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LOTUS EKPERIMENTAL SKYLINE HAULER 

INTRODUCTION 

T h i s  r e p o r t  surnrnarises p r o d u c t i o n  
s t u d i e s  o f  t h e  Lo tus  s k y l i n e  h a u l e r  
o v e r  a  s i x  month t r i a l .  The s t u d y  
was c a r r i e d  o u t  by t h e  FRI H a r v e s t i n g  
Group w i t h  a s s i s t a n c e  from LIRA, f o r  
t h e  L o t u s  deve lopment  working  g roup .  

Dur ing  t h e  t r i a l  t h e  L o t u s  s k y l i n e  
was o p e r a t e d  i n  t h i n n i n g s  f o r  4 
months i n  NZFP's K i n l e i t h  F o r e s t  and 
2 months i n  Tasman's  Tarawera F o r e s t .  
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The f o l l o w i n g  t h r e e  sys t ems  were 
s t u d i e d  i n  d e t a i l :  

D o w n h i l l  T r i a l s  - T a r a w e r a  F o r e s t  

TABLE 1. DETAILS OF THE LOTUS SKYLINE TRIALS 

E x t r a c t i o n  
System 

U p h i l l ,  t r e e  l e n g t h  
(Hot decking)  

Downhill ,  t r e e  l e n g t h  
(Cold decking)  

Downhill ,  l o n g  l e n g t h  
(Cold decking)  

* Inc luded  200 dead o r  c u l l  t r e e s / h a  a 14 y e a r  o l d  r a d i a t a  r e g e n e r a t i o n .  Mean dbh 22.6 cm. An a g r i c u l t u r a l  t r a c t o r  
w i t h  -winch removed l o g s  from i n  f r o n t -  on t h e  h a u l e r  every  2-3 c y c l e s  and 
s h i f t e d  t h e  Lotus  d u r i n g  l i n e  s h i f t s .  

@ 17 y e a r  o l d  r a d i a t a .  Mean dbh 27.8 cm. E x t r a c t i o n  l i n e s  4 m wide a t  20 m c e n t r e s .  
Apar t  from removal o f  c u l l  t r e e s ,  l i t t l e  t h i n n i n g  was done between e x t r a c t i o n  rows. 

F o r e s t  

K i n l e i t h  @) 

Tarawera @ 

Tarawera @ 

No. o f  Cyc les  
Timed 

19 3  

12 3  

111 

a 

Stock ing  ( s t e m s h a )  
Be£ o r e  Thinning 

76 5 

1090" 

1090" 

A f t e r  Thinning 

3 70 

460 

460 



STUDY RESULTS 
PRODUCTIVE CYCLE ANALYSIS - 

T a b l e  2 g i v e s  t h e  a v e r a g e  c y c l e  t i m e s  f o r  t h e  t h r e e  e x t r a c t i o n  
s y s t e m s ,  and d i v i d e s  t h e  t i m e s  i n t o  e l e m e n t s  t h a t  a l l o w  compar ison  
between s y s t e m s .  

TABLE 2 .  PRODUCTIVE CYCLE DISTRIBUTION 

U p h i l l ,  Downhi l l ,  Downhi l l ,  Time 
A c t i v i t y  

t r e e - l e n g t h  t r e e - l e n g t h  l o g  l e n g t h   ins) 

- " R a i s e  r i g "  t i m e  i n  u p h i l l  s t u d y  i s  less t h a n  d o w n h i l l  b e c a u s e  
t h e  c a r r i a g e  o f t e n  r a n  back w h i l e  t h e  o p e r a t o r  was r e t u r n i n g  t o  
t h e  c o n t r o l  a f t e r  u n s t r o p p i n g  t h e  l o g s .  

- "Out h a u l "  t i m e s  a r e  t a k e n  o v e r  v a r i o u s  d i s t a n c e s  and t h e n  
s t a n d a r d i s e d  by r e g r e s s i o n  a n a l y s i s  t o  100 m .  (See  a l s o  D i s c u s s i o n  
S e c t i o n  on l i n e  s p e e d s . )  The t r e e - l e n g t h  s t u d i e s  i n c l u d e  some 
" h e s i t a t i o n  t i m e "  i n  t h e  machine c o n t r o l  p r i o r  t o  engag ing  t h e  
haul -back  r o p e .  T h i s  problem was l a r g e l y  overcome b e f o r e  t h e  l o g -  
l e n g t h  s t u d y .  

- "Move i n "  and "move c l e a r "  t i m e s  a r e  s m a l l  b u t  n e c e s s a r y  p a r t s  o f  
t h e  p r o d u c t i v e  c y c l e ,  f o r  s a f e t y  r e a s o n s .  T h e i r  d u r a t i o n  depends  
l a r g e l y  on t h e  b r e a k e r - o u t  and  t h e  amount o f  s l a s h  on t h e  ground.  

- "Choke l o g s "  i s  t h e  same p e r  l o g  f o r  t h e  d o w n h i l l  s t u d i e s  b u t  
l o n g e r  i n  t h e  u p h i l l  s t u d y .  T h i s  r e f l e c t s  t h e  amount o f  l a t e r a l  
p u l l i n g  o f  s l a c k  r e q u i r e d  t o  choke l o g s  f e l l e d  between t h e  e x t r a c t i o n  
rows. 

- "Break-out"  and " i n  h a u l "  w e r e  n o t  s e p a r a t e d  i n  t h e  u p h i l l  s t u d y .  
However, t h e  t i m e  t o  b reak -ou t  would have been l o n g e r  t h a n  i n  t h e  
d o w n h i l l  s t u d i e s  main ly  t h r o u g h  t h e  i n c r e a s e d  l a t e r a l  h a u l i n g  done .  
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- " I n  h a u l "  t i m e  i s  l o n g e r  i n  t h e  downhi l l  sys t ems  a s  i t  i n c l u d e s  a  
lldrop'l e lement  where ,  i n  t h e  " c o l d  deck" s i t u a t i o n ,  t h e  c a r r i a g e  i s  
slowed down and t h e  l o g s  l i f t e d  o n t o  t h e  s t o c k p i l e .  

- "Unhook" t ime  p e r  l o g  was h i g h e r  f o r  t h e  downhi l l  s y s t e m s ,  p a r t l y  
because  of  t h e  s t o c k p i l i n g  of  t h e  l o g s .  

PRODUCTION DELAYS 

P r o d u c t i o n  d e l a y s  a r e  a p a r t  o f  a l l  l o g g i n g  o p e r a t i o n s .  The t o t a l  product ion 
d e l a y  p e r  c y c l e  f o r  t h e  3 sys t ems  and t h e  main components of  d e l a y w e r e :  

U p h i l l  t r ee - leng th : -  1.27 mins.  o f  which 27% was b reak ing-ou t ;  17% o p e r a t o r  doing 
skidwork; 13% choker t a n g l i n g ;  13% s k i d d e r  i n t e r f e r e n c e ;  and 22% o t h e r  d e l a y s .  

Downhill t r e e - l e n g t h : -  0.60 mins. o f  which 48% was b reak ing-ou t ;  22% w a i t i n g  f o r  
t h e  r i g g i n g  t o  lower i n  t h e  bush;  and 22% o t h e r  d e l a y s .  

Downhill log- length:-  0.60 mins.  o f  which 50% was breaking-out ;15% w a i t i n g  f o r  t h e  
r i g g i n g  t o  lower i n  t h e  bush;  12% chokers  t a n g l e d ;  and 17% o t h e r  d e l a y s .  

The u p h i l l  s t u d y  d e l a y  t i m e  was ma in ly  i n  b r e a k - o u t  because  o f  poor  
l o g  p r e p a r a t i o n  i n  t h e  bush .  T h i s  a l s o  caused  t h e  o p e r a t o r  t o  do s k i d -  
work and l i m i t e d  t h e  number o f  l o g s  hooked on p e r  h a u l .  Break-out  d e l a y  
t i m e  i n  t h e  downhi l l  s t u d i e s  r e s u l t e d  when l o g s  s l i d  beh ind  a s t a n d i n g  
t r e e .  

Chokers becoming t a n g l e d  around t h e  s k y l i n e  o r  mainrope was more common 
i n  t h e  u p h i l l  h a u l i n g  when t h e  c a r r i a g e  r a n  back down t h e  s k y l i n e  and 
t h e  r i g g i n g  r a i s e d  i t s e l f ,  a f t e r  t h e  l o g s  had been unhooked. 

L a t e r a l  p u l l i n g  of  s l a c k  f o r d o w n h i l l  e x t r a c t i o n w a s  d i f f i c u l t  owing t o  
drum f ree -whee l ing  l i m i t a t i o n s .  A t  T a r a w e r a F o r e s t ,  where t h i n n i n g  be- 
tween t h e  rows was l i g h t ,  t h i s  problem was n o t  e v i d e n t  i n  t h e  t i m e  
d i s t r i b u t i o n .  

Wai t ing  f o r  t h e  r i g g i n g  t o  lower from t h e  c a r r i a g e  i n  downhi l l  h a u l i n g  
was a l s o  r e l a t e d  t o  drum f r e e - w h e e l i n g  problems.  

Incoming l o g s  f o u l i n g  w i t h  t h e  h e a d s  of  t h e  p r e v i o u s  d r a g  were a  
problem i n  t h e  u p h i l l  e x t r a c t i o n  sys t em,  a l t h o u g h  t h i s  c o u l d  be  ove r -  
come w i t h  an i n t e r m e d i a t e  s u p p o r t  sys tem n e a r  t h e  l a n d i n g  e d g e .  

S k i d d e r  i n t e r f e r e n c e  when removing t h e  l o g s  i n  f r o n t  o f  t h e  h a u l e r  
o c c u r r e d  o n l y  i n  t h e  u p h i l l  t r e e - l e n g t h  sys t em.  

PRODUCTION ESTIMATE 

FRI H a r v e s t i n g  Group ' s  s t a n d a r d i s e d  c a l c u l a t i o n s  of  d a i l y  p r o d u c t i o n  
e n a b l e s  d i r e c t  compar isons  of  d i f f e r e n t  s y s t e m s .  A p r o d u c t i v e  c y c l e  
i s  o b t a i n e d  from t h e  s topwatch  d a t a  and k h h s  i s  t h e n  a d j u s t e d  t o  a  
s t a n d a r d  ave rage  h a u l  d i s t a n c e  o f  100 m i n  s t r i p  t h i n n i n g .  An a l low-  
ance  of 2 2 %  f o r  r o p e - s h i f t  t i m e  i s  added a s  i s  a  f u r t h e r  a l low-  
ance  f o r  p r o d u c t i o n  d e l a y s .  The e s t i m a t e d  d a i l y  p r o d u c t i o n  o f  t h e  
t h r e e  sys tems s t u d i e d ,  u s i n g  t h i s  f o r m a t ,  appea r  i n  Tab le  3 .  

TABLE 3 .  AVERAa STANDARD PRODUCTION ESTIMATE PER 8-HOUR DAY 

Downhill,  
-T 

Log-length - 
7.14 mins 

67.2 

0.27 

2.3 

0.62 

41.7 
A 

Downhill,  
Tree- length  

6 .81 mins 

70.5 

0.40 

1 .7  

0.69 

48.6 

System 

T o t a l  c y c l e  t ime (480 min/day) 

No. of hauls /day 

P i e c e  s i z e  (m3) 

No. o f  logs /hau l  

Haul volume (m3) 

D a i l y  p roduc t ion  (m3) 

U p h i l l ,  
Tree- length  

8.13 mins 

59 . O  

0 . 2 1  

2 . 1  

0.44 

25.7 



During t h e  downhi l l  t r e e - l e n g t h  s t u d y  t h e r e  was a  1 9 %  l o g  l o s s  due t o  
t h e  o p e r a t o r ' s  i n e x p e r i e n c e .  About 4 %  l o g  l o s s  i s  u s u a l  and,  had t h i s  
been a c h i e v e d ,  d a i l y  p r o d u c t i o n  from t h i s  sys tem would have i n c r e a s e d .  

Where l o g  l e n g t h s  were c u t  i n  t h e  bush t h e  number of l o g s  choked p e r  
h a u l  i n c r e a s e d  (wi th  a  co r respond ing  i n c r e a s e  i n  choking t i m e ) .  T h i s  
d i d  n o t  compensate f o r  t h e  a s s o c i a t e d  d e c r e a s e  i n  p i e c e  s i z e  a n d t h e r e -  
f o r e  ave rage  volume was down. T h i s  e f f e c t  may be  o f f s e t  t o  some e x t e n t  
by advantages  o c c u r r i n g  w i t h  subsequen t  h a n d l i n g  of  t h e  s t o c k p i l e d  logs  
( s e l f - l o a d i n g  t r u c k s ) ,  however t h i s  was n o t  measured i n  t h i s  s t u d y .  

D l  SCUSSION 
- The Lotus hau le r  had a  r e l a t i v e l y  s h o r t  opera tor - learn ing  curve.  The c o n t r o l s  a r e  
s t r a i g h t  forward with t h e  hydrau l ic  d r i v e g i v i n g  t h e  operator  p o s i t i v e  and i n f i n i t e l y  
v a r i a b l e  speed c o n t r o l .  

- Accurate d i r e c t i o n a l  f e l l i n g  and a  good s t anda rd  of l og  p repa ra t i on  i n  t he  bush 
a r e  e s s e n t i a l  i f  high l e v e l s  of hau l e r  t h inn ing  product ions a r e  t o  be ob ta ined .  

- Average p i ece  s i z e  s t rong ly  a f f e c t s  o v e r a l l  d a i l y  product ion .  Where p i ece  s i z e  i s  
below about 0.2 m3 it would be d i f f i c u l t  t o  achieve d a i l y  product ion exceeding 
30 m3, compared with d a i l y  product ion r a t e s  approaching 50 m3 f o r  a  p i ece  s i z e  of 
0 .4  m3. (See Table 3 . )  

- Ext rac t ion  rows should be kep t  t o  a  reasonable  length  (about  100 m average) t o  
keep non-productive rope s h i f t  time t o  a  minimum. 

The s tudy  a l s o  showed up c e r t a i n  a r e a s  t h a t  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n :  

MACHINE RELATED RESEARCH - 

- The 8 tonne sled-mounted Lotus hau le r  was d i f f i c u l t  t o  move with a  56 kW skidder  
on the  loose pumice s o i l s  i n  Tarawera F o r e s t .  Redesigning of t he  h a u l e r ' s  under- 
c a r r i a g e  would probably overcome t h i s  problem and the  c o s t  should be compared 
with p o t e n t i a l  sav ings .  

- Fur ther  research  i s  r equ i r ed  t o  determine t h e  d i f f e r e n c e  i n  fo rces  r equ i r ed  t o  
break-out untrimmed, p a r t l y  trimmed, and completely trimmed l o g s ,  which may be 
uncovered, p a r t l y  covered, o r  completely covered by s l a s h  o r  o t h e r  l o g s .  Power 
requirements f o r  small  h a u l e r  design tends  t o  be governed by t h i s .  

- Haul-back rope speed on the  Lotus h a u l e r  i s  r e l a t i v e l y  slow. An i nc rease  i n  t he  
drum speed would reduce t h e  "ou t  hau l"  propor t ion  of t he  product ive cyc l e .  

- Free-spooling drums a r e  necessary t o  allow l a t e r a l  s l a c k  t o  be p u l l e d ,  e s p e c i a l l y  
f o r  downhill e x t r a c t i o n .  

SYSTEM RELATED RESEARCH 

- A t o t a l  system a n a l y s i s  i s  r equ i r ed  t o  show i f  t h e  time spen t  c u t t i n g  l ogs  t o  
length  i n  t he  f o r e s t  i s  j u s t i f i e d .  

- Fur the r  research  i s  needed t o  look i n t o  use of in te rmedia te  suppor t s ,  t o  reduce 
o r  e l imina t e  product ion de lays  occur r ing  a t  t h e  landing  during u p h i l l  e x t r a c t i o n ,  
and t o  extend haul  d i s t ance .  

B a s i c  s p e c i f i c a t i o n s  o f  the  L o t u s  s k y l i n e  h a u l e r  w e r e  d e s c r i b e d  i n  LIRA R e p o r t  
V o l .  4 N o .  7  1 9 7 9 .  

For Further Information Contact: N.Z. LOGGING INDUSTRY RESEARCH ASSOC. INC. 
P.O.Box 147, 
ROTORUA, NEW ZEALAND. Phone 87-1 68 


