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INTRODUCTION : 

1 Extrac t ion  u n i t  I  adi ill 009 1 Komatsu 080 

I n  e a r l y  1978 t h e  FRI H a r v e s t i n g  Research group c a r r i e d  o u t  a  p i l o t  
s t u d y  o f  two l o a d i n g  o p e r a t i o n s  i n  " o l d  c r o p "  r a d i a t a  p i n e  c l e a r -  
f e l l i n g s .  Both used r u b b e r - t y r e d  f r o n t - e n d  l o a d e r s  o f  s i m i l a r  power 
r a t i n g s  and c a r r y i n g  c a p a c i t i e s ,  o p e r a t e d  by s k i l l e d  d r i v e r s .  One 
l o a d e r  was p a r t  of a  h i g h l e a d - c a b l e  e x t r a c t i o n  sys tem,  and t h e  o t h e r  
was a  p a r t  of a  t r a c t o r  e x t r a c t i o n  sys tem.  * - 
1 Loader u n i t  I F i a t - A l l i s  645 B I Hough 65C 

Ext rac t ion  system 

1 Crop e x t r a c t e d  I "Old crop" r a d i a t a  pine (1934) 1 "Old crop" r a d i a t a  p ine  (1934)l 

T a b l e  1 - G e n e r a l  B a c k g r o u n d  

The p i l o t  s t u d y  aimed a t  i d e n t i f y i n g  t h e  work e l e m e n t s ,  t h e  work 
c y c l e s ,  and t h e  f a c t o r s  i n f l u e n c i n g  p r o d u c t i v i t y  of  t h e  l o a d e r s ,  f o r  
t h e  guidance o f  f u t u r e  r e s e a r c h  work. I t  was incomple te  i n  t h a t  t h e  
l o a d e r s  were observed o n l y  f o r  t h a t  p e r i o d  of t h e  day when t h e  whole 
e x t r a c t i o n  crew were o n - s i t e .  For  2 %  t o  3 hours  b e f o r e  t h e  r e s t  of  t h e  
crew a r r i v e d ,  b o t h  l o a d e r  o p e r a t o r s  were o n - s i t e  l o a d i n g  " e x p o r t "  
t r u c k s  w i t h  l o g s  f o r  t h e  p o r t  a t  M t .  Maunganui. 
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The b a s i c  work 
p a t t e r n s  of t h e  two 
l o a d e r s  were s i m i l a r .  
Incoming stems were 
dropped i n  a  
p r o c e s s i n g  a r e a  where 
they  were c u t  i n t o  
l o g s  o f  d i f f e r e n t  
l e n g t h s  and 
q u a l i t i e s  by t h e  
sk idworkers .  The 
l o a d e r s  then  
c o l l e c t e d  t h e  l o g s  
i n  t h e  p r o c e s s i n g  
a r e a ,  s o r t e d  them 
i n t o  groups of 
uniform l e n g t h  and 

Hough 6 5 C  - L o a d e r  u n i t  
f o r  t r a c t o r  o p e r a t i o n .  
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t y p e ,  and  heaped  them a b o u t  t h e  s k i d s i t e .  T rucks  a r r i v e d  a t  v a r y i n g  
i n t e r v a l s  d u r i n g  t h e  day and w e r e  l o a d e d  e i t h e r  f rom t h e  accumula t ed  
h e a p s  o r  d i r e c t l y  from t h e  p r o c e s s i n g  a r e a .  

The l o a d e r  u n i t s  t h e r e f o r e  had  two main f u n c t i o n s .  The f i r s t  was t o  
remove wood from t h e  p r o c e s s i n g  a r e a  where i t  would o t h e r w i s e  
i n t e r f e r e  w i t h  t h e  e x t r a c t i o n  p h a s e ,  and s t a c k  t h e  p r e p a r e d  l o g s  i n t o  
h e a p s  o f  v a r i o u s  l o g  t y p e s  ( i . e . ,  s o r t i n g  and s t a c k i n g ) .  The second  
f u n c t i o n  was t o  l o a d  t h e  t r u c k s  ( i . e . ,  l o a d i n g . )  Tab le  2 d e t a i l s  t h e  
t i m e  s p e n t  by t h e  two l o a d e r s  i n  v a r i o u s  a c t i v i t i e s  o v e r  t h e  days  t h e y  
w e r e  o b s e r v e d .  A l l  t i m e s  w e r e  measured bv s t o ~ w a t c h .  

I i A c t i v i t y  

I n  t h e  two o p e r a t i o n s  s t u d i e d ,  s o r t i n g  and s t a c k i n g  a c t i v i t i e s  
o c c u p i e d  comparable  amounts o f  t h e  r e c o r d e d  t i m e .  However, t h e  t i m e  
s p e n t  i n  l o a d i n g  t r u c k s  ( and a s s o c i a t e d  a c t i v i t i e s )  o c c u p i e d  a  g r e a t e r  
p r o p o r t i o n  o f  t h e  h a u l e r  l o a d e r ' s  t i m e  a s  more t r u c k s  were l o a d e d  
o v e r  t h e  o b s e r v e d  p e r i o d  i n  t h a t  o p e r a t i o n  ( a v e r a g e  6 . 8  t r u c k s  p e r  
day  i n  t h e  h a u l e r  o p e r a t i o n  compared t o  an a v e r a g e  4 . 7  t r u c k s  p e r  day 
i n  t h e  t r a c t o r  o p e r a t i o n ) .  

1 S o r t i n g  and s t a c k i n g  
/ ( and  a s s o c i a t e d  a c t i v i t i e s )  

Loading 
(and  a s s o c i a t e d  a c t i v i t i e s )  

I d l e  ( w a i t i n g  f o r  work) 

R e p a i r s ,  ma in tenance ,  and r e f u e l l i n g  

O p e r a t o r  r e s t  

TOTAL 
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I d l e  o r ' w a i t i n g  f o r  work '  t i m e  was a l s o  s i m i l a r  i n  b o t h  o p e r a t i o n s ;  
however i t  was accumula ted  d i f f e r e n t l y .  I n  t h e  h a u l e r  o p e r a t i o n ,  i d l e  
t i m e  o c c u r r e d a t  i r r e g u l a r  i n t e r v a l s ,  u s u a l l y  when problems a r o s e  
d u r i n g  e x t r a c t i o n .  I n  t h e  t r a c t o r  o p e r a t i o n ,  i d l e  t i m e  o c c u r r e d  a t  
r e g u l a r  i n t e r v a l s .  The l o a d e r  was a b l e  t o  s o r t  and s t a c k  e a c h  h a u l  
and a c c r u e  i d l e  t i m e  b e f o r e  t h e  n e x t  h a u l  a r r i v e d  on t h e  s k i d s i t e  because  
t h e  a v e r a g e  c y c l e  t i m e  o f  t h e  t r a c t o r  u n i t  w a s  l o n g e r  than t h a t  o f  
t h e  h a u l e r .  
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SORTING AND STACKING: 

I 
T r a c t o r  Loader 

D a i l y  Ave. -S 

Table 2 - Distribution of  the Loaders '  T.ime 

224.4 42 . O  

1 8 0 . 1  33.7 

9 4 . 3  17.7  

4 . 3  0 .8  

3 1 . 1  5 . 8  

534.2 100 
( 8 . 9  h r s )  

The l o a d e r  s e r v i c e s  t h e  e x t r a c t i o n  u n i t  and  i t s  per formance  i s  
a f f e c t e d  by s e v e r a l  v a r i a b l e s  which a l t e r  a c c o r d i n g  t o  t h e  t y p e  o f  
s y s t e m  u t i l i s e d .  These v a r i a b l e s  a r e  : 

188 .8  38.5 

84.9  17 .3  

122.5 25.0 

1 .6  0 . 3  

93 -0 18.9 

490.8 100 
( 8 . 2  h r s )  A 

1. The c y c l e  t ime o f  t h e  e x t r a c t i o n  u n i t .  T h i s  s e t s  t h e  l i m i t  f o r  t h e  p e r i o d  
o f  u n r e s t r i c t e d  a c c e s s  t h e  l o a d e r  h a s  t o  t h e  h a u l  d e p o s i t e d  i n  t h e  p r o c e s s i n g  
a r e a .  

2. The volume o f  wood a r r i v i n g  a t  t h e  l a n d i n g  w i t h  e a c h  h a u l .  T h i s  d e t e r m i n e s  
t h e  amount o f  wood t h e  l o a d e r  must move w i t h i n  t h e  p e r i o d  l i m i t e d  by t h e  
c y c l e  t ime of  t h e  e x t r a c t i o n .  

3. The number o f  d i f f e r e n t  l o g  t y p e s  i n t o  which t h e  h a u l  i s  c u t  and t h e  number 
o f  p i e c e s  i n  e a c h  ( t h i s  f a c t o r  i s  i m p o r t a n t  i f  one o r  two p a r t i c u l a r  s o r t s  
dominate t h e  c u t t i n g  p a t t e r n )  . 



These t h r e e  f a c t o r s  
i n t e r a c t  t o  de te rmine  
t h e  amount of  t ime 
a v a i l a b l e  f o r  t h e  
l o a d e r  t o  s o r t  and 
s t a c k  each h a u l  
a r r i v i n g  on t h e  
l a n d i n g  and,  t o  some 
e x t e n t ,  t h e  p a t t e r n  
of  c y c l e s  which must 
be under taken t o  
ach ieve  t b , . i s  
o b j e c t i v e .  A 
comparison of  t h e  
v a r i a b l e s  observed 
i n  t h e  two o p e r a t i o n s  
i s  o u t l i n e d  i n  T a b l e  3 
below. 

I Hauler I Trac to r  
Operation Operation 

T a b l e  3 - E x t r a c t i o n  u n i t  v a r i a b l e s  w h i c h  a f f e c t  the l o a d e r  

* e s t i m a t e d  

Average ex t rac t ion-cyc le  time (min) * 
Average haul-volume (m3) * 
No. d i f f e r e n t  l og  types c u t  

Percentage of p i eces  c u t  i n  t he  predominating 
log  type 

The s o r t i n g  and s t a c k i n g  phases  of.' t h e  two o p e r a t i o n s  a r e  t h e r e f o r e  
q u i t e  d i f f e r e n t .  The l o a d e r  i n  t h e  h a u l e r  o p e r a t i o n  had a  s m a l l e r  
ave rage  haul-volume t o  h a n d l e  b u t  less t i m e  t o  remove t h e  l o g s  from 
t h e  p r o c e s s i n g  a r e a ,  a  l a r g e r  number of  t y p e s t o  hand le  , and a  g r e a t e r  
s p r e a d  of  p i e c e s  w i t h i n  t h e  d i f f e r e n t  l o g  t y p e s .  T h i s  r e s u l t e d  i n  a  
d i f f e r e n t  p a t t e r n  of  work f o r  t h e  o p e r a t o r  who had t o  c a r r y  o u t  a  
g r e a t e r  v a r i e t y  of c y c l e s  t o  complete h i s  s o r t i n g  and s t a c k i n g .  

Ten d i f f e r e n t  c y c l e  t y p e s  were i d e n t i f i e d  i n  t h e  s o r t i n g  and s t a c k i n g  
phase  f o r  t h e  two f r o n t - e n d  l o a d e r s  obse rved .  The p r o p o r t i o n s  of t h e  
v a r i o u s  c y c l e s  u t i l i s e d  by b o t h  l o a d e r s  d i f f e r e d  markedly a s  t h e  
s o r t i n g  and s t a c k i n g  p a t t e r n  o f  t h e  h a u l e r  l o a d e r  was more complex. 
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The number of  l o g  t y p e s  c u t  by a  gang i s  p o s s i b l y  t h e  most e a s i l y  
a l t e r e d  v a r i a b l e  which can have a  marked a f f e c t  on t h e  a b i l i t y  o f  a  
l o a d e r  w i t h i n  a  g iven  sys tem t o  c a r r y  o u t  i t s  a l l o c a t e d  f u n c t i o n s  
e f f i c i e n t l y .  With 1 0  l o g  t y p e s  t h e  h a u l e r  l o a d e r  o p e r a t o r  was r e q u i r e d  
t o  ma in ta in  a  c o n s t a n t  h i g h  pace of  work, whereas t h e  t r a c t o r  l o a d e r  
w i t h  f i v e  t y p e s  cou ld  hand le  i t s  work l o a d  comfor tab ly .  T h i s  f a c t o r  
shou ld  t h e r e f o r e  be t a k e n  i n t o  accoun t  by t h o s e  c o n s i d e r i n g  changes 
i n  t h e  c u t t i n g  p a t t e r n  of a  l o g g i n g  o p e r a t i o n .  
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J u s t  a s  t h e  s o r t i n g  and s t a c k i n g  phase  i s  a f f e c t e d  by t h e  e x t r a c t i o n  
u n i t ,  s o  t o o  i s  t h e  l o a d i n g  phase .  When l o a d i n g  a  t r u c k  t h e  l o a d e r  
can c o l l e c t  i t s  l o g s  from two main s o u r c e s  - e i t h e r  t h e  heaps  p i l e d  
abou t  t h e  l a n d i n g  o r  t h e  c u t  l o g s  i n  t h e  p r o c e s s i n g  a r e a  b u t  n o t  
y e t  moved. 



The l o n g  c y c l e - t i m e s  and  l a r g e  haul-volumes o f  t h e  t r a c t o r  and a r c h  
u n i t  meant t h a t  t h e  l o a d e r  i n  t h a t  s y s t e m  o f t e n  had t i m e  t o  t r a n s f e r  
l o g s  d i r e c t l y  f rom t h e  p r o c e s s i n g  area t o  t h e  t r u c k  d e c k ,  t h u s  
r e d u c i n g  t h e  amount o f  doub le  h a n d l i n g .  T h i s  o c c u r r e d  i n  55% o f  a l l  
o f  i t s  o b s e r v e d  l o a d i n g  c y c l e s .  I n  t h e  h a u l e r  o p e r a t i o n  t h e  s h o r t e r  
c y c l e  t i m e  and lower  h a u l  vo lumes ,  and t h e  added  n e c e s s i t y  t o  keep  t h e  
p r o c e s s i n g  a r e a  c l e a r  of  l o g s ,  a l l o w e d  o n l y  18% o f  t h e  l o a d i n g  c y c l e s  
t o  be  c a r r i e d  o u t  from t h e  p r o c e s s i n g  a r e a .  Double-handl ing  was 
t h e r e f o r e  i n c r e a s e d .  

Added p r e s s u r e  i s  p l a c e d  on t h e  l o a d e r  i n  t h e  h a u l e r  s y s t e m  becal lse  
t h e  h a u l e r  canno t  l a n d  t h e  e x t r a c t e d  l o g s  i n  any p o s i t i o n  o t h e r  t h a n  
d i r e c t l y  unde r  i t s  r o p e s .  The l o a d e r  t h e r e f o r e  h a s  t o  remove t h e  l o g s  
from t h e  p r o c e s s i n g  a r e a  f r e q u e n t l y  o r  i n t e r f e r e n c e  can o c c u r  t o  t h e  
e x t r a c t i o n  u n i t .  More i m p o r t a n t l y ,  t h e  s k i d w o r k e r s  c o u l d  be  p l a c e d  i n  
d a n g e r .  When t h e  l o a d e r  i s  l o a d i n g  t r u c k s  i t  o f t e n  h a s  t o  r e t u r n  t o  
t k p r o c e s s i n g  a r e a  t o  c l e a r  wood away. T h i s  t h e r e f o r e  i n c r e a s e s  l o a d i n g  
t i m e .  Because t h e  t r a c t o r  u n i t  can  p l a c e  i t s  h a u l  i n  any p o s i t i o n  on 
t h e  s k i d s i t e ,  i t s  l o a d e r  can d e f e r  s o r t i n g  w h i l e  it i s  l o a d i n g  t r u c k s  
w i t h o u t  e n d a n g e r i n g  t h e  s k i d w o r k e r s  o r  i n t e r f e r i n g  w i t h  t h e  e x t r a c t i o n  
p h a s e .  

CONCLUSIONS : 
The l o a d e r  u n i t  w i t h i n  an e x t r a c t i o n  s y s t e m  i s  a f f e c t e d  by s e v e r a l  
e x t e r n a l  f a c t o r s  which i n f l u e n c e  i t s  work p a t t e r n .  These  must b e  
u n d e r s t o o d  i f  it i s  t o  work e f f i c i e n t l y  and n o t  c r e a t e  dange rous  
working  c o n d i t i o n s  f o r  t h e  s k i d w o r k e r s  n o r  i n t e r f e r e  w i t h  e x t r a c t i o n .  
I n  t h e  two o p e r a t i o n s  s t u d i e d  where t h e  l o a d e r  u n i t s  w e r e  o f  s i m i l a r  
c a p a c i t i e s ,  t h e  h a u l e r  l o a d e r  had  a  h i g h e r  work c o n t e n t  and a  more 
c o m p l i c a t e d  work p a t t e r n  t h a n  t h e  t r a c t o r  l o a d e r  b e c a u s e  o f  (1) 
r e q u i r e m e n t s  imposed by t h e  main e x t r a c t i o n  u n i t ,  and ( 2 )  management 
d e c i s i o n s  r e g a r d i n g  l o g  a s s o r t m e n t s .  

The e x t e n t  t o  which l o a d e r  u n i t s  a f f e c t  l o g g i n g  p r o d u c t i o n  s h o u l d  
b e  more t h o r o u g h l y  r e s e a r c h e d .  F u r t h e r  work by FRI w i l l  e x a ~ i n e  t h e  
i m p o r t a n t  f e a t u r e s  which i n f l u e n c e  t h e  a b i l i t y  o f  a  l o a d e r  t o  cope  
w i t h  i t s  s o r t i n g ,  s t a c k i n g ,  and  l o a d i n g  f u n c t i o n s  w i t h i n  a  g i v e n  
e x t r a c t i o n  sys t em.  
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