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ABSTRACT 

A s tudy of a  Liebherr  731C crawler 
t ractor  extracting 31 year old radiata 
pine uphi l l  i n  a  c l ea r f e l l  operation was 
carried out .  

A comparison was made of  t he  machine 
.pulling d i rec t l y  o f f  the winch versus a  
tratZing arch. The machine had l i t t l e  
t roub l e  working on s l opes  up t o  30 
degrees. No f  ormal tracking pattern was 
employed, t he  operator pre ferr ing  t o  
n e g o t i a t e  stumps ra the r  than  remove 
them. 
A f t e r  s tandard i s ing  some v a r i a b l e s ,  
including haul distance and drag volume, 

a  13% inc rease  i n  p r o d u c t i v i t y  was 
recorded when using the t r a i l i n g  arch. 
Using a  t r a i l i n g  arch s i g n i f i c a n t l y  
i n c r e a s e d  t h e  p o t e n t i a l  d a i l y  
p r o d u c t i v i t y  o f  t h e  L iebherr  t r a c t o r .  
The i nc rease  was mainly due t o  t h e  
t rac tor  being able t o  walk with the drag 
on s t e e p e r  s lopes ,  t h u s  making t r a v e l  
loading times much fas ter .  

L I R A  wishes  t o  thank con t rac to r  Pe ter  
Roxburgh and h i s  crew and the  s t a f f  of  
Timberlands, Otago. 



INTRODUCTION 

Trac to r s  and sk idders  have been used t o  
l o g  r e l a t i v e l y  s teep  g round i n  New 
Zea land  f o r  many y e a r s .  The g e n e r a l  
approach i s  t o  s k i d  l o g s  d o w n h i l l ,  
e i t h e r  ove r  t h e  c u t o v e r  o r  on f o rmed  
t r acks ,  t o  l and ings  a t  the  f o o t  o f  t h e  
slope o r  i n  the  v a l l e y .  I n  many f o r e s t s  
i n  New Zea l  and, r o a d i n g  near  v a l l e y  
bottoms i s  undes i rab le  due t o  wet, steep 
o r  uns tab le  s o i l  s  o r  stream p r o t e c t i o n  
r e q u i r e m e n t s .  I n  many o f  t h e  c l a y  
f o r e s t s ,  e x i s t i n g  access roads  a r e  on 
the  d ry  s t a b l e  r i d g e  tops. However, t he  
p r o d u c t i v i t y  o f  s k i  dders  and conven-  
ti onal d r i v e  t r a c t o r s  reduces s i  gn i  f i - 
c a n t l y  when p u l l  i n g  u p h i l l .  F ie1  d  (1986) 
discussed t he  v e r s a t i  1  i t y  and advantages 
o f  u s i n g  a  h y d r o s t a t i c  d r i v e  L i e b h e r r  
7 2 1  c r a w l e r  t r a c t o r  f o r  u p h i l l  
e x t r a c t i o n  on 20 degree t o  26 deg ree  
s l o p e s  i n  W h i t f o r d  F o r e s t ,  n e a r  
Auckl and. 

More r e c e n t l y ,  a  L i ebhe r r  731C c raw le r  
t r a c t o r  has been used  i n  c l e a r f e l l  
r a d i  a t a  p i  ne a t  T imber1  ands B e r w i  c k  
Fores t .  Th i s  area had been planned f o r  
hau le r  e x t r a c t i o n  due t o  t he  c o n s t r a i n t s  
o f  the  c l a y  s o i l s ,  c l i m a t e  and r i d g e t o p  
r o a d i  ng p a t t e r n .  The a v a i  1  a b i  1  i ty  o f  
t he  L i e b h e r r  t r a c t o r  and i t s  recognised 
p o t e n t i a l  on such s i t e s ,  coupled w i t h  no 
s u i t a b l e  hau le r  i n  t he  area, r e s u l t e d  i n  
the  dec i s i on  t o  t r a c t o r  l o g  as much o f  
t h e  a rea  as p o s s i b l e .  The t r a c t o r  
ope ra t i on  had been economica l ly  v i a b l e  
whi 1  e  s t i  11 ma in ta i n i ng  r e q u i r e d  minimal 
s o i  1 d i  sturbance. 

T h i s  R e p o r t  d i s c u s s e s  t h e  o p e r a t i n g  
c h a r a c t e r i  s t i c s  o f  the  h y d r o s t a t i c  d r i  ve 
m a c h i n e  a n d  c o m p a r e s  p r o d u c t i v i t y  
p u l l  i n g  d i r e c t l y  o f f  the  winch aga ins t  
us i ng  a  t r a i l i n g  arch, u p h i l l .  

THE MACHINE 

Powered by a  110 kW Mercedes V6 engine, 
t h e  t r a c t o r  i s  f u l l y  h y d r o s t a t i c .  Th i s  
a l l ows  i t  t o  ma in ta i n  maximum torque a t  
ve ry  l ow  speeds. Power i s  c o n t i n u a l l y  
s u p p l i e d  t o  b o t h  t r a c k s  w h i c h  i s  
a d v a n t a g e o u s  d u r i n g  c l  i m b i n g  a n d  
t r a c k i n g .  The even d i s t r i b u t i o n  o f  power 
a1 1  ows w i n c h i n g ,  b l  ade o p e r a t i o n  and 
s t e e r i n g  t o  be c a r r i e d  o u t  a t  t he  same 
t ime.  Forward, reverse and s t e e r i n g  i s  
a l l  c o n t r o l l e d  f rom one j o y s t i c k .  The 
engine i s  p ro tec ted  from over load  by a  

1  i m i  t swi tch  which au toma t i ca l l y  ad jus t s  
t h e  h y d r a u l i c  pumps and m o t o r s  t o  
r e g u l a t e  speed and power a c c o r d i n g  t o  
changing work requirements.  

A  27 tonne 1 i n e  p u l l  h y d r o s t a t i c  l o g g i n g  
w i n c h  was f i t t e d  t o  t h e  t r a c t o r .  
A t t a c h e d  t o  t h i s  was a  22 mm ma in rope  
and f o u r  19 mm st rops.  The winch had no 
f r e e  s p o o l  m e c h a n i s m  f i t t e d  a n d  
t h e r e f o r e  had t o  be powered ou t .  

Liebherr 7 3 1 C Specifications 

Engine - 110 kW (150 hp) 
Operat ing we igh t  - 17.5 tonnes 
Travel  speed - 0-6.2 km/hr 
Side t r a c k  r o l l e r s  - 6  

Hydrostatic Drives 

Hydros ta t i c  d r i v e s  t r a n s f e r  engine power 
t o  t r a c t i o n  power by us ing  h y d r a u l i c  o i l  
unde r  p r e s s u r e .  An e n g i n e  mounted 
h y d r a u l i c  pump s u p p l i e s  o i l  t o  an 
h y d r a u l i c  motor on t he  t r ack .  Usua l l y  
two s e p a r a t e  c i r c u i t s  a r e  used f o r  
t r a c t o r s ,  one f o r  each t r a c k .  

T h i s  t y p e  o f  d r i v e  a1 l o w s  t h e  e n g i n e  
speed t o  be independent o f  ground speed 
because t h e  h y d r o s t a t i c  sys tem has a  
c o n t i n u o u s l y  v a r i a b l e  speed r a t i o .  
Va r i ab le  d i  sp l  acement pumps and motors 
a re  used t o  achieve t h i s .  

The t w o  e x t r e m e s  o f  h y d r o s t a t i c  
o p e r a t i  on a re  : 

1. High t r a c t i o n  loads  a t  low speed by 
pumping l e s s  o i l  a t  h i ghe r  pressure. 

2.Low t r a c t i o n  l o a d s  a t  h i g h  speed b y  
pumping more o i l  a t  lower  pressure.  

Compared w i t h  a  mechanical d r i v e ,  hydro- 
s t a t i c s  o f f e r  t he  f o l l o w i n g  advantages. 

- cons tan t  engine speed a t  t he  optimum 
s e t t i n g  

- comparable o r  b e t t e r  e f f i c i e n c y .  (Pump 
o r  m o t o r  l o s s e s  compared w i t h  t h e  
l o s s e s  i n  t h e  l a r g e  number o f  g e a r  
meshes i n  a  mechanical d r i v e ) .  

- no f r i c t i o n  p a r t s  ( i  .e. s t e e r i n g  brake 
1  i n i n g s ) .  

- speed and d i r e c t i o n  c o n t r o l  by  one 
1  ever .  

- each t r a c k  i s  supp l ied  w i t h  t he  power 
i t  needs t o  move. Whereas i n  a  
mechanical system the  i n n e r  t r a c k  i n  a 
t u r n  i s  slowed by absorbing power i n  
t he  s t e e r i n g  brake. 



STUDY AREA 1.64 m 3  p e r  p i e c e  and a  r e l a t i o n s h i p  
between p i e c e  volume and l a r g e  end  

The s tudy  o f  t h e  L i e b h e r r  t r a c t o r  d i a m e t e r  ( r 2  = 0 .72 ) .  The volume o f  
p u l l i n g  d i r e c t l y  o f f  t h e  w inch  was i n d i v i d u a l  d r a g s  was e s t i m a t e d  b y  
undertaken i n  November, 1987. I n  March a p p l y i n g  t h i s  r e l a t i o n - s h i p  t o  t h e  
1988 t h e  L i e b h e r r  was s t u d i e d  u s i n g  a  measured 1  a rge  end d i a m e t e r  ( u n d e r  
t r a i l  i n g  a r ch .  Weather d u r i n g  b o t h  bark) .  
s t u d i e s  was f i n e  and w e l l  s u i t e d  f o r  
t r a c t o r  e x t r a c t i o n  on the c l a y  s o i l .  The 
s tand o f  31 yea r  o l d  r a d i a t a  p i n e  s tood 
a t  250 stems p e r  h e c t a r e  w i t h  l i t t l e  
unde rg row th .  S lopes  t h a t  t h e  t r a c t o r  
worked on were up t o  30 degrees.  The 
same area was used f o r  bo th  s tud ies .  

STUDY METHOD 

Con t i nuous  t i m e  s tudy  u s i n g  a  Husky 
Hunter Data Logger was used f o r  bo th  o f  
t h e  s t u d i e s .  E i g h t y - s i x  c y c l e s  were  
c o l l e c t e d  when the  t r a c t o r  was p u l l i n g  
d i r e c t l y  o f f  the  winch and 41 us ing  t he  
arch ( t h e  gang f i n i s h e d  the  b l ock  and no 
o t h e r  a r e a s  were  s u i t a b l e ) .  D a t a  
c o l l  e c t e d  d u r i n g  b o t h  s t u d i e s  a1 so 
i n c l  uded  g r o s s  p r o d u c t i v i t y ,  h a u l  
d i s t a n c e s ,  s l ope ,  p i e c e s  p e r  d rag  and 
vo l  ume measurements. 

S c a l i n g  o f  a  sample o f  84 i n d i v i d u a l  
t r e e s  gave a  mean e x t r a c t e d  volume o f  

LOGGING METHOD 

Felling 

The f a l l e r s  f e l l e d  t he  t r e e s  across t he  
s lope f o r  b u t t  f i r s t  e x t r a c t i o n .  A  h i gh  
s t a n d a r d  o f  t r i m m i n g  was c o m p l e t e d  i n  
t h e  bush. Th i s  reduced t h e  t ime  spent 
secondary  t r i m m i n g  a t  t h e  l a n d i n g  and 
a1 so he1 ped reduce s lash  b u i l d  up. 

Extraction 

While p u l l i n g  d i r e c t l y  o f f  t he  winch t he  
o p e r a t o r  n o r m a l l y  w a l k e d  t h e  mach ine  
down the  h i l l  t o  the  drag and b laded the  
l o g s  toge ther  p r i o r  t o  hooking on. Th i s  
r educed  t h e  amount o f  ma in rope  t o  be 
p u l l e d  ou t .  

As t he re  was no f r e e  spool mechanism on 
t h e  w inch ,  t h e  f a l l e r  had  t o  be 
a v a i l a b l e  t o  p u l l  o u t  t he  mainrope and 

Table 1 - Productivity of the Two Systems 

WITHOUT ARCH WITH ARCH 

No. o f  Mean t ime No. o f  Mean t ime 
E l  emen t Observat ions per  Cycle Observat ions pe r  Cycle 

(mi n )  (mi n )  

* Travel  Empty 86 1.77 4  1 1.77 
* Blade Bush 4 0  0.47 2  1 0.47 

P o s i t i o n  5 5  0.22 3  9  0.58 
* Hook On 86 3.09 4  1 3.09 

Break Out 8  6 1.74 4  1 1.47 
Winch I n  Bush 8  6  2.20 3  3  2.35 
Travel  Loaded 8  6  2.45 4  1 1.67 
Unhook 86 0.59 4  1 0.38 

* Blade Sk id  40 0.24 12 0.24 
* F l e e t  7  1 0.35 3  0.35 

To ta l  Cycle Time (mins) 13.12 12.37 

Drag Volume (m3) 5.74 6.10 
Logs per  Cycle 3.50 3.72 

* Average Skidd ing Dis tance (m) 110 110 
P r o d u c t i v i t y  (m3/PMH) 26.3 29.6 
Produc t ion  (m3/6. 5 PMH day) 17 1 192 

* Elements s tandard ised f o r  comparison 



s t rops  as t he  mach im  opera to r  powered 
o u t  t h e  r o p e  f r o m  t h e  w inch .  A f t e r  
b r e a k o u t ,  t h e  d r a g  was w inched  up t h e  
h i l l  u n t i l  t h e  s lope reached between 10 
degrees  and 12 degrees .  From t h i s  
p o i n t ,  t he  t r a c t o r  was norma l l y  ab le  t o  
walk w i t h  the  drag. 

The b a s i c  l o g g i n g  p r o c e d u r e  w i t h  t h e  
a r c h  d i d  n o t  d i f f e r  g r e a t l y  f r o m  t h a t  
used  when p u l l i n g  d i r e c t l y  o f f  t h e  
winch. P o s i t i o n i n g  t he  t r a c t o r  and t he  
a rch  took l onge r  b u t  t h i s  inc rease  was 
o f f s e t  by t he  f a c t  t h a t  t he  t r a c t o r  was 
ab le  t o  walk w i t h  drags on slopes from 
approx imate ly  16 degrees. 

RESULTS AND DISCUSSION 

Due t o  t h e  sma l l  d i f f e r e n c e  i n  t h e  
average  hau l  d i s t a n c e  d u r i n g  t h e  two  
t r i a l s  (average 109 metres when p u l l i n g  
of f  the  winch and 103 metres when us ing  
t h e  t r a i l i n g  a r c h )  a  s t a n d a r d i s e d  
average o f  110 metres was used f o r  both.  

To p r o v i d e  an e q u i t a b l e  compar i son  
between the  two systems, o the r  elements 
were a1 so s t a n d a r d i  sed. The e l  ements 
which were l e f t  w i t h  the  ac tua l  recorded 
t imes were p o s i t i o n ,  breakout,  winch i n  
bush, t r a v e l  l o a d e d  and unhook. The 
reason f o r  t h i s  was these were the  areas 
where t h e  a r c h  had a  r e a l  e f f e c t  on 
p r o d u c t i v i t y .  The o the r  elements were 
n o t  a f f e c t e d  by  e i t h e r  o f  t h e  two  
ope ra t i ng  systems. The on l y  h indrance 
t o  c y c l e  t i m e s  caused by t h e  a r c h  was 
p o s i t i o n i n g  t h e  a r c h  f o r  hook on and 
winching. As can be seen from Table 1, 
the  arch d i d  have advantages i n  c e r t a i n  
p h a s e s  o f  t h e  e x t r a c t i o n  c y c l e .  
B reakou t ,  f o r  i n s t a n c e ,  was s l  i g h t l y  
q u i c k e r  a t  1.47 m i n u t e s  p e r  c y c l e  as 
a g a i n s t  1.74 m i n u t e s  p e r  c y c l e  when 
p u l l i n g  o f f  t h e  w inch .  T h i s  18% 
d i f f e r e n c e  was m a i n l y  due t o  t h e  a r c h  
p r o v i d i n g  e l e v a t i o n  t o  t he  drag du r i ng  
b r e a k o u t .  L a t e r  i n  t h e  e x t r a c t i o n  
c y c l e ,  t h e  use o f  t h e  a r c h  r e s t r i c t e d  
t he  t r a c t o r ' s  winching a b i l i t y .  

The h e i g h t  o f  t he  arch and t he  maximum 
l e n g t h  o f  t h e  r o p e  t o  be wound i n  ( 3 0  
m e t r e s )  r e s u l t e d  i n  t h e  f o r c e s  f r o m  
winching t he  drag be ing  t r a n s f e r r e d  t o  
t h e  f r o n t  o f  t h e  t r a c t o r  l i f t i n g  t h e  
back o f f  t h e  ground,  t h e r e b y  r e d u c i n g  
t h e  t r a c t o r '  s  h o l  d i n g  a b i  1  i t y  . When 
u s i n g  a  t r a i l i n g  arch, t h e  i n f l u e n c e  o f  
l i f t  i s  u s u a l l y  e f f e c t i v e l y  r e s t r i c t e d  

t o  a  d is tance  f rom the  arch f o u r  t imes 
t he  h e i g h t  o f  t he  r o l l e r  ( L i l e y ,  1983). 
I n  t h i s  case, t he  arch was t h r e e  metres 
h i g h  and t h e  advan tage  o f  t h e  1  i f t  
o b t a i n e d  was 1  o s t  when w i n c h i n g  more 
than twelve metres behind t he  arch. The 
a r c h  gave t h e  t r a c t o r  t h e  a b i l  i t y  t o  
walk w i t h  the  drag on s teeper  s lopes and 
c o v e r  t h e  d i s t a n c e  t o  t h e  l a n d i n g  
f a s t e r .  F u r t h e r m o r e ,  t h e  use o f  t h e  
a r c h  r e s u l t e d  i n  t h e  b u t t s  b e i n g  more 
spread o u t  when t he  drag was dropped on 
t h e  sk id ,  r e s u l t i n g  i n  a  36% decrease i n  
unhook t ime. 

CONCLUSIONS 

The a d d i t i o n  o f  t he  arch had t he  e f f e c t  
o f  i nc reas ing  p r o d u c t i v i t y  13% (192 m3 
vs 171  m3 p e r  6.5 machine h o u r  d a y ) .  
Th i s  was achieved through b e t t e r  weight  
d i  s t r i  b u t i o n  and increased drag vo l  ume 
by a p p r o x i m a t e l y  6%. The use o f  t h e  
arch enabled the  machine t o  walk w i t h  a  
h e a v i e r  d r a g  on s l o p e s  o f  up t o  16 
degrees. Th i s  r e s u l t e d  i n  a  s i g n i f i c a n t  
i n c r e a s e  i n  p o t e n t i  a1 d a i l y  p r o d u c -  
ti v i  ty  . 
The L iebhe r r  t r a c t o r  proved i t s  ab i  1  i ty  
t o  c l i m b  and manoeuvre on t h e  s t e e p  
s l  opes (up t o  30 degrees). Whi 1  e  ground 
c o n d i t i o n s  a t  the  t ime o f  t he  study were 
good f o r  t r a c t o r  1  oggi  ng, any d e t e r i  ora-  
t i o n  o f  the  c l a y  s o i l  due t o  r a i n  would 
adverse ly  i n f l  uence t he  performance o f  
the  machine. 

The h y d r o s t a t i c  d r i v e  machine shou l  d  
c o n t i n u e  t o  demons t ra te  i t s  advan tage  
o v e r  a  m e c h a n i c a l l y  o r  c o n v e n t i o n a l l y  
d r i v e n  machine i n  adverse c o n d i t i o n s  by 
i t s  a b i l i t y  t o  r e t a i n  d r i v e  power t o  
bo th  t r acks .  
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