t h i s  o p e r a t o r  compartment. These fea-  
t u r e s  a r e  desc r ibed  below. 

1. The o p e r a t o r  compartment was de- 
s igned  t o  make optimum use  of t h e  a v a i l -  
a b l e  space. The compartment was made a s  
wide a s  p o s s i b l e  wi thout  i n t e r f e r i n g  w i t h  
v e h i c l e  opera t ion .  The peda l  a r e a  was 
r eces sed  under t h e  conveyor motor and 
f ende r  guards t o  i n c r e a s e  t h e  o p e r a t o r ' s  
l e g  room, u t i l i z i n g  previously unused 
space. F i n a l l y ,  t h e  canopy con f igu ra t i on  
p rov ides  t h e  maximum p o s s i b l e  head room 
f o r  t h e  seam h e i g h t s  under cons ide ra t i on  
( f i g .  7). 

2. The tram deck was cons t ruc ted  t o  be 
s emi f loa t ing  wi th  a  hyd rau l i ca l l y  ad jus t -  
a b l e  bottom po in t  t o  t ake  f u l l  advantage 
of p r e v a i l i n g  e n t r y  h e i g h t s ,  provide max- 
imum compartment he igh t ,  and g ive  t h e  
ope ra to r  a  comfortable r i d e  ( f i g .  8). 

3. The ope ra to r ' s  p r o t e c t i o n  envelope 
i s  s t r a t e g i c a l l y  placed and screened-in 
w i th  expanded metal t o  provide v i s i b i l -  
i t y ,  prevent t h e  i n t r u s i o n  of ma te r i a l  
i n t o  t h e  ope ra to r  compartment, and pre- 
ven t  t h e  ope ra to r  from l ean ing  out  of t h e  
p r o t e c t i v e  envelope. 

4. A human f a c t o r s  approach was taken  
i n  t h e  des ign  and layout  of t h e  ope ra to r  
c o n t r o l s  t o  provide f o r  easy  ope ra t i on  of 
t h e  s h u t t l e  car .  Design g u i d e l i n e s  were 
based on t h e  fol lowing r ecen t  SAE 
(Socie ty  of Automotive Engineers)  
s tandards :  

1 I:, 

FIGURE 8.-Flip-top compartment in raised position. 



a  SAE 51314 - Human Fac to r s  Design 
Guidel ines  f o r  Mobile Underground 
Mining Equipment 

b  SAE J833a - U.S.A. Male and Fe- 
male Phys i ca l  Dimensions f o r  Con- 
t r u c t i o n  and I n d u s t r i a l  Equipment 

c  SAE J898a - Control  Locat ions f o r  
Cons t ruc t ion  and I n d u s t r i a l  
Equipment 

The most no t ab l e  of t h e  c o n t r o l  i m -  
provements was t h e  implementation of 
p o s i t i v e - d i r e c t i o n  j o y s t i c k  s t ee r ing .  
S t e e r i n g  is  accomplished through t h e  u se  
of a  s tandard  four-way va lve  f i t t e d  w i t h  
a  ha l f -me te r ing  spool  t o  provide more 
p r e c i s e  s t e e r i n g  cont ro l .  Pos i t i ve -  
d i r e c t i o n  s t e e r i n g  avoids  ope ra to r  con- 
f u s i o n  when changing from one t r a m d n g  
d i r e c t i o n  t o  t h e  other .  The s e l e c t e d  
hardware a l s o  r e q u i r e s  l e s s  space  t h a n  
convent iona l  o r b i t a l  s t e e r i n g  va lves  and 
provides  a d d i t i o n a l  ope ra to r  room, which 
i s  a t  a  premium i n  low c o a l  veh i c l e s .  

Another improvement i n  t h e  s h u t t l e  c a r  
c o n t r o l  system was t h e  u s e  of a  new, 
sequence-valve-controlled au tomat ic  park- 
i n g  brake  system. This  parking brake 
provides  improved brake c o n t r o l  through 
t h e  u se  of a  pulse-sequence va lve  t h a t  
au toma t i ca l l y  re-energizes  t h e  park ing  
brake whenever t h e  p re s su re  bleeds o f f  
below a  predetermined th re sho ld  value. 

A l l  of t h e  s h u t t l e  c a r  con t ro l s  a r e  
s t r a t e g i c a l l y  placed wi th in  t h e  opera- 
t o r ' s  reach  envelope. Ac t iva t ion  of t h e  
f o o t  c o n t r o l s  is c o n s i s t e n t  s o  t h a t  con- 
f u s i o n  i s  avoided when changing tram d i -  
r e c t i o n  ( r i g h t  f o o t  always ope ra t e s  tram 
peda l  and l e f t  f o o t  always ope ra t e s  
brake).  Addi t iona l  f e a t u r e s  of t h e  f l i p -  
top-canopy des ign  a r e  a s  fol lows:  

FIGURE 9.-Sllng seat. 

5.  The ope ra to r  compartment u t i l i z e s  a  
f u l l y  a d j u s t a b l e ,  s l ing- type  s e a t  ( f ig .  
9)  t h a t  i s  f l i p p e d  and moved from one 
s i d e  of t h e  compartment t o  t h e  o t h e r  when 
changing t ram d i r ec t i on .  Th i s  provides  
increased  ope ra to r  comfort and improved 
access  t o  t h e  c o n t r o l  pedals.  The s e a t  
may be moved forward o r  backward by re- 
l e a s i n g  t h e  lock ing  p in ;  i t  may be r a i s e d  
o r  lowered by t i g h t e n i n g  o r  loosening t h e  
s l i n g .  

6. The canopy is  a  unique f l i p - t o p  de- 
s i g n  t h a t  provides  p r o t e c t i o n  from pinch- 
i n g  and/or  squeezing a c c i d e n t s  and some 
roof f a l l  p r o t e c t i o n  while  l eav ing  t h e  
ope ra to r ' s  f i e l d  of v i s i o n  completely 
unobstructed;  i t  is f l i p p e d  90' t o  t h e  
o t h e r  s i d e  of t h e  compartment by a  r o t a r y  
a c t u a t o r  t o  provide p r o t e c t i o n  when tram- 
ming i n  t h e  oppos i te  d i r e c t i o n .  The 



f l i p - t o p  a c t u a t o r  c o n t r o l  i s  p laced  i n  a  
p r o t e c t i v e  box o u t s i d e  of t h e  o p e r a t o r  
compartment t o  p r e v e n t  a c c i d e n t a l  a c t i v a -  
t i o n .  of t h e  canopy w i t h  t h e  o p e r a t o r  
i n s i d e  t h e  cab. and y e t .  i s  conven ien t ly  
l o c a t e d  f o r  e a s y  a c c e s s  . The f l i p - t o p  
canopy i s  a  q u a r t e r - c i r c u l a r  d e s i g n  w i t h  
a  25-in r a d i u s .  c o n s t r u c t e d  of 2.5-in-OD, 
h i g h - s t r e n g t h  s t r u c t u r a l  s t e e l  t u b i n g  and 
covered w i t h  0.75-in s t e e l  p l a t e  . The 

canopy u n i t  i s  suppor ted  and r o t a t e d  by a  
1.5-in 90-kip/ in2 t o o l - s t e e l  s h a f t  . 

7  . A l l  c o n t r o l  improvements a r e  e a s i l y  
i n t e g r a t e d  i n t o  t h e  s t o c k  h y d r a u l i c  sys-  
tem w i t h  some system m o d i f i c a t i o n s  ( f i g  . 
10) . A l l  added c o n t r o l s  a r e  of flow- 
through c e n t e r  c o n s t r u c t i o n  and p laced  i n  
s e r i e s  w i t h  t h e  e x i s t i n g  c o n t r o l s  . Spec- 
i f i c a t i o n s  f o r  t h e  f l i p - t o p  canopy and 
s h u t t l e  c a r  a r e  g i v e n  i n  t a b l e  3  . 

TABLE 3  . . S p e c i f i c a t i o n s  f o r  s h u t t l e  c a r  and t h e  f l i p - t o p  
canopy o p e r a t o r  compartment 

S h u t t l e  c a r :  
Uni t  weight  ...................................... lb . .  22. 000 
O v e r a l l  l e n g t h  ................................... f t . .  24 
Frame h e i g h t  .................................. . . . in..  35 
Working h e i g h t  ................................... in . .  48 
Width ............................................ in . .  107 
Conveyor wid th  ................................... in . .  55 
Conveyor speed ............................... f t / m n  .. 64 
Capac i ty  (wa te r   level)........................^^ f t  .. 160 
Tram speed ...................................... mph.. 4.2 
T i r e  s i z e  ............................................ 10 by 15 
Ground c l e a r a n c e  ................................ . in. .  7.5 
Wheel b a s e  ..................................... . . f t . .  8-1 /6 
Boom e x t e n s i o n  ................................. . . in. .  41 
Turning r a d i u s :  

I n s i d e  .................................. .......f t o  9-1/12 
Outs ide  ................................. . . . . . . .ft . .  21-5/12 

Motors. 250-V dc: 
T r a c t i o n  ( 2 )  ................................... hp .. 15 
Conveyor .................................... ...hp.. 15 

F l ip - top  canopy o p e r a t o r  compartment: 
Height  .......................................... . in. .  44 
Width...................... ........  in^^ 39 
Length  in^^ in.. 59 ................................ Canopy coverage i n  25 by 34 
F l ip - top  f l i p  speed ............................. sec. .  3.5 
S e a t  w i d t h  ....................................... in . .  20 
F l o a t i n g  bot tom p o i n t  ............................ in . .  0-10 
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FIGURE 10.-Schematic of modified hydraulic system. 
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TESTING 

Park brake 

A l l  of t h e  canopy concepts  were v e r i -  
f i e d  t o  i n s u r e  t h a t  t hey  were i n  com- 
p l i a n c e  w i t h  t h e  MSHA requirements  s e t  
f o r t h  i n  30 CFR 75.1710, which re -  
q u i r e s  canopies  t o  wi ths tand  a  v e r t i c a l  
l oad  of 18,000 l b ,  o r  15 p s i  d i s t r i b u t e d  
ove r  t h e  p l a n  view a r e a  of t h e  canopy. 
The r o l l  b a r  and t h e  s l i d i n g  canopy were 
v e r i f i e d  mathemat ical ly  u t i l i z i n g  com- 
p u t e r  so f twa re  packages. The r o l l  b a r  
was analyzed u s ing  S t r u c t u r a l  Sof tware  
System's FATPAK. The s l i d i n g  canopy was 
analyzed u s ing  t h e  U n i v e r s i t y  of 

Ca l i fo rn ia -Berk ley ' s  SAP I V  program. Due 
t o  i t s  s t r u c t u r a l  complexi ty ,  t h e  f l i p -  
t o p  canopy was p h y s i c a l l y  t e s t e d  u s ing  
e s t a b l i s h e d  MSHA g u i d e l i n e s  ( 7 ) .  

The t h r e e  new canopy c o n c e p ~ s ,  a s  w e l l  
a s  t h e  OEM canopies  and t ram deck w i th  no 
canopy, were a l s o  t e s t e d  u s i n g  t h e  
Bureau-developed Human Eye Reference 
Measurement Ins t rument  (HERMI) (6) .  Th i s  
t e s t i n g  e s t a b l i s h e d  a  q u a n t i t a t i v e  mea- 
surement of o p e r a t o r  v i s i b i l i t y  f o r  each  
of t h e  canopy types .  



The HERMI ( f i g .  11) is  an instrument  
t h a t  i d e n t i f i e s  t h e  eye p o s i t i o n s  of t h e  
5 t h  p e r c e n t i l e  female and 95th p e r c e n t i l e  
male performing reasonable  neck and t runk  
f lex ion .  The HERMI is  placed i n  t h e  
ope ra to r  cab, s i m l a t i n g  t h e  p o s i t i o n  of 
t h e  ope ra to r ' s  eyes  i n  a  s t ra igh t -ahead  
p o s i t i o n ,  a t  maximum comfortable neck 
f l e x i o n ,  and a t  maximum comfortable t runk  
f l ex ion .  

V i s i b i l i t y  measurements were taken  
u s i n g  prev ious ly  e s t a b l i s h e d  v i s u a l  a t -  
t e n t i o n  l o c a t i o n s  (&) ( f i g .  12), which 
i n d i c a t e  p o i n t s  t h e  ope ra to r  must see i n  
o r d e r  t o  s a f e l y  ope ra t e  t h e  equipment. 
These v i s u a l  a t t e n t i o n  l o c a t i o n s  were de- 
termined by in t e rv i ews  wi th  ope ra to r s  and 
equipment manufacturers and then  ranked 
by p r i o r i t y .  Vision t o  each a t t e n t i o n  
po in t  was e s t a b l i s h e d  by t ak ing  a  photo- 
graph of t h e  HERMI i n  t h e  ope ra to r ' s  cab 
w i t h  t h e  camera placed a t  each of t h e  
v i s u a l  a t t e n t i o n  loca t ions .  Examination 
of t h e  photographs allowed d i r e c t  de t e r -  
minat ion of whether t h e  5 th  o r  9 th  per- 
c e n t i l e  ope ra to r  could s e e  t h a t  l oca t ion ,  
and whether t h e  ope ra to r  would have t o  
f l e x  h i s  o r  h e r  neck and/or  trunk. 

Using t h i s  method, it is poss ib l e  t o  
develop a  s co r ing  system by which a  v i s -  
i b i l i t y  s co re  f o r  a  p a r t i c u l a r  machine 
can be computed. F i r s t ,  a  weight ing sys-  
t e m  i s  developed t o  i n d i c a t e  t h e  p r i o r i t y  
of each of t h e  v i s u a l  a t t e n t i o n  l o c a t i o n s  
( t a b l e  4 ) ,  where 3 = most s i g n i f i c a n t ,  
2 = s i g n i f i c a n t ,  and 1 = l e a s t  s i g n i f i -  
cant .  Next, a  weight ing system is  ap- 
p l i e d  t o  t h e  HERMI ( f i g .  1 1  where 
3 = l o c a t i o n  can be s een  without  f l e x i o n ,  
2 = l o c a t i o n  can be s een  wi th  neck f l ex -  
i o n ,  1 = l o c a t i o n  can be s een  wi th  neck 
and t runk  f l e x i o n ,  and 0 = l o c a t i o n  can- 
n o t  be seen. 

The v i s i b i l i t y  s c o r e  can be computed a s  
fol lows:  

U B Neck flexin, w&ht 2 \ 

C Neck and torso f kxion, '-\ 
we~ght I 

FIGURE 11.-Human eye reference measurement instrument 
(HERMI). 

Widest machine point Machine center line 

Operator center line Widest machine point 

Rib I Rib 
20-ftentry I I 20-ft entry 
- !  I I  I I ,- 

stopping- I 
distance, i 3 ,  1 I 
20ft 35,36 33,3431 28,29 26,27 2 4 2 4 , 2 5  

Front edge 

Rear edge I ---------I ------ 
Note: 

Numbers shown are used 
for reference in table 4. 

0 10 - 
Scale. f t  

FIGURE 12.-Visual attention locations for shuttle car. 



TABLE 4  . . V i s u a l  a t t e n t i o n  l o c a t i o n s  p r i o r i t y  s c o r e s  f o r  s h u t t l e  c a r  

p o i n t  1 Up-down l o c a t i o n  I p r i o r i t y 2  11 P o i n t  1 Up-down l o c a t i o n  

~ i ~ h e s t  machine p o i n t  .. .... Opera to r  eye  h e i g h t  
Highest  machine p o i n t  .. 

No . 1 

1 .... 

.... Operator  eye  h e i g h t  
F l o o r  .................. 
Highes t  machine p o i n t  .. 
F l o o r  .................. 
Median machine h e i g h t  .. .... Operator  eye h e i g h t  
Highes t  machine p o i n t  .. ... Median machine p o i n t  .... Operator  eye h e i g h t  
Highest  machine p o i n t  .. ............ Seam h e i g h t  
F l o o r  .................. 
Median machine h e i g h t  .. 
Highes t  machine p o i n t  .. 
F l o o r  .................. 
Median machine h e i g h t  .. 
Operator  eye h e i g h t  .... 
Highes t  machine p o i n t  .. 
F l o o r  .................. 

Operator  eye h e i g h t  .... 

where V = V i s i b i l i t y  s c o r e .  

2  

24 ... 
25 ... 
26 ... 
27 ... 

P = P r i o r i t y  weight  f o r  v i s u a l  
a t t e n t i o n  l o c a t i o n s .  

U = 95th p e r c e n t i l e  (upper  a r c )  
p o i n t s .  

No . ' 
28 ... 

' s e e  f i g u r e  12 . 
2 3  - most s i g n i f i c a n t .  2  - s i g n i f i c a n t .  1  - l e a s t  

.... Operator  e y e  h e i g h t  .. Highest  machine p o i n t  
F l o o r  .................. .. Highes t  machine p o i n t  

and L = 5 t h  p e r c e n t i l e  ( lower  a r c )  
p o i n t s .  

Median machine h e i g h t  .. 
Seam h e i g h t  ............ 
F l o o r  .................. 
Seam h e i g h t  ............ 

3  
3  
3  
3  

F l o o r  .................. 
Median machine h e i g h t  .. 
Highest  machine p o i n t  .. 
F l o o r  .................. 
Highest  machine p o i n t  .. 
F l o o r  .................. 
Operator  eye h e i g h t  .... 
Highest  machine p a i n t  .. 
Floor  .................. 

51 ... 
52 
53 ... 
54 ... 

.... Operator  eye h e i g h t  
Highes t  machine p o i n t  .. 
Median machine h e i g h t  .. 
Highest  machine p o i n t  .. 
F l o o r  .................. 
Median machine h e i g h t  .. .... Operator  eye h e i g h t  
Highest  machine p o i n t  .. 
F l o o r  .................. 
Operator  eye h e i g h t  .... 
Highest  machine p o i n t  .. 
F l o o r  .................. 
Highes t  machine p o i n t  .. 

s i g n i f i c a n t  . 
q u a l i t a t i v e l y  e v a l u a t e d  a t  t h e  Bureau 's  
mining equipment t e s t  f a c i l i t y  (METF) i n  
o r d e r  t o  o b t a i n  o p e r a t o r s '  r e a c t i o n s  t o  
t h e  new concepts  . A p a r t  of t h e  METF 
f e a t u r e s  s i m u l a t e d  mine workings.  com- 
p l e t e  w i t h  a n  a d j u s t a b l e  roof h e i g h t  . 
S e v e r a l  s h u t t l e  c a r  o p e r a t o r s  were asked  
t o  maneuver t h e  s h u t t l e  c a r s  equipped 
w i t h  t h e  l imi ted-coverage canopies  
through t h e  e n t r i e s  and t o  g i v e  t h e i r  re-  
a c t i o n s  t o  each  of t h e  t h r e e  concep t s  . 

Once t h e  i n i t i a l  t e s t i n g  was completed. 
t h e  l i m i  ted-coverage compartments were 



SUMMARY OF TEST RESULTS 

A l l  t h r e e  of t h e  compartment d e s i g n s  1.834 kips 
e a s i l y  met MSHA load-capac i ty  r e q u i r e -  2 6 "--I 
ments. The r o l l - b a r  canopy was eva lu -  8.655kips6r 8.655 kips 

16.22 kips/in 
a t e d  u s i n g  a  moment d i s t r i b u t i o n  t ech-  

?%l.46 kipsAn 
1.834 kips 

n i q u e  w i t h  a p p l i e d  l o a d s  of 18,000 l b  
v e r t i c a l  and 4,000 l b  h o r i z o n t a l  ( f i g .  
13) .  Ana lys i s  i n d i c a t e d  t h a t  t h e  canopy 
was w e l l  below y i e l d  a t  t h e s e  l o a d i n g s  
( f i g s .  14-1 5). The s l i d i n g  canopy ana ly -  
s i s  was a  somewhat more complex p l a t e  and 
s h e l l  canopy t h a t  r e q u i r e d  a  f i n i t e -  
e lement  a n a l y s i s  ( f i g .  16).  Th i s  canopy 
was s u b j e c t e d  t o  t h e  same 18,000 l b  ver-  
t i c a l  and 4,000 l b  h o r i z o n t a l  l o a d i n g s ,  
and i t  a l s o  never  exceeded i t s  e l a s t i c  
limit a t  t h e s e  load ings .  

Loads 

K E Y  
V- Shear 
M -Moment " ' 1 7  Fa-Allowable axial load 

-1.834 kip Fb-Allowable bending load 
fa - Axial load 
f b -Bending load 

FIGURE 14.-Structural analysis of roll-bar member 1. 

-3 5.834 kips 

tt32'4 4276klps/in 31.46 kips/in 
8.655 kips 9.361 kips 

Material: 3 - in P schedule 80 pipe; 
A =3.02in2 
I =3.89in4 
s = 2. 23in3 -9.361 kip 

15.38" 16.62" 
K E Y  

FIGURE 13.-Roll-bar loadings. FIGURE 15.-Structural analysis of roll-bar member 2. 

35.06 kips/in V -  Shear 
Global M-  Moment 

Y Fa- Allowable axial load 
Fb-Al lowable 

2 T (0.26) ( 32.26) fa- Axial load 
fy-Bending load 

MEM  GEM^ 

Coordinates 

/m4 -31.46 kip/in 
(32.20) 

-42.76 klp/in 

2 fa=  5'834 1,931 kips/in ' fb=422y37$"n = 19.17 kips/in 2 

MEM I 3.02 in F a  = 20.16 kips/in I at Fy 3 6  kips/in 
F b =  2 4  kips/in 

Im ( 0 . 0 ) ~  1.931 19.17 

Global X 20.16 + 24 =0.095+0.79 =0.88 1 I 
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FIGURE 16.-Finiteelement grid used for analysls of slldlng canopy. 



Due t o  t h e  complexity of t h e  f l i p - t o p  
canopy, it was decided t o  perform physi-  
c a l  t e s t i n g  r a t h e r  t han  mathematical  
a n a l y s i s .  The s t anda rd  MSHA procedure  
(5) was used;  t h e  canopy was loaded t o  
11,745 l b  d i s t r i b u t e d  over  t h e  middle 
t h i r d  of t h e  canopy (15 p s i  d i s t r i b u t e d  
over  t h e  p l a n  view a r e a ) ,  and d e f l e c t i o n s  
were recorded u s ing  a  d i a l  gauge i n d i -  
c a t o r .  A t o t a l  of 10 p c t  r e s i d u a l  de- 
f l e c t i o n  i n  t h e  canopy is permi t ted  a f t e r  
t h e  l oad  i s  removed. The f l i p - t o p  canopy 
showed 0.163 i n  d e f l e c t i o n  a t  f u l l  load  
w i th  0  i n  r e s i d u a l  d e f l e c t i o n ,  i n d i c a t i n g  
i t  is w e l l  w i t h i n  t h e  s t r u c t u r a l  i n t eg -  
r i t y  l i m i t s  set by MSHA. 

Limited-coverage de s igns  improved v i s -  
i b i l i t y  and o p e r a t o r  comfort through com- 
par tment  mod i f i c a t i on ,  improved s e a t i n g ,  
and implementation of an  a l t e r n a t i v e  
means of o p e r a t o r  p r o t e c t i o n  i n  low coa l  
where convent iona l  fu l l -coverage  canopies  
a r e  u s u a l l y  removed o r  no t  implemented. 
Operator  v i s i b i l i t y  was q u a n t i t a t i v e l y  
measured u s ing  t h e  Bureau-developed 
(HERMI. ) 

V i s i b i l i t y  measurements were t aken  a t  
54 p r ev ious ly  e s t a b l i s h e d  p o i n t s  where 
o p e r a t o r s  must have adequate  v i s i b i l i t y  
f o r  s a f e  o p e r a t i o n  of t h e i r  equipment. 
These read ings  were added t o g e t h e r  t o  
produce v i s u a l  a t t e n t i o n  l o c a t i o n  s c o r e s  
( t a b l e s  5 ) .  

The de s igns  were eva lua t ed  on t h e  b a s i s  
of  898 p o s s i b l e  p o i n t s ,  which r e p r e s e n t s  
t h e  i d e a l  v i s i b i l i t y  score .  A s  expected,  
t h e  compartment w i t h  no canopy ranked 
h i g h e s t ,  w i t h  700 p o i n t s ,  o r  78 p c t  of 
t h e  i d e a l  score .  Th is  c o n f i g u r a t i o n  is  
probably t h e  most commonly used i n  low- 
c o a l  mines,  bu t  cou ld  hard ly  be recom- 
mended s i n c e  i t  prov ides  t h e  o p e r a t o r  
w i t h  no p ro t ec t i on .  

TABLE 5. - Visua l  a t t e n t i o n  l o c a t i o n  
s c o r e  

The flip-top-canopy ope ra to r  compart- 
ment t i e d  f o r  second, w i th  665 p o i n t s ,  o r  
74 p c t  of t h e  i d e a l  score .  Th is  conf ig-  
u r a t i o n  i s  t h e  most comprehensive 
opera to r -or ien ted  compartment, p rov id ing  
good v i s i b i l i t y ,  good p inch ing  and/or  
squeezing p ro t ec t i on ,  and some roof f a l l  
p ro t ec t i on .  S ince  i t  is  a  cab-and-canopy 
compartment concept ,  i t s  complexity pre- 
c ludes  i n l n i n e  i n s t a l l a t i o n ,  and i t  would 
b e s t  be  i n s t a l l e d  by t h e  manufacturer  o r  
i n  a  r e b u i l d  shop. Of a l l  t h e  concepts  
considered,  t h e  fl ip-top-canopy des ign  
should a f f o r d  t h e  g r e a t e s t  improvement i n  
s a f e t y  because of t h e  o v e r a l l  improvement 
i n  t h e  o p e r a t o r ' s  environment. 

The s l i d i n g  canopy t i e d  f o r  second w i t h  
665 p o i n t s ,  o r  74 p c t  of t h e  i d e a l  score .  
Th is  con f igu ra t i on  prov ides  reasonably 
good v i s i b i l i t y ,  good p inch ing  and/or  
squeezing p r o t e c t i o n ,  and some roof f a l l  
p ro t ec t i on .  Ove ra l l ,  i t  i s  a  good l i m i -  
ted-coverage de s ign  f o r  in -mine  i n s t a l l a -  
t i o n s  and prov ides  an  immediate s o l u t i o n  
t o  t h e  problem of ope ra to r  p ro t ec t i on .  
The s l i d i n g  canopy is l i m i t e d  by t h e  
machine frame he igh t  and OEM compartment 
des ign ;  some compartment mod i f i c a t i on  i s  
required.  Add i t i ona l l y ,  i t  is  s l i g h t l y  
more complex t han  t h e  ro l l - ba r  des ign ,  
t hus  r e q u i r i n g  more maintenance. 

The ro l l - ba r  con£ i g u r a t i o n  ranked 
t h i r d ,  w i th  615 p o i n t s ,  o r  68 p c t  of t h e  
i d e a l  score .  Th is  was s t i l l  a  respec-  
t a b l e  r a t i n g .  The lower r a t i n g  i s  due t o  
t h e  n e c e s s i t y  of p l a c i n g  one r o l l  ba r  i n  
f r o n t  of t h e  o p e r a t o r ' s  f i e l d  of v i s i on .  
The main advantage of t h i s  system i s  t h a t  
it i s  q u i t e  simple.  It prov ides  good 
p r o t e c t i o n  from p inch ing  and /or  squeez ing  
a c c i d e n t s  and can be adapted t o  a lmost  
any machine underground between s h i f t s .  

The lowest  rank ing  con f igu ra t i ons  were 
t h e  OEM fu l l -coverage  canopies ,  w i th  531 
p o i n t s  o r  59 p c t  of i d e a l ,  and, 543 
p o i n t s  o r  60 p c t  of i dea l .  These conf ig-  
u r a t i o n s  do prov ide  good overhead roof 
f a l l  p r o t e c t i o n ,  but  t h e i r  l i m i t e d  v i s i -  
b i l i t y  may encourage ope ra to r s  t o  l e a n  
o u t  of t h e  canopy, making t h e  o p e r a t o r s  
vu lne r ab l e  t o  p inch ing  and/or  squeez ing  
acc iden t s .  Th is  i s  t h e  reason  why va r i -  
ances  a r e  gene ra l l y  g ran ted  by MSHA t o  
permit  t h e  removal of canopies .  

Score  p c t  
of i d e a l  

78 
74 
74 
68 
60 
59 

No canopy.. . . . . 
Fl ip - top  canopy 
S l i d i n g  canopy. 
R o l l  bar.. . . . . . 
FMC OEM canopy. 
NMS OEM canopy. 

P o i n t s  
(898 = i d e a l )  

700 
665 
665 
615 
543 
53 1 



I n  t h e  q u a l i t a t i v e  e v a l u a t i o n  a t  t h e  v i s i b i l i t y  a f f o r d e d  by t h e  new d e s i g n s  
Bureau 's  t e s t  f a c i l i t i e s ,  a t  l e a s t  t h r e e  and e s p e c i a l l y  l i k e d  t h e  comfort  of t h e  
o p e r a t o r s  were asked  t o  maneuver s h u t t l e  padded s e a t s  a s  opposed t o  t h e  s t a n d a r d  
c a r s  equipped w i t h  e a c h  of t h e  l i m i t e d -  s t e e l  p l a t e  commonly used f o r  s h u t t l e  c a r  
coverage canop ies  th rough  t h e  mine en- s e a t i n g .  The Bureau p l a n s  t o  conduct an  
t r i e s .  The s h u t t l e  c a r  o p e r a t o r s  were e x t e n s i v e  i n - m i n e  e v a l u a t i o n  of t h e  f l i p -  
q u i t e  s a t i s f i e d  w i t h  t h e  improvements i n  top-canopy d e s i g n  w i t h  a mine o p e r a t o r .  

CONCLUSIONS 

Limited-coverage canop ies  can p r o v i d e  6. Opera to r  e x i t s  have minimal ob- 
p a r t i a l  o p e r a t o r  p r o t e c t i o n  f o r  miners  s t r u c t i o n s ,  a f f o r d i n g  qu ick  e x i t  i f  
working i n  s i t u a t i o n s  where c o n v e n t i o n a l  necessa ry .  
f u l l - c o v e r a g e  canop ies  cannot  be em- 
ployed.  The b a s i c  advan tages  of t h e s e  
sys tems a r e  a s  f o l l o w s :  

1. P r o t e c t i o n  f rom t h e  most f r e q u e n t  
t y p e  of s h u t t l e  c a r  o p e r a t o r  i n j u r i e s  
( t h o s e  caused by p i n c h i n g  a n d / o r  squeez-  
i n g  a c c i d e n t s ) ,  which accoun t  f o r  87 p c t  
i f  a l l  low-coal s h u t t l e  c a r  a c c i d e n t s .  

2. G r e a t e r  v i s i b i l i t y ,  roof  and work- 
i n g  a r e a s ,  compared t o  f u l l - c o v e r a g e  
c a n o p i e s ,  r e s u l t i n g  i n  s a f e r  o p e r a t i o n .  

3. Canopies a r e  des igned  t o  w i t h s t a n d  
l a t e r a l  l o a d s  and p r o v i d e  a s a f e r  " s h e l l "  
f o r  t h e  o p e r a t o r .  

4. For  t h e  r o l l - b a r  and s l i d i n g  canop- 
i e s ,  i n s t a l l a t i o n  can  be performed 
underground. 

5. The d e s i g n s  a r e  s imple  and adap- 
t a b l e  t o  a v a r i e t y  of equipment. 

7. Opera to r  comfort  i s  i n c r e a s e d ,  
t h e r e b y  reduc ing  f a t i g u e .  

8. The o v e r a l l  improvement i n  o p e r a t o r  
s p a c e  and human f a c t o r s - e n g i n e e r e d  on a 
human-factors b a s i s  eng inee red  c o n t r o l  
l a y o u t s  p r o v i d e s  a n  improved psychologi-  
c a l  environment f o r  o p e r a t o r s  and t h e r e -  
f o r e  promotes s a f e r  working c o n d i t i o n s .  

It i s  recommended t h a t  t h e  d e s i g n s  de- 
veloped d u r i n g  t h e  c o u r s e  of t h i s  p r o j e c t  
be used  on s h u t t l e  c a r s  such a s  t h o s e  
d e s c r i b e d  and on s h u t t l e  c a r s  w i t h  lower 
frames.  These d e s i g n s  could  a l s o  be 
adap ted  t o  o t h e r  t y p e s  of high-speed mob- 
i l e  f a c e  equipment,  such  a s  scoops  and 
t r a c t o r s ,  t o  p r o v i d e  canopy technology 
t h a t  would improve t h e  s a f e t y  and e f f i -  
c i e n c y  of mine equipment o p e r a t o r s .  
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APPENDIX.--SYMBOLS USED IN THIS REPORT 

area 

depth 

a x i a l  s t r e s s  

bending s t r e s s  

allowable a x i a l  s t r e s s  

allowable bending s t r e s s  

moment of i n e r t i a  

outside dimension 

radius 

s ec t ion  modulus 

thickness 
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