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ABSTRACT 

T h e  L a k o  3 T  g r a p p l e  h a r v e s t e r  w a s  
s t u d i e d  i n  a  t r e e  l e n g t h  r a d i a t a  p i n e  
t h i n n i n g  o p e r a t i o n  t o  d e t e r m i n e  t he  
f a c t o r s  a f f e c t i n g  m a c h i n e  p r o d u c t i v i t y  
a n d  p e r f o r m a n c e .  

T h e  w o r k  m e t h o d  i n v o l v e d  the r e m o v a l  o f  
e v e r y  seventh r o w  w i t h  s e l e c t i o n  
t h i n n i n q  b e t w e e n  o u t r o w s .  

B r a n c h  s i z e  h a d  a  m a j o r  e f f e c t  o n  
m a c h i n e  p e r f o r m a n c e .  P r o c e s s i n g  t rees  
w i t h  b r a n c h e s  g r e a t e r  t h a n  6 c m  
d i a m e t e r ,  m a l f o r m a t i o n  o r  d o u b l e  
l e a d e r s  s e v e r e l y  r e d u c e d  p r o d u c t i v i t y .  

P r o d u c t i o n  r a t e s  a v e r a g e d  2 8 m 3  p e r  
p r o d u c t i v e  m a c h i n e  h o u r  d u r i n g  the  
s t u d y .  T o t a l  d a i l y  p r o d u c t i o n  i s  
d e p e n d e n t  on m a c h i n e  u t i l  i s a t i o n ,  w h i c h  
w a s  not  r e l i a b l y  e s t a b l i s h e d  i n  t h i s  
t r i a l .  I m p r o v e d  m a c h i n e  u t i l  i s a t i o n  
c o u l d  be a c h i e v e d  t h r o u g h  w o r k i n g  t w o  
s h i f t s  p e r  d a y ,  m i n i m i s i n g  p e r s o n a l  
d e l a y s  a n d  s c h e d u l i n g  o u t - o f - s h i f  t 
r e p a i r s  a n d  m a i n t e n a n c e .  

INTRODUCTION 

This Repor t  describes a 1987 s tudy  of t h e  
Lako ha rves t e r  production thinning r a d i a t a  
pine in Kaingaroa Forest .  

Since i t s  introduction,  t h e  Lako h a s  ope ra t ed  
successful ly in t r e e  length se lec t ion  thinning 
and  h a s  a l so  been  t r ia l led  in shortwood 
operations. As pa r t  of t h e  on-going 
development  of e f f i c i en t  work techniques,  a n  
evalua t ion  of combined out row and  se lec t ion  
thinning was  undertaken.  This method of 
thinning was adopted  primarily t o  improve  
acces s  f o r  t h e  machine and r educe  d a m a g e  
t o  c r o p  t rees .  O the r  potent ia l  benef i t s  

included improved ef f ic iency  of t h e  bunching 
and skidding phases of t h e  operat ion.  

The  objec t ives  of t h e  s tudy w e r e  : 

- t o  eva lua t e  t h e  work method of t h e  
harves ter .  

- t o  de t e rmine  t h e  s t and  condit ions having a 
signif icant  influence on machine  
productivi ty.  

- t o  d e t e r m i n e  t h e  cos t s  assoc ia ted  with 
th i s  method of mechanical  thinning. 
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THE MACHINE 

The Lako 3T grapple  harves ter  fel ls ,  delimbs, 
c u t s  t o  length,  and roughly bunches t r e e s  of 
up  t o  55 c m  in d iameter .  I t  c a n  b e  mounted 
on d i f f e ren t  base  machines such as 
excavators ,  fo rwarde r s  and skidders  of  7 5  kW 
o r  g r e a t e r  engine  output .  The machine  was  
introduced in to  New Zealand during 1986. 

The  Lako 3T was  mounted on a Fores t e r i  
1278 c r a n e  wi th  a r each  of around 9 metres .  
The  base  machine  was  a Mar t imex LKT 
120-A skidder. Specif icat ions a r e  given in 
Table 1. 

The  ha rves t e r  uni t  h a s  a n  hydraulic  cha insaw 
f o r  fel l ing and cu t t i ng  t o  length. Delimbing 
i s  achieved b,y driving t h e  s t e m  through t w o  
s e t s  of wrap-around knives, via  t h r e e  
hydraulic  dr ive  f e e d  t r a c k s  (Figure 1). 



F i g u r e  1  - T h e  L a k o  3 T  G r a p p l e  H a r v e s t e r  

TABLE 1  : MACHINE SPECIFICATIONS 

M a r t i m e x  LKT 1 2 0 A  

H e i g h t  
W i d t h  
L e n g t h  

O p .  w e i g h t  9 9 0 0  k g s  
Max. f o r w a r d  s p e e d  2 5  k m l h r  
Max.  reverse s p e e d  2 0  k m l h r  
R a t e d  e n g i n e  p o w e r  8 4  kW 

L a k o  G r a p p l e  H a r v e s t e r  

H y d r a u l i c  S y s t e m  : 
- F l o w  2 0 0  l l m i n  
- P r e s s u r e  2 0  MPa 

W e i g h t  ( i n c l .  r o t a t o r )  8 2 0  k g  
Max.  F e e d  S p e e d  3 . 5  m / s  

STUDY AREA 

The  s tudy was  undertaken in a 15 yea r  old 
s tand  of Radia ta  pine on f l a t  t e r r a in  in 
Kaingaroa Forest .  The  s t and  had  been  

previously w a s t e  thinned t o  645 s t e m s  per  
h e c t a r e  a t  a g e  six and had rece ived  various 
pruning t r ea tmen t s .  

Stand d a t a  and  t h e  resul t s  of sec t ional  
measu remen t  of t r e e  lengths co l l ec t ed  prior 
t o  t h e  s tudy a r e  given in Table  2. 

TABLE 2  : STAND DETAILS 

C r o p  s t o c k i n g  25 0  
M e r c h .  y i e l d  s t o c k i n g  ( s p h )  3 8  0  
Mean m e r c h  . DBH c m )  2  5  
Mean m e r c h .  l e n g t h  ( m )  1 3 . 8  

3 Mean m e r c h .  p i e c e  s i z e  ( m  ) 0 . 3 5  
% o f  s m a l l  b r a n c h e d  t rees  

( B I = ~ )  * 8 1 %  
% m a l f o r m a t i o n  ( B I = 4 ) *  4% 

* T h e  i n d e x  o f  b r a n c h  s i z e  i s  
e x p l a i n e d  i n  " S t u d y  M e t h o d " .  

STUDY METHOD 

Prior  t o  t h e  thinning a l l  yield t r e e s  w e r e  
marked and d i ame te r  and  pruned he ight  
measured.  

The  e l e m e n t s  of t h e  typica l  ha rves t e r  work 
cyc le  a r e  : 

1. "select" t h e  t r e e  t o  b e  fel led;  
2. "fell" t h e  t r e e ;  
3. "delimb" (includes any  cu t t i ng  and  

heading off) ;  
4. "move" t h e  machine  along t h e  row, o r  

within t h e  bays. 

Detai led t iming was  under taken  f o r  a period 
of t w o  days. 

From previous s tudies  of t h e  Lako 
operat ion,  i t  w a s  appa ren t  t h a t  t r e e  branch 
s i ze  was  a n  impor t an t  predic tor  of machine  
per formance .  An index of branch s i ze  w a s  
fo rmula t ed  which could b e  easi ly applied t o  
e a c h  s tand  scheduled fo r  thinning by t h e  
Lako (Table 3). The number and  
distr ibut ion of branches  were  no t  p a r t  of t h i s  
index. 

WORK METHOD 

The ha rves t e r  worked a 7th row outrow. 
During thinning, eve ry  seventh  row w a s  
fe l led  and  processed. The  machine  
se lec t ive ly  thinned t h e  t h r e e  adjoining rows 
on  e a c h  side of t h e  out row in t h e  s a m e  pass. 
The work method used d i f fered  f rom common  
methods  of grapple harves ter  opera t ion  in 
t w o  ways : 



TABLE 3  : BRANCH INDEX CLASSIFICATION 

B r a n c h  I n d e x  1  ( B I = l )  : T r e e s  w i t h  b r a n c h e s  a l l  l e s s  t h a n  4 . 0  c m  d i a m e t e r  

B r a n c h  I n d e x  2 f B I = 2 )  : T r e e s  w i t h  s o m e  b r a n c h e s  b e t w e e n  4 . 0  - 6 . 0  c m  d i a m e t e r  

B r a n c h  I n d e x  3  ( B I = 3 )  : T r e e s  w i t h  b r a n c h e s  g r e a t e r  t h a n  6 . 0  c m  d i a m e t e r  

B r a n c h  I n d e x  4  ( B I = 4 )  : M a l f o r m e d  t rees  ( i n c l u d e s  d o u b l e  l e a d e r s )  

1. The  out rows were  not  e x t r a c t e d  prior  t o  
thinning be tween t h e  ou t rows  (bays); 

0 c r o p  t r ee  

X Y l e l d t r e e  

2. The  harves ter  was  driven in to  t h e  bays Direction o f  
t o  th in  t h e s e  rows r a t h e r  t han  opera t ing  m a c h ~ n e  t r a v e l  
f r o m  t h e  out row using t h e  boom. 

This resul ted in both forward  and r eve r se  
t r ave l ,  a s  t h e  machine  had t o  r eve r se  back  X 
on to  t h e  out row before  moving ahead.  The  

Q 
width be tween t h e  rows was  approximately 
2 5  m. 

The  ha rves t e r  fel led t h e  yield t r e e s  in a 
herr ing bone p a t t e r n  wi th  a l l  b u t t s  f ac ing  
towards  t h e  outrow (Figure 2). 

The out row w a s  k e p t  c l e a r  of processed logs. 

As skidder productivi ty was  maximised by 
t r e e  length ex t r ac t ion ,  t h e  Lako a t t e m p t e d  
t o  keep  t h e  processed length a s  long a s  
possible. 

In th is  s tudy,  15% of t r e e s  processed requi red  X 
cu t t i ng  in to  t w o  o r  m o r e  lengths. The  
reasons f o r  t h i s  were  : 

- malformat ion  and t r e e  forking; 
- breakage  on processing; 
- l a rge  d i a m e t e r  t r e e s  becoming s tuck  in to  

t h e  ground during delimbing; 
- hangups during felling. 

The  foilowing techniques w e r e  used t o  
ove rcome  s o m e  problems with diff icul t  
t r e e s  : 

1. Swinging t h e  log and del imber head  back  
and f o r t h  t o  add  impetus  t o  t h e  
movemen t  of t h e  t r e e  through t h e  
del imbing knives. This technique  was  
used for  processing heavily branched 
t r ees ;  

2. Reversing t h e  delimbing head  t o  c u t  t h e  
t r e e  ad jacen t  t o  a whorl and  d e f e c t ,  t hus  
minimising waste. This technique  was  
a lso  used when processing forked  t r ees ;  

U 

OUTROW 

3. Delimbing branches on  t h e  lower s t e m  
prior  t o  fel l ing  re-trirrming). The  
del imbing head  was loca t ed  on t h e  s t e m  F i g u r e  2 : W o r k  M e t h o d  f o r  

T r e e  L e n g t h  T h i n n i n g  



with t h e  knives slightly open. Delimbing 
w a s  achieved  by raising and  lowering t h e  
boom, ins tead  of using t h e  dr ive  t r acks .  

The  processed  t r e e  length wood w a s  bunched 
by a Bell Logger f o r  ex t r ac t ion  by a Clark  
664 grapple  skidder. 

The  or ien ta t ion  of t h e  fe l led  s t e m s  in t h e  
d i rec t ion  of haul and semi-bunching by t h e  
Lako considerably increased  t h e  product iv i ty  
of t h e  Bell Loggers. The  Bells w e r e  
commonly  building bunches of 7 t o  8 p leces  
(averaging 2.35 tonnes  p e r  bunch). 
Pre l iminary  analysis g a v e  Bell bunching 
product iv i ty  of 39.6 m 3 / ~ . ~ . ~ .  Fu r the r  
s tud ies  of t h e  Bell Logger in t h i s  mechanised  
sys t em h a v e  been  under taken  (Ashby & 
Vaughan 1 988). 

RESULTS AND DISCUSSION 

A s u m m a r y  of t h e  work c y c l e  of  t h e  Lako is  
given in Tab le  4. This d a t a  r ep re sen t s  t o t a l  
processing of  320 merchan tab l e  t r e e s  ranging 
f r o m  10 t o  40  c m  dbh. 

Regression analysis  ind ica ted  a pos i t ive  
relat ionship be tween  processing t i m e  pe r  t r e e  
( se lec t ,  f e l l  and  de l imb)  a n d  t r e e  d i ame te r .  
Fo r  al l  t r e e s ,  processing t i m e  (excluding 
move  and  delays)  is  given by : 

y = -0.1276 + 0.0174 * DBH (cm)  
+ 0.1889 * BI ( r 2  = 0.59) 

Analysis of t h e  d a t a  co l lec ted  showed t h a t  
branch  index had t h e  g r e a t e s t  e f f e c t  on  
delirnbing t ime.  When t h e  s t anda rd  t i m e  fo r  
machine  movemen t  and  opera t iona l  de l ays  is 
applied t o  t h e  above  equat ion ,  t o t a l  c y c l e  
t i m e  c a n  b e  predic ted .  F igure  4 shows t h e  
product ivi ty p e r  machine  hour ove r  t h e  r a n g e  
of t r e e  s ize  s tudied.  

TABLE 4 : WORK CYCLE OF THE LAKO 

r 

MEAN 9 5% 76 OF 

PER CONFIDENCE TOTAL 

DESCRIPTION n CYCLE LIMITS CYCLE 

(rnin) (rnin) 

S e l e c t  320 0.128 - + 0.007 17.0 

F e l l  320 0.125 - + 0.005 16.6 

Delirnb 320 0.291 - + 0.026 38.8 

Move 208 0.183 - + 0.012 24.4 

Op. Delay  3 1  0.024 - + 0.004 3.2 1 

rOTAL CYCLE 320 0.752 - + 0.034 100.0 

TREES PER P.M.H. 79.9 - + 3.6 

PRODUCTIVITY = 80 t r e e s  p e r  P r o d u c t i v e  Machine 
3 3 

Hour x 0.35 m / t r e e  = 28.0 rn / 
P.M.H. 

F i g u r e  3 - T r e e  L e n g t h  R a d i a t a  P i n e  T h i n n i n g  



TREE D.B.H. (cm) 

F i g u r e  4 - E f f e c t  o f  T r e e  S i z e  & B r a n c h  I n d e x  on P r o d u c t i v i t y  

Malformation (BI = 4) was  def ined  a s  t r e e s  
with s t e e p  angled branches,  kinks, excess ive  
sweep  o r  double leaders. High proport ions of 
mal format ion  in t h e  s t and  resul ted  in 
severe ly  reduced productivity. 

The del imbing s tandard  was  a c c e p t a b l e  t o  
local  mill s tandards.  The  Lako ha rves t e r  
bes t  per formed del imbing lightly branched 
t r e e s  and  adequate ly  del imbed medium 
branched t r ees .  Heavy branched t r e e s  w e r e  
o f t e n  diff icul t  and  a t  t i m e s  impossible t o  
delimb. 

MACHINE AVAILABILITY AND 
UTlLlSATlON 

A t o t a l  of 31  minor opera t ional  delays w e r e  
recorded during t h e  s tudy (3.3% of t o t a l  
cycle).  These  delays included c lear ing  slash, 
fel l ing unmerchantable  t r e e s  and  aligning 
processed s tems.  Apar t  f rom t h e s e  
opera t ional  de lays  t h a t  occurred  as p a r t  of 
t h e  normal work cycle,  t h e r e  were  severa l  

periods of mechanical  downt ime during t h e  
s tudy.  Most of  t h e  downt ime w a s  associa ted  
wi th  t h e  hydraulics  sys tem.  O t h e r  
mechanica l  de lays  included : 

- s a w  chain  coming off ;  
- changing s a w  chain  (approx. eve ry  2 

hours); 
- th rown dr ive  t r ack .  

Overseas  s tudies  sugges t  t h a t  t h e  machine  
ut i l isat ion leve l  of grapple  ha rves t e r s  is 
around 70% ( 0 .  Raymond,  pers. comm.). It  
may  however b e  unrea l i s t ic  t o  e x p e c t  t o  
main ta in  th i s  f igure  in New Zealand due  t o  
t h e  f a c t  t h a t  t h e  machine is a one-off 
model, wi thout  a n  in f r a s t ruc tu re  of 
mechanica l  support.  

Experience in identifying and repair ing 
recurr ing  problems toge the r  wi th  out-of-shift  
repa i r  and  maintenance  h a s  r e su l t ed  in 
improvements  t o  t h e  mechanica l  avai labi l i ty 
of t h e  Lako. 



MACHINE COSTING 

Machine r a t e  c o s t s  were  ca l cu l a t ed  f o r  t h e  
Lako ha rves t e r  and  base  machine,  using t h e  
LIRA cos t ing  f o r m a t  (Wells, 1981). The  
measured  product iv i ty  r a t e  of 28.0 m 3/ 

P.M.H. a n d  ut i l isat ion of 70% w a s  used t o  
c a l c u l a t e  t o t a l  fel l ing and  del imbing costs .  

Two opt ions  w e r e  examined  : 

1. Single ope ra to r  working 8 hours  pe r  day  : 

8 h r s  x 70% uti l isat ion x 235 days  
= 1316 hrs /yr  

2. Double sh i f t ,  8 hours pe r  sh i f t  : 

16 hrs /day  x 70% uti l isat ion x 235 days  
= 2632 hrs /yr  

Input : 

Cap i t a l  
L i f e  
Resa l e  : Option 1 

Opt ion  2 
In t e r e s t  
Insurance 
R & M : Opt ion  1 

Option 2 

$380,000 
3 y e a r s  
25% of  purchase  p r i ce  
10% of purchase  p r i ce  
20% 
3% 
80% of deprec ia t ion  
120% of deprec ia t ion  

Ou tpu t  : 

Opt ion  1 Opt ion  2 

Owning Cost p e r  hour  $122.00 $66.56 

Opera t ing  Cost p e r  hour  $65.90 $60.13 

Machine c o s t  p e r  PMH $187.90 $126.69 

P l u s  Labour Cost p e r  

PMH $19.87 $21.57 

T o t a l  Cost p e r  PMH $207.77 $148.26 

F e l l  & Delirnb Cost 

( $  p e r  rn3 )  7.42 5.29 

CONCLUSIONS 

This s tudy  in idea l  s t and  condit ions h a s  
shown t h a t  t h e  Lako ha rves t e r  is  capab le  of 
high product iv i ty  in t r e e  length  operat ions.  
The  machine  processed logs in a way t h a t  
improved  t h e  following phases  of t h e  
opera t ion .  

T h e  out row sys t em i s  considered essent ia l  f o r  
e f f i c i en t  mechanised  harvest ing.  T h e  7 th  
r o w  ou t row sys t em appea red  t o  work 
e f f ec t ive ly  under  t h e  condit ions s tudied.  

A m e a n  p i e c e  s i ze  of 0.25 - 0.35 m ideal ly 
su i t ed  t h e  Lako ha rves t e r ,  enabl ing  high 
leve ls  of product ion t o  b e  achieved .  
Never the less  t h e  branch  s i ze  dis tr ibut ion 
within t h e  s t a n d  is  a m o r e  impor t an t  
p a r a m e t e r  t h a n  t r e e  s ize.  Lightly branched  
no rma l  f o r m e d  t r e e s  w e r e  processed  ve ry  
quickly. T rees  w i th  mal forms o r  l a rge  
branches  t ook  83% and  128% longer  t o  
p roces s  respect ively.  Hence  t h e  f requency  of 
t h e s e  s t e m s  in s t ands  t o  b e  ha rves t ed  
mechanica l ly  will  s ignif icant ly inf luence  
machine  product ivi ty.  

Good ut i l isat ion leve ls  mus t  b e  achieved  if 
high product ion is  t o  b e  sus ta ined .  This c a n  
b e  improved by increased  sh i f t  t i m e  and  
under tak ing  r epa i r s  and  ma in t enance  
out-of-shift ,  whe re  possible. Cos t ing  t h e  
opera t ion  on  t w o  opt ions  of d i f fe r ing  sh i f t  
l ength  showed t h e  a d v a n t a g e  of double 
shif t ing.  The  c r i t i c a l  f a c t o r  a f f e c t i n g  
overa l l  pe r fo rmance  of t h e  Lako and  a n y  
o t h e r  mechanised  sys t em is  mach ine  
avai labi l i ty .  S tudies  under taken  by LIRA t o  
d a t e  sugges t  t h a t  mechanica l  rel iabi l i ty  a n d  
a c c e s s  t o  mechanica l  backup will  d e t e r m i n e  
t h e  succes s  o r  f a i l u r e  of mechanised  t r e e  
harves t ing  sys tems.  

The c o s t s  s t a t e d  i n  t h i s  Report have been 
derived using t h e  procedure shown i n  t h e  
LIRA Costing Handbook for Logging 
Contractors.  T h e y a r e o n l y a n  es t imate  
and do no t  neces sar i l y  represent  t h e  
actual  c o s t s  f o r  t h i s  operat ion.  
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