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F i g u r e  1  - B e l l  L o g g e r  e x t r a c t i n g  tree l e n g t h  l o g s  

INTRODUCTION 
T h e  Bell Logger has  proven t o  b e  a n  e x t r e m e l y  versa t i le  logging machine,  capab le  of 
bunching, ex t rac t ing ,  sort ing,  and  loading. When used as a n  ex t r ac t ion  machine,  t h e  
Bell has  severa l  l imitat ions,  including; t h e  smal l  load s i ze  l imi ted  by t h e  grapple  
capac i ty ,  t h e  necessi ty t o  t r a v e l  backwards  when loaded, and t h e  machine ' s  inabil i ty 
t o  o p e r a t e  e f fec t ive ly  on s t e e p  slopes. As wi th  any  grapple  machine,  t h e  Bell canno t  
d rop  and winch in i t s  load t o  g e t  a round obstacles.  

This  R e p o r t  descr ibes  a s tudy designed t o  d e t e r m i n e  t h e  machine ' s  potent ia l  productivi ty 
and  c o s t  when e x t r a c t i n g  in thinnings. 
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THE TRIAL 
T h e  s t u d y  w a s  c a r r i e d  o u t  in a 12  y e a r  old  r a d i a t a  pine s t a n d  on f l a t  t e r r a i n .  T h e  s t a n d  
w a s  be ing  th inned  f r o m  1300  s p h  d o w n  t o  3 5 0  sph. T h e  s i t e  had  b e e n  V-bladed a n d  t r e e s  
w e r e  p l a n t e d  on e i t h e r  s i d e  of t h e  mound  f o r m e d .  T h e  Be l l ' s  e x t r a c t i o n  p a t h  w a s  a l o n g  
t h e  t o p  of a mound. 

A 330 m e t r e  s t r i p ,  c o n t a i n i n g  t w o  r o w s  of s e l e c t e d  a n d  m a r k e d  t r e e s ,  w a s  f e l l e d  a w a y  
f r o m  t h e  sk ids  f o r  b u t t  pull  e x t r a c t i o n .  A f t e r  f e l l i n g  a n d  de l imbing ,  e a c h  t r e e  w a s  
n u m b e r e d  f o r  l a t e r  i d e n t i f i c a t i o n ,  m e a s u r e d  f o r  vo lume,  a n d  i t s  d i s t a n c e  f r o m  t h e  skid 
r e c o r d e d .  A f ixed-boom Bel l  L o g g e r  (Ser ies  2 0  g r a p p l e )  t h e n  t r a v e l l e d  i n t o  t h e  bush, 
a s s e m b l e d  a load of 1 t o  6 t r e e s ,  a n d  e x t r a c t e d  a n d  f l e e t e d  t h e  t r e e  l e n g t h  logs  on 
t h e  skids. Work s t u d y  w a s  c o n d u c t e d  t o  r e c o r d  t h e  t i m e  p e r  e l e m e n t ,  t h e  d i s t a n c e  
t r a v e l l e d ,  a n d  t h e  t r e e s  e x t r a c t e d  f o r  e a c h  cyc le .  

RESULTS 
T h e r e  w e r e  160  m e r c h a n t a b l e  t r e e s  in t h e  3 3 0  m e t r e  s t r i p ,  w i t h  a n  a v e r a g e  log s i z e  
of .23 tonne .  T h e  t r e e s  w e r e  e x t r a c t e d  o v e r  4.35 p r o d u c t i v e  m a c h i n e  h o u r s  (PMH),  
c o m p r i s i n g  3 9  cyc les .  T h e  t o t a l  w e i g h t  of t h e  logs  e x t r a c t e d  w a s  3 7  t o n n e ,  which  
w a s  l a t e r  c o n f i r m e d  by w e i g h b r i d g e  f igures .  T h e  a v e r a g e  c y c l e  b r e a k d o w n  i s  shown 
be low : 

Table 1 - B e l l  Logger e x t r a c t i o n  c y c l e  breakdown 

T i m e  p e r  c y c l e  
( m i n )  

P e r c e n t  

T r a v e l  e m p t y  1.48 

C l e a r  s lash - 5 5  

A c q u i r e  load * 1.41 

T r a v e l  loaded  ** 2.57 

F l e e t  .46 

D e l a y  .22 

T o t a l  6.69 

R a n g e  (.93 - 13.77 min)  

9 5 %  c o n f i d e n c e  i n t e r v a l  (5.53 - 7.86 min)  

* A v e r a g e  n u m b e r  of t r e e s  w a s  4.1 (-95 t o n n e )  
** A v e r a g e  skidding d i s t a n c e  w a s  170  m e t r e s  

With a n  a v e r a g e  c y c l e  t i m e  of 6.69 min. a n d  a l o a d  s i z e  of .95 t o n n e ,  a v e r a g e  
p r o d u c t i v i t y  w a s  8.5 tonnelPAilH. T h e  e x p e c t e d  r a n g e  of a v e r a g e  p r o d u c t i v i t y  would 
b e  b e t w e e n  7 a n d  10 tonne/PAilH. U n d e r  t h e  c i r c u m s t a n c e s  in which  t h e  m a c h i n e  w a s  
s t u d i e d ,  t h e  p o t e n t i a l  p r o d u c t i v i t y  would  b e  5 5  t o n n e  (48-68 t o n n e )  f o r  a 6; P M H  , 

day .  



F u r t h e r  ana lys i s  of t h e  c y c l e  t i m e s  s h o w e d  s t r o n g  re la t ionsh ips  b e t w e e n  t r a v e l  t i m e  a n d  
d i s t a n c e ,  and  b e t w e e n  a c q u i r e  t i m e  a n d  v o l u m e  p e r  c y c l e .  A m u l t i p l e  regress ion  ana lys i s  
b e t w e e n  t o t a l  t i m e  p e r  c y c l e  v e r s u s  skid d i s t a n c e  and  load  s i z e ,  r e s u l t e d  in t h e  fol lowing 
e q u a t i o n  : 

ro ta]  tirne = - . 7 l  + .029 x ( s k i d  d is tance  i n  me t re s )  + 2 . 4 8  x (Load s i z e  i n  tonnes)  

where r 2  = . 8 4  (equat ion  expla ins  8 4 %  o f  the  r e l a t i o n s h i p )  

T h e  g r a p h  below shows  t h e  p o t e n t i a l  hourly  p roduc t iv i ty ,  u s i n s  t h e  p red ic t ion  e q u a t i o n  
o v e r  a r a n g e  of load s i z e s  a n d  skid d i s t a n c e .  

Figure 2 - Tonnes per productive machine hour over various 
skid d is tances  and load s i z e s  
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Unloaded  t r a v e l  s p e e d s  o n  t h e  skid t r a i l ,  d r iv ing  f o r w a r d ,  a v e r a g e d  7.4 k m l h o u r .  T r a v e l  
s p e e d s  loaded ,  d r iv ing  b a c k w a r d s ,  a v e r a g e d  4.5 k m l h o u r  w i t h  a  load  of 0.95 tonne .  T h e  
m a x i m u m  load e x t r a c t e d  w a s  1.57 t o n n e ,  m a d e  u p  of f i v e  t r e e s ,  7  - 14.5 m e t r e s  long. 

D u e  t o  b a c k w a r d s  t r a v e l  w h e n  loaded ,  o n e  would e x p e c t  a high occur r ' ence  of b a r k  
d a m a g e .  Of t h e  6 5  f i n a l  c r o p  t r e e s  in t h e  s t r i p ,  8 t r e e s  o r  12% w e r e  d a m a g e d  ( 5  a b o v e  
30  c m  f r o m  ground level).  All of t h e  d a m a g e d  t r e e s  o c c u r r e d  b e t w e e n  100 - 200 m 
a l o n g  t h e  t r a c k .  This  w a s  a t t r i b u t e d  t o  o p e r a t o r  f a t i g u e  f r o m  t u r n i n g  a r o u n d  t o  c h e c k  
t h e  m a c h i n e  d i r e c t i o n  a n d  losing o r i e n t a t i o n  in  t h e  m i d d l e  of a long haul .  O n  s h o r t  
hau l s  ( l ess  t h a n  100  m) ,  n o  t r e e s  w e r e  d a m a g e d  - which  cou ld  b e  a t t r i b u t e d  t o  t h e  
o p e r a t o r  be ing  f a m i l i a r  w i t h  t h e  c o r r e c t  p a t h  a s  a r e s u l t  of f r e q u e n t  p a s s e s  t h r o u g h  
t h e  a r e a .  



COSTS 
u s i n  t h e  LIRA Costing Handbook, t h e  e s t i m a t e d  c o s t  of a Bell Logger would b e  $125/day 
and ! 95/day f o r  t h e  opera tor .  Over  a 6.5 product ive  machine  hour day, c o s t  pe r  
productive hour would b e  $34. Using t h e  predic ted  productivi ty shown in t h e  graph,  
t h e  c o s t  per  m 3  t o  e x t r a c t  using a Bell over  various skidding d is tances  and  load s i zes  
i s  shown in Table  2. 

Table 2 - Estimated cost  o f  Bell extraction i n  $/tonne for various 
load s i z e s  and skid distances 

Load s i z e  
Skid Dis tance  (m) 

(tonnes) 50 100 150 200 250 300 

DISCUSSION 
T h e  resul ts  in t h i s  Repor t  r ep resen t  a one-day s tudy conducted  in a s tand  on f l a t  te r ra in ,  
using a n  exper ienced  opera tor .  Rolling t e r r a i n  would l imi t  mach ine  access and r educe  
productivi ty.  Even on f l a t  t e r r a in ,  t h e  mach ine  t ipped forward  under heavy load 
conditions. Although no t  t e s t ed ,  uphill pulling would r e s t r i c t  load sizes,  r educe  
productivi ty,  and  shor ten  economic  haul  distances.  With sma l l  o r  sho r t  t r ee s ,  t h e  
grapple  capac i ty  l imi ts  load size. F i t t i ng  t h e  l a rge r  Ser ies  3 3  grapple  would ove rcome  
th i s  problem. 

In th i s  s tudy,  t h e r e  was  no  i n t e r f e r e n c e  f r o m  fel l ing o r  skid operat ions.  Ex t r ac t ion  was  
ca r r i ed  o u t  on a single, s t r a i g h t  skid t rai l .  In a product ive  s i tuat ion,  i n t e r f e rence  wi th  
o t h e r  opera t ions  and  t h e  use of mul t ip le  skid t r a i l s  would r educe  expec ted  productivi ty.  

Driving t h e  machine  backwards  c a n  l ead  t o  neck  problems fo r  t h e  opera tor .  When 
ex t r ac t ion  pa ths  a r e  no t  s t r a igh t ,  t h e  problem would increase.  Long skid d i s t ances  
required r epea ted  turning around by t h e  ope ra to r  during ext rac t ion .  This problem would 
be  minimised wi th  skid d i s t ances  less  t h a n  150 m. The  addit ion of r e a r  view mirrors ,  
a l though highly vulnerable t o  damage ,  would help. 

CONCLUSIONS 
The  mach ine  was  ab le  t o  quickly a s semble  a payload and e x t r a c t  logs t o  t h e  landing. The  
a v e r a g e  productivi ty of 8.5 t o n n e  per  product ive  machine  hour (0.23 tonne/log) wi th  a n  
a v e r a g e  skidding d i s t ance  of 170 m was  high considering t h e  smal l  payload. I t s  quick 
c y c l e  t i m e  o f f se t s  t h e  low payload and resul t s  in high productivi ty.  However,  i t  i s  no t  
r ecommended  t h a t  t h e  Bell Logger b e  cons idered  as a pr imary  m e a n s  of e x t r a c t i n g  logs. 
I t  i s  m o r e  su i ted  as a suppor t  machine ,  t o  e x t r a c t  only p a r t  t i m e  and ove r  sho r t  dis tances.  

Ref.  1 Wells, G.C. "The Bell Logger", LIRA Machinery Evaluat ion,  Vol. 5 No. 3 1980 

Ref.  2 Wells, G.C. "Cost ing Handbook f o r  Logging Contractors",  LIRA, 1981 

The costs  stated i n  t h i s  Report have been derived using the procedure shown i n  
the LIRA Costing Handbook. They are only an indicat ive  estimate and do not 
necessarily represent the actual cos t s  for t h i s  operation. . 
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