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A s t u d y  o f  t h e  Waratah Heavy Duty 
Grapple Processor  working i n  a s t e e p  
country radiata pine thinning operation 
indicated t h a t  80 t o  90 t r e e s  could be 
processed per machine hour. Th i s  ra te  
was achieved i n  a piece s i z e  of 0.3 m3 . 
Trees were extracted t ree-  length e i t h e r  
t o  t h e  sk id  or  t o  roads ide ,  by a John 
Deere 4 4 0 0  s k i d d e r ,  a Komatsu 0 3 7  
t rac tor  and a Timbermaster hauler. The 
processor  t h e n  del imbed t h e  wood and 
f l ee ted  it for loadout. 

INTRODUCTION 

D u r i n g  t h e  l a s t  t h r e e  y e a r s  s e v e r a l  
m e c h a n i  s e d  p r o c e s s o r s  h a v e  b e e n  
i n t r o d u c e d  i n t o  r a d i a t a  t h i n n i n g  
o p e r a t i o n s .  The Waratah Heavy Du ty  
G r a p p l e  P r o c e s s o r  s t u d i e d  was a 
p r o t o t y p e  o f  a  l o c a l l y  m a n u f a c t u r e d  
rnodel and i s  t he  f i r s t  o f  f o u r  machines 
c u r r e n t l y  work ing  i n  bo th  Aus t ra l  i a  and 
New Zeal and. 

The sys tem i n  w h i c h  t h e  p r o c e s s o r  
o p e r a t e d  was a s t e e p  c o u n t r y  t h i n n i n g  
o p e r a t i o n .  The move t o w a r d s  a sys tem 
whereby p r o c e s s i n g  ( i e .  d e l  i m b i n g ,  
c u t t i  ng-to-1 ength and s t a c k i  ng ) was done 
mechanical l y  r e s u l t e d  f rom d i f f i c u l  t i e s  
w i t h  manual t r imming  on s teep s lopes .  

The o b j e c t i v e  o f  t h e  s t u d y  was t o  
under take a s h o r t  term e v a l u a t i o n  o f  t h e  
processor  ' s  p r o d u c t i  ve capabi  1  i t i e s  over  
a  range o f  c o n d i t i o n s ,  and t o  determine 
an optimum work method. 

As t h e  p r o c e s s o r  was u n d e r g o i n g  
d e v e l o p m e n t  d u r i n g  t h e  s t u d y ,  n o  
e s t i m a t e s  o f  mechan i ca l  a v a i  1  a b i  1  i t y  
were c a l c u l a t e d .  

Figure 1 - The Waratah Grapple Processor 
working i n  NZFP Forests Limited 

K i n l e i t h  Forest 
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THE MACHINE 

The p r o t o t y p e  Waratah Heavy Duty Grapple 
Processor was developed f rom exper ience 
w i t h  a  Scand i  n a v i a n  g r a p p l e  h a r v e s t e r  
and mod i f ied  t o  ach ieve t he  robustness 
r e q u i r e d  when d e l  i m b i n g  New Zea land  
r a d i  a t a  p i  ne . 
Del imbing i s  achieved by two wraparound 
k n i f e  arms and one f i x e d  k n i f e .  The 
maximum t r e e  d i a m e t e r  a b l e  t o  b e  
del  imbed i s  50 cm, w i t h  a  minimum o f  7 .5  
cm. 



Two sp iked  feed  r o l l e r s  and one sp iked  
c h a i n  d r i v e  t h e  t r e e  t h r o u g h  t h e  
processor  w i t h  a  feed speed o f  up t o  3.5 
m/s. An i n t e g r a l  h y d r a u l  i c  c h a i  nsaw 
c u t s  t o  l e n g t h  w i t h  an o p t i o n  o f  an  
automat ic  1  ength measuri ng dev ice.  

The processor  head can be f i t t e d  t o  most 
excavators  o f  75 kW ( o r  g r e a t e r )  eng ine 
o u t p u t .  The h y d r a u l i c  r e q u i  r emen t  i s  
200 l i t r e s h i n  f l o w  a t  26 MPa. I n  t h i s  
opera t ion ,  t he  Waratah was f i t t e d  t o  a  
wheeled H i t a c h i  073 excavator  base. The 
e x c a v a t o r  i s  f i t t e d  w i t h  a  b l a d e  t o  
c l e a r  s l a s h  and a l s o  t o  a c t  as a  
s t a b i  1  i s e r  i n  c o n j u n c t i o n  w i t h  two  
hydrau l  i c  o u t r i g g e r s .  The excavator  i s  
capable o f  t r a v e l  speeds o f  up t o  30 kph 
between sk i ds .  

WORK METHOD 

The processor  u s u a l l y  works out-of-phase 
w i t h  t h e  e x t r a c t i o n  machines, i e .  c o l d  
deck. However, t r e e s  c o u l d  be e x t r a c t e d  
t o  an e x i s t i n g  s t a c k  w i t h o u t  c a u s i n g  
i n t e r f e r e n c e  t o  e i t h e r  t h e  processor  o r  
e x t r a c t i o n  mach ine .  Due t o  t h e  h i g h  
p r o d u c t i v i t y  o f  t h e  p r o c e s s o r ,  h o t  
decking a lone was n o t  a  v i a b l e  o p t i o n .  
T ree  p r e p a r a t i o n  i n  t h e  bush i n v o l  ved 
c u t t i n g  o f f  t h e  heads a t  10 cm SED f o r  
bo th  head- and b u t t - p u l l i n g .  Fo r  head- 
p u l l i n g  on ly ,  t he  f i r s t  one metre o f  t h e  
s m a l l  end was t r immed  t o  a l l o w  f o r  
f a s t e r  hooking on t imes, and t o  g i ve  t h e  
p rocesso r ' s  feed  r o l l e r s  a  good g r i p  on 
t he  t r e e .  

The ope ra t i on  sequence o f  t he  processor  
i n v o l v e d  s t a r t i n g  a t  one end o f  t h e  
un t r immed  s t a c k  and r e v e r s i n g  away, 
u s u a l l y  a t  2-3 metres per  move. 

The processed t r e e s  were s tacked i n  l i n e  
w i t h  t he  untrimmed s tack ( i f  p o s s i b l e )  

o r  a1 t e r n a t i v e l y  were t u r n e d  b y  t h e  
processor .  

C u t t i  ng-to-1 ength was done e i t h e r  w i t h  
t h e  hydrau l  i c  cha i  nsaw ( r e s u l t i n g  i n  a  
f i x e d  l e n g t h  s t a c k  o f  b o t h  l o n g s  and 
s h o r t s ) ,  o r  manual l y  ( r e s u l  ti ng i n  
separate  l o n g  and s h o r t  l e n g t h  s t acks ) .  

The s l ash  t h a t  accumulated between t he  
p r o c e s s e d  and unp rocessed  s t a c k s  was 
b l a d e d  away by  e i t h e r  one o f  t h e  
e x t r a c t i o n  machines o r  by t he  processor .  

STUDY AREA 

The p r o d u c t i o n  s t u d y  o f  t h e  Waratah 
processor  was undertaken d u r i n g  February 
1988 i n  a  r a d i a t a  t h i n n i n g  ope ra t i on  i n  
K i  n l  e i  t h  f o r e s t .  

The s tudy area was a  17 yea r  o l d  r a d i a t a  
p i ne  s tand  on moderate t o  s teep t e r r a i n .  
D e t a i l s  o f  the  s tand data were ob ta ined  
f r o m  p r e - t h i  n n i n g  assessment  by  NZFP 
Fores ts  L i m i t e d  s t a f f  (Table 1 ) .  

TABLE 1 -- 

Stand Age 17 yea rs  
To ta l  S tock i  ng 886 sph 
Y i e l d  S tock ing  511 sph 
Mean Y i e l  d  DBH 24.5 cm 
Mean Y i e l d  Volume 0.3 m 3  

(range 0.03 m3 
t o  0.57 m3)  

RESULTS AND DISCUSSION 

A p r e l i m i n a r y  s t u d y  o f  105 t r e e s  was 
u n d e r t a k e n  t o  assess  t h e  e f f e c t  o f  
l e n g t h ,  d i a m e t e r  and t r e e  volume on 
p rocess ing  t ime.  Resul t s  a re  summarised 
i n  Table 2. 

Figure 2 - Skid Layout for  Waratah Processor 



TABLE 2 

I Dependent Var iab le  Independent Var iab le  

Delimb t ime Tree l e n g t h  
Delimb t ime Tree d i  ame t e r  
Delimb t ime Tree volume 
To ta l  Process Time Tree volume 

A  weak r e l a t i o n s h i p  was found t o  e x i s t  A f t e r  t h i s  p r e l i m i n a r y  study, a  f u r t h e r  
between de l  imbing t ime and t r e e  l e n g t h  380 t r e e s  were t imed d u r i n g  p rocess ing  
( R ~  = 0 .34) .  T h i s  R 2  v a l u e  was l o w e r  t o  determine t he  e f f e c t  o f  t h e  f o l l o w i n g  
than expected and r e f l e c t s  : f a c t o r s  : 

( i  ) The e f f e c t  o f  t he  " p o s i t i o n  head" 
component o f  the  de l  imb element, 
( w h i c h  was n o t  r e c o r d e d  
sepa ra te l y )  ; 

( i i )  The l o n g e r  d e l i m b  t i m e s  d u r i n g  
occasions when t he  processor  head 
r e v e r s e d  a l o n g  t h e  t r e e  t o  g a i n  
s u f f i c i e n t  momentum t o  overcome 
e i t h e r  a  1  arge i nternodal  swe l l  i n g  
o r  a  heavy whorl  o f  branches. 

( i ) Operator d i f f e r e n c e  
( i i  B u t t - f i r s t  v e r s u s  h e a d - f i  r s t  

p rocess ing  
( i i i )  Stack o r i e n t a t i o n  
( i  v )  Ma1 format ion and l a r g e  branches. 

Effect of Operator Difference 

An a n a l y s i s  o f  t h o  work c y c l e  f o r  two  
d i f f e r e n t  opera to rs  i s  g iven  i n  Table 3: 

TABLE 3 - Effect of Operator Difference 

C y c l e  E l e m e n t  
Mean T i m e  P e r  C y c l e  ( m i n )  

O p e r a t o r  1 O p e r a t o r  2  Mean 

A c c u m u l a t e  
P i c k  Up a n d  R e t u r n  
P o s i t i o n  a n d  D e l i m b  
C u t  t o  L e n g t h  
Move A l o n g  S t a c k  
Move A l o n g  Road 
R e s t a c k  
B l a d e  S k i d  

1 TOTAL CYCLE 0 . 6 7  0 . 7 8  0 . 7 3  1 
C y c l e s  o b s e r v e d  2 4 8  
T r e e s  p r o c e s s e d  p e r  PMH 90  
T r e e s  p r o c e s s e d l 6 . 5  PMH d a y  58 5  
T o n n e s l 6 . 5  P M H  d a y  1 9 5  

- S t a n d a r d i  s e d  f o r  c o m p a r i  s o n  
' -  B a s e d  o n  4  km p e r  d a y  @ 1 0  k p h  
3 -  P i e c e  s i z e  0 . 3  m 3 ,  c o n v e r s i o n  f a c t o r  0 . 9  m 3 / t o n n e  



Head First vs. Butt-First Processing 

H e a d - f i r s t  Processing B u t t - f i r s t  Processing 

Cut t ing- to - leng th  i s  done manually by Alignment of the bu t t s  a t  the  far end of 
the  processor operator a t  i n t e r v a l s  the processed stack i s  more d i f f i c u l t .  
(usually 15-20 heads a t  one t ime ) .  The Trees exceeding 11 m i n  length are cut- 
processor chainsaw i s  not used. A t r ee  t o - l e n g t h  us ing t h e  processor and t h e  
of l e s s  than 11 m i s  s tack  among t h e  short lengths are stacked among the  long 
long lengths. lengths. 

Figure 3 - Work Methods 

S t e e p  c o u n t r y  t h i n n i n g  g e n e r a l l y  
i n v o l  ves h e a d - f i r s t  e x t r a c t i o n .  There 
a r e  o c c a s i o n s  however, u s u a l l y  on 
f l a t t e r  coun t ry  o r  when p u l l i n g  over  a  
r i d g e ,  when b u t t - f i r s t  e x t r a c t i o n  i s  
poss ib l e .  

A compar i son  o f  h e a d - f i r s t  and b u t t -  
f i r s t  p r o c e s s i n g  was u n d e r t a k e n  t o  
determine t he  e f f e c t  on p rocess ing  speed 
and de l  imb i  ng qual i ty . 
A1 t h o u g h  t h e  c u t t i n g - t o - l e n g t h  was 
reduced by 35% us ing  t he  processor  ( i e .  
b u t t - f i r s t  p rocess ing) ,  t he  d i f f e r e n c e  
i n  t o t a l  p rocess ing  t ime between t he  two 
p rocess i  ng methods was no s i  gn i  f i c a n t .  
B u t t - f i r s t  p r o c e s s i n g ,  w h i l e  a1 l o w i n g  
f o r  f a s t e r  accumulation, r equ i  r e d  more 
f r e q u e n t  r e s t a c k i n g  o f  t h e  p r o c e s s e d  
t r ees .  Th i s  t ime consuming r e s t a c k i n g  

was due t o  t h e  r e d u c e d  a b i l i t y  o f  t h e  
p r o c e s s o r  t o  c o n t r o l  d i r e c t i o n  o f  t h e  
processed stem w i t h  the  smal l  end i n  t h e  
g rapp le .  

Because r a d i a t a  p i n e  has  an ave rage  
branch angle o f  60% (Gleason, 1985), the 
qua1 i t y  o f  d e l  i mbi ng  h e a d - f  i r s t  was 
n o t i c e a b l y  s u p e r i o r .  The qua l  i t y  o f  
b o t h  p r o c e s s i n g  o p t i o n s  however was 
acceptabl  e  t o  1  oca l  mi 11 standards. 

Effect of Stack Orientation 

Because o f  t he  a b i l i t y  o f  t he  processor 
t o  de l  imb w h i l e  s lew ing  t he  t r e e ,  t he re  
was no s i g n i f i c a n t  d i f f e r e n c e  ( a t  95% 
1  eve1 ) i n  de l  imbi  ng t ime between l a y o u t  
( a )  and ( b ) .  L a y o u t  ( c )  however  was 
s i  g n i  f i c a n t l y  s l o w e r  t h a n  t h e  o t h e r  
1  ayouts.  

Figure 4 - Ef f ec t  o f  Stack Orientation 



Effect of Malformation and Large Branches 

As t h e  work method r e q u i r e d  t h e  removal 
o f  l a r g e  branches and double l e a d e r s  i n  
t h e  bush, t h e  f r e q u e n c y  o f  m a l f o r m e d  
t r e e s  and 1  arge branches was 1  ow ( 6.5%). 
Large branch s i z e  and ma1 f o r m a t i o n s  were 
no ted  i f  problems i n  p rocess ing  arose.  
Del imbing problems occur red  o n l y  where 
b r a n c h  d i a m e t e r s  exceeded  4  t o  5  cm. 
O v e r a l l ,  t r e e s  w i t h  l a r g e  branches and 
ma1 f o r m a t i  o n  r e q u i r e d  4 3 %  m o r e  
p r o c e s s i n g  t ime  (1.12 min p e r  t r e e ) .  

Productivity and Cost 

Dur ing  t h e  s tudy,  Operator  1 averaged 90 
t r e e s  per  p r o d u c t i v e  machine hour  (PMH) 
and O p e r a t o r  2, 79 t r e e s  p e r  PMH, t o  
g i v e  a  weighted mean p r o d u c t i  v i  t y  o f  85 
t r e e s  p e r  PMH ( r e f e r  Table 3 ) .  

Because o f  t h e  d i f f i c u l t y  i n  p r e d i c t i n g  
t h e  machine u t i l  i s a t i o n  o f  a  p r o t o t y p e ,  
t h e  s tandard e s t i m a t e  o f  6.5 PMH/day was 
used. 

85 t rees/PMH x  6 .5  x  0 . 3  mi (a:erage 
t r e e  s i z e )  - 166 m 3/day a t  0.9 m / tonne 
Produc t ion  = 183 tonnelday 

C o s t i n g  t h e  mach ine  u s i n g  t h e  L I R A  
fo rmat  (We l l s ,  1981) g i ves  a  t o t a l  d a i l y  

r a t e  f o r  t h e  Waratah and o p e r a t o r  o f  
$850 p e r  day and a  d e l i m b i n g  c o s t  o f  
$4.77 p e r  t o n n e .  T h i s  compares w e l l  
w i t h  o t h e r  mechani sed p rocessors  work i  ng 
i n  r a d i a t a  p i n e  t h i n n i n g s  (Raymond, 
1988). 

Comparison of Conventional versus 
Mechanised Processing 

(a  ) Convent ional  System 

The c o n v e n t i o n a l  s t e e p  c o u n t r y  
t h i n n i n g  o p e r a t i o n  t y p i c a l l y  
c o n s i s t e d  o f  3 f a l l e r s ,  who a l s o  
t r i m m e d  and a s s i s t e d  t h e  m a c h i n e  
o p e r a t o r  i n  t h e  b reakou t  phase. The 
e x t r a c t i o n  mach ine  was u s u a l  l y  a  
smal l  t r a c t o r  (50-60 kW range)  which 
c a r r i e d  7 t o  8  s t r o p s .  

1 e x t r a c t i o n  machine $325 
3  f a l l e r s ,  1 machine o p e r a t o r  

@ ,  $120 per  day $480 
Opera t ing  s u p p l i e s  (cha i  nsaws, 

t r a n s p o r t  e t c  ) $154 

D a i l y  Cost  $959 
- Targe t  o f  44 tonnes/day 
U n i t  Cost $21.80/tonne 

Figure 5 - Processed t r e e s  ready J'or Zoadout 



( b )  Mechani sed System 

The mechani sed system r e q u i r e d  
th ree  e x t r a c t i o n  u n i t s ,  w i t h  one 
f a l l e r  l e s s  i n  the  crew. The two 
f a l l e r s  trimmed the  top  metre o f  
the  t r e e  and a s s i s t e d  t he  machine 
o p e r a t o r  d u r i n g  t h e  b r e a k o u t  
phase. The 15% inc rease  i n  d a i l y  
p r o d u c t i o n  f o r  t h e  t r a c t o r  
r e f l e c t e d  b o t h  t h e  f a s t e r  s k i d  
t u r n a r o u n d  i n  t h e  m e c h a n i  s e d  
s y s t e m  w h e r e  t h e  f l e e t i n g  
r e q u i r e m e n t  was m in ima l  and t h e  
1  ack o f  "c lean up" t r imming i n  t he  
bush a f t e r  breakout  was completed. 

1 Waratah processor + Operator 
+ Saw $ 873 

3  convent ional  e x t r a c t i o n  u n i t s  
(each l e s s  one f a l l e r  + saw) 

- 2  t r a c t o r s  (52 tonnelday)  
8 $816/day $1,632 

- 1 s k i  dder (68  tonnelday)  
8 $816/day $ 816 

D a i l y  Rate $3,321 
- D a i l y  Produc t ion  172 tonnelday 
U n i t  Cost $19.30/tonne 

The m e c h a n i  sed  p r o c e s s i n g  s y s t e m  
t h e r e f o r e  compares w e l l  i n  t e r m s  o f  
c o s t ,  w i t h  c o n v e n t i o n a l  s t eep  c o u n t r y  
t h i n n i n g  o p e r a t i o n s .  The f a l l e r s  
g r e a t l y  p r e f e r r e d  t h e  m e c h a n i  s e d  
p rocess i  ng work method. 

A1 though the  mechani sed system r e q u i r e d  
t h e  e x t r a c t i o n  u n i t s  t o  work i n  c l o s e  
p r o x i m i t y ,  t h e  D r o c e s s o r  h a s  t h e  
advan tage  o f  b e i n g  a b l e  t o  be d o u b l e  
s h i f t e d .  Th is  advantage w i l l  hasten t h e  

p u l l e d  t o  t h e  r o a d s i d e ,  b y  b o t h  t h e  
h a u l e r  and the ground based machines. 

The p i e c e  s i z e  p r o c e s s e d  ( 0 . 3  m 3  
average, w i t h  a  range o f  0.03 m t o  0 . 5 7 ~  
m ) was cons idered t o  be approaching t he  
u p p e r  l e v e l  o f  t h e  p r o c e s s o r ' s  
c a p a b i l i t i e s .  

As w i t h  any mechan ised  o p e r a t i o n ,  t h e  
p rocesso r ' s  u l t i m a t e  accep tab i l  i t y  w i l l  
depend on t h e  l e v e l  o f  mechan i ca l  
a v a i l a b i l i t y  a c h i e v e d  and t h e  back up 
s e r v i c e  p r o v i  ded. 

O t h e r  p o t e n t i a l  a p p l  i c a t i o n s  f o r  t h e  
p r o c e s s o r  i n c l u d e  p r o c e s s i n g  on t h e  
l a n d i n g  i n  c o n j u n c t i o n  w i t h  a  f e l l e r  
buncher and grapple sk idder  e x t r a c t i o n .  
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The c o s t s  s t a t e d  i n  t h i s  Report have 
been derived using the procedure shown 
i n  the  LIRA Costing Handbook for Logging 
Contractors. They are only an estimate 
and do no t  n e c e s s a r i l y  r epre sen t  t h e  
actual cos t s  for  t h i s  operation. 

move towa rd  mechani sed p r o c e s s i n g  and 
h a r v e s t i n g  i n  New Zea l  and, t h r o u g h  
reduc i  ng machi ne cos ts .  

CONCLUSION 

The Waratah p r o c e s s o r  was f o u n d  t o  be 
capable o f  h i g h  l e v e l s  o f  p roduc t i on  i n  
r a d i a t a  t h i n n i n g  o p e r a t i o n s .  The 
processor  was ab le  t o  process both head- 
f i  r s t  and b u t t - f i  r s t  w i t h o u t  adverse ly  
a f f e c t i n g  p r o d u c t i v i t y .  S t a c k  
o r i e n t a t i o n ,  w h i l e  i m p o r t a n t ,  was n o t  
f ound  t o  be l i m i t i n g  t o  p r o d u c t i o n  
un less t he  angle o f  slew exceeded 90" . 
T h i s  s lew c a p a b i l i t y  was f o u n d  t o  be 
p a r t i c u l a r l y  u s e f u l  when process ing wood 
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