
RA COP 

A.P. Gleason 
J.A. Stulen 

INTRODUCTION 
When se lec t ing  conventional  logging equipment ,  t h e  need for  in format ion  on f a c t o r s  
such  as;  p iece  s ize,  a v e r a g e  haul d i s tance ,  topography,  and daily volume is  well 
recognised. Select ion of mechanised del imbing equipment  requi res  m o r e  special ised 
informat ion  ( t r e e  d i ame te r ,  whorl spacing,  branch  size,  and  number of branches  per  
whorl) in order  t o  m a t c h  machine  capac i ty  t o  t h e  ma te r i a l  being handled. 

This Repor t  describes a n  eva lua t ion  of t h e  branch  cha rac t e r i s t i c s  of a 1 3  year  old 
r ad i a t a  pine s tand ,  and t h e  f o r c e s  requi red  f o r  delimbing. 
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BRANCH CHARACTERISTICS 
T h e  t r e e s  s tudied w e r e  s e l ec t ed  f r o m  a 1 3  year  old s tand  of r ad i a t a  pine a t  
Hanmer  S t a t e  Fo re s t  park. These  had been  planted at 1200 sph benea th  a n  overs torey  
(60 sph) of 80 yea r  old European larch.  In 1978, t h e  r ad i a t a  pine was  thinned t o  
w a s t e  down t o  666 sph and in 1979, p a r t s  of t h e  s tand  w e r e  low pruned. 

Twenty-eight  t r ee s ,  ranging in dbh f r o m  1 3  t o  28  c m ,  w e r e  fe l led  and  skidded t o  t h e  
landing. Unpruned t r e e s  w e r e  t r i m m e d  enough t o  g ive  access fo r  felling. C a r e  w a s  t aken  
t o  minimise branch breakage  during skidding. A t  t h e  landing, t h e  following f a c t o r s  
w e r e  measured  : 

t r e e  height  whorl  spacing 

merchan tab l e  length  t r e e  d i a m e t e r  at whorl 

1.e.d. b ranch  s i ze  

dbh branch  

s.e.d. number  of branches  per  whorl 

F rom t h e s e  calculat ions,  t h e  merchan tab l e  t r e e  volume and  t o t a l  branch a r e a  per  whorl 
w e r e  ca lcu la ted .  The  measu remen t s  of t h e  typ ica l  or  median  t r e e  is summar ised  in 
Tab le  1 and  Table  2. 



T a b l e  1 - T u ~ i c a l  t ree  c h a r a c t e r i s t i c s  
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T a b l e  2 - T y p i c a l  t ree  b r a n c h  a n d  w h o r l  c h a r a c t e r i s t i c s  
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Overseas  research  in to  mechanised del imbing has  found t h a t  t h e  f o r c e  required t o  shea r  
l imbs is a funct ion  of branch a r e a  (Ref.  1). On r a d i a t a  pine, branches  grow in whorls,  s o  
t h e  f o r c e  required t o  de l imb would b e  expec ted  t o  be  a funct ion  of t o t a l  branch a r e a  in a 
whorl. To  g e t  a b e t t e r  understanding of t h e  relat ionship be tween t r e e  s i ze  and t o t a l  branch 
a r e a ,  t h e  twenty-eight  t r e e s  w e r e  sp l i t  i n to  four  classes,  based on 1.e.d. The  a v e r a g e  branch 
cha rac t e r i s t i c s  fo r  e a c h  class  a r e  shown in Table  3. 

T a b l e  3 - A v e r a g e  b r a n c h  a r e a  c h a r a c t e r i s t i c s  b y  d i a m e t e r  c l a s s  

L.E.D. NUMBER OF TOTAL BRANCH AREA PER WHORL 

CLASS L.E.D. HE I GHT WHORLS AVERAGE MAXIMUM 

(cm) (cm) (m) (cm2 (cm2 ) - - 



T h e  maximum f o r c e  required t o  de l imb a t r e e  should depend on maximum whorl branch area .  
Analysis of maximum whorl branch a r e a  showed a relat ionship t o  t r e e  d i a m e t e r  and height.  The  
relat ionship is described by t h e  following equat ion  and shown by t h e  graph in F igure  1. 

Maximum b r a n c h  a r e a  ( c m 2 )  = 5 . 4 9  x ( l . e . d . ,  c m )  - 5 . 1 2  ( h e i g h t ,  m )  - 8 . 7 1  
r 2  = . 7 0  ( 7 0 %  o f  the r e l a t i o n s h i p  e x p l a i n e d  b y  the e q u a t i o n )  

F i g u r e  1 - Maximum b r a n c h  a r e a  p e r  w h o r l  v e r s u s  tree d i a m e t e r  a n d  h e i g h t  
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Other  t r ends  showed up in t h e  informat ion  : 

(1) For a given t r e e  d i ame te r ,  sho r t e r  t r e e s  tended t o  have  a la rger  maximum 
branch a r e a  per  whorl t han  t a l l e r  t r e e s  wi th  t h e  s a m e  d iameter .  

(2) The  maximum whorl branch a r e a  occu r red  in t h e  f i r s t  t h r e e  whorls of mos t  t rees .  

(3) Branch angle, which i s  repor ted  t o  have  a n  e f f e c t  on delimbing fo rce ,  varied 
f rom 30" t o  90° and ave raged  60". The re  was  no signif icant  relat ionship 
be tween  branch angle  and position on t h e  t r e e ,  o r  t r e e  size. 

FORCES TO DELIMB 
An addit ional  f i f t e e n  t r e e s  w e r e  se l ec t ed  f r o m  t h e  s a m e  s t and  and skidded t o  t h e  landing. T o  
f a c i l i t a t e  branch and f o r c e  measurements ,  t h e  branches  were  c u t  t o  30 t o  50 c m  in length. 
Seven of  t hese  t r e e s  were  part ial ly del imbed,  leaving a uniform number of branches  per  whorl 
on e a c h  t r e e  ( see  Figure  2). All branches  on t h e  remaining t r e e s  w e r e  l e f t  in tac t .  Branch 
cha rac t e r i s t i c s  w e r e  measured  and recorded.  

T h e  Hunt processor  (Ref. 2) was  used f o r  delimbing, wi th  a load ce l l  f i t t e d  be tween  t h e  
grapple shear  and t h e  t r ee .  To e l imina te  t h e  "axe" o r  momen tum e f f e c t ,  t h e  del imber f e e d  
w a s  s topped be tween whorls. A pengraph recorder  was  used t o  plot t h e  f o r c e  per  whorl which 
occurred  during delimbing. 



RESULTS 
No c l e a r  relat ionship was  found be tween  t o t a l  b ranch  a r e a  per  whorl and  t h e  del imbing force .  
T h e  absence  of a s t rong  relat ionship i nd i ca t e s  t h a t  f a c t o r s  o the r  t han  whorl branch  a r e a  
a f f e c t  del imbing force .  These  could include;  f r ic t ion  be tween  knives and  s t e m ,  kni fe  angle,  
problems wi th  s t e m  a l ignment ,  and  nodal  swelling. In a c t u a l  p r ac t i ce ,  a del imbing machine  
may  no t  need t o  develop t h e  maximum f o r c e  ca lcu la ted .  O n c e  t h e  t r e e  o r  knife  is moving, 
t h e  momen tum developed will add  t o  t h e  mach ine ' s  s t a t i c  f o r c e  capabil i t ies .  

T h e  a v e r a g e  f o r c e  developed pe r  whorl  was  126 kg f o r c e / c m 2 ,  wi th  a n  expec t ed  range  of 
105 t o  147 kg /cm2  (95% conf idence  interval) .  T h e  maximum f o r c e  recorded  w a s  5360 kg 
on a whorl  wi th  nine branches  ( t o t a l  b ranch  a r e a  - 36 cm2).  

The  expec t ed  maximum and  a v e r a g e  del imbing f o r c e  fo r  a s t and  of t r e e s  in t h e  t r i a l  a r e a  
w a s  ca l cu l a t ed  using t h e  a v e r a g e  f o r c e  (126 kg/cm2)  and  t h e  maximum and a v e r a g e  branch 
a r e a s  per  whorl. These  va lues  a r e  l i s ted  in Tab le  4. 

T a b l e  4 - C a l c u l a t e d  d e l  i m b i n g  f o r c e  f o r  e a c h  c l a s s  

Diameter class (cm) 15-19 20-24 25-29 30-34 

2 
Maximum whorl branch area (cm ) 3 4 5 0 58 6 6 

Force per maximum whorl (kg) 4300 6300 7300 8300 

2 Average whorl branch area (cm ) 19 28 3 0 3 3 

Force per average whorl (kg) 2400 3500 3800 4200 

T h e  maximum f o r c e  ca l cu l a t ed  exceeded  t h e  max imum f o r c e  observed (5360 kg) in a l l  bu t  
t h e  sma l l e s t  d i ame te r  class.  This may  b e  d u e  t o  t h e  sma l l  number  of measu remen t s  in t h e  
l a rge r  t r e e  s izes,  resul t ing in a n  ove r - e s t ima te  of t h e  required del imbing fo rce .  

CONCLUSIONS 
T h e  resu l t s  in th i s  Repor t  r ep re sen t  a sma l l  s ample  f rom one  fores t .  Some t r ends  w e r e  
ev iden t  wi th  t h e  relat ionship be tween  max imum branch  a r e a  and  t r e e  d i a m e t e r  and  height.  
Fu r the r  work is needed t o  d e t e r m i n e  if t h e s e  relat ionships a r e  valid in o t h e r  fores t s .  
Branching cha rac t e r i s t i c s  will vary  wi th  a g e ,  s i t e  f ac to r s ,  s i lvicul tural  t r e a t m e n t s ,  and  
g e n e t i c  charac te r i s t ics .  

T h e r e  was  a wide var ia t ion  in t h e  r eco rded  del imbing f o r c e s  in re la t ion  t o  t o t a l  b ranch  
a r ea .  Consequently,  f o r c e s  required fo r  del imbing may  vary  f r o m  t h e  ca l cu l a t ed  values. 

This s tudy  provides a base  fo r  f u t u r e  work t o  ident i fy  young a g e  r ad i a t a  pine branching 
cha rac t e r i s t i c s .  More work is  needed  t o  d e t e r m i n e  t h e  relat ionship be tween  f o r c e  and  
branch  a r e a  per  whorl. This t y p e  of in format ion  will b e  valuable fo r  eva lua t ion  of ex is t ing  
and  new concep t s  for  mechanised  delimbing. 
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