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A b s t r a c t :  Huch of  t h e  n o n i n d u s t r i a l ,  p r i v a t e  
f o r e s t  l a n d  i n  t h e  Nor theas t  i s  c h a r a c t e r i z e d  by 
smal l  d iameter  t r e e s  w i t h  low volume. 
Conventional  h a r v e s t i n g  systems used i n  l o g g i n g  
t h e s e  s t a n d s  g e n e r a l l y  r e s u l t  i n  submarginal  
economic r e t u r n s .  O f t e n ,  s m a l l - s c a l e  h a r v e s t i n g  
systems,pave economic advantages i n  t h e s e  a r e a s .  
Time and .mot ion  s t u d i e s  were conducted f o r  s e v e r a l  
s m a l l  t r a c t o r s  over  a  range  o f  s i l v i c u l t u r a l  
t r e a t m e n t s  t o  e s t i m a t e  p r e l i m i n a r y  c y c l e  t imes  and 
produc t ion  r a t e s .  F u r t h e r  r e s e a r c h  i s  p r o g r e s s i n g  
t o  i n c o r p o r a t e  t h i s  and a d d i t i o n a l  s i m u l a t i o n  
r e s u l t s  i n t o  a g e n e r a l i z e d  s t u m p - t o - m i l l  l o g g i n g  
c o s t ,  e s t i m a t i n g  computer package. 
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A s  more and increasing demands a r e  p l a c e d  on 
f o r e s t e d  l a n d s  f o r  t imber  p r o d u c t i o n ,  w i l d l i f e ,  
e s t h e t i c s ,  r e c r e a t i o n ,  h u n t i n g ,  f i s h i n g ,  and o t h e r  
u s e s ,  owners o f  smal l  woodlots  a r e  l o o k i n g  f o r  
c r e a t i v e  ways t o  h a r v e s t  o r  t r e a t  t h e  s t a n d s  t o  
accomplish t h e i r  o b J e c t i v e s .  Much n o n i n d u s t r i a l ,  
p r i v a t e  f o r e s t  (NIPF) land  i s  c h a r a c t e r i z e d  by 
smal l  d i a m e t e r  t r e e s  wLth low volume. Harves t s  o r  
t rea tments  In  t h e s e  low diameter/volume s t a n d s  
g e n e r a l l y  r e s u l t  i n  submarginal  economic r e t u r n s .  
The increased demands on NIPF owners w i t h  s m a l l  
h o l d i n g s ,  coupled  w i t h  s m a l l  t r e e  d i a m e t e r s  and 
low volumes p e r  a c r e ,  p r e s e n t  a s e r i o u s  c h a l l e n g e  
t o  the  l o g g i n g  manager. O f t e n ,  s m a l l - s c a l e  
h a r v e s t i n g  sys tems  have economic a p p l i c a t i o n s  i n  
t h e s e  a r e a s .  

A s e r i e s  of t ime and motion s t u d i e s  h a s  been 
~ conducted on s m n l l - s c a l e  l o g g i n g  o p e r a t i o n s  i n  t h e  

Nor theas t .  S e v e r a l  s m a l l  t r a c t o r s  were s t u d i e d  i n  
a  wide range o f  s i l v i c u l t u r a l  t r e a t m e n t s  and 
o p e r a t i n g  c o n d i t i o n s .  S p e c i f i c a l l y ,  t h e  s m a l l  
t r a c t o r s  inc luded  t h e  P a s q u a l i  933, a  Holder  A60 
F, a  F o r e s t  Ant Forwarder (Skogsmyran), 
Hassey - Ferguson. and a  Same Mini taurus  .la h i s  

'presented a t  t h e  1989 Annual Counc i l  on 
F o r e s t  Engineer ing  Meeting, Coeur 'D Alene,  I D ,  
August 27-30, 1989. 

' ~ e s e a r c h  F o r e s t e r  and I n d u s t r i a l  Engineer ,  
Nor theas te rn  F o r e s t  Experiment S t a t i o n ,  
Bur l ing ton ,  V T  and Horgantown, WV, r e s p e c t i v e l y .  

'The u s e  o f  t r a d e .  f i r m ,  o r  c o r p o r a t i o n  names 
i n  t h i s  p u b l i c a t i o n  is f o r  t h e  i n f o r m a t i o n  and 
convenience o f  t h e  r e a d e r .  Such u s e  does  n o t  
c o n s t i t u t e  an o f f i c i a l  endorsement o r  approva l  by 
t h e  U.S. Department of  A g r i c u l t u r e  o r  t h e  F o r e s t  
Serv ice  of  any produc t  o r  s e r v i c e  t o  t h e  exclusLon 
of o t h e r s  t h a t  may be s u i t a b l e .  

p a p e r  summarizes t h e  machine a t t r i b u t e s .  t e r r a i n  
o p e r a t i n g  c o n d i t i o n s .  and pre l iminary  c y c l e  time 
and p r o d u c t i o n  r e s u l t s .  

MACHINE ATTRIBUTES AND HARVESTING PROCEDURES 

The Massey-Ferguson 184-4 farm t r a c t o r  and t h e  
Same t r a c t o r  were t h e  primary s k i d d i n g  u n i t s  used 
i n  two d i s t i n c t  firewood b u s i n e s s e s  i n  
n o r t h w e s t e r n  Vermont. The f i rewood was produced 
from n o n i n d u s t r i a l  p r i v a t e  f o r e s t s  and was 
marketed i n  t h e  l o c a l  a r e a .  

The Holder  A60 F, Pasqua l i  993, and F o r e s t  Ant 
(Skogsmyram) were s k i d d i n g  u n i t s  s e l e c t e d  f o r j  
t e s t i n g  s m a l l  t r a c t o r s  h a r v e s ~ i n g  i n  low-quql i ty  
s m a l l - d i a m e t e r  hardwoods s t a n d s  i n  s o u t h e a s t e r n  
New York S t a t e .  T h i s  was p a r t  o f  a fuelvood 
f o r e s t r y  p r o j e c t  funded i n  p a r t  by t h e  New York 
S t a t e  Energy Research Development Author i ty  
(NYSERDA). Firewood and pulpwood were produced 
from S t a t e  f o r e s t  l a n d  and marketed i n  t h e  l o c a l  
a r e a .  

The Massey-Ferguson 181-4, a  four-wheel  d r i v e  
60-horsepower d i e s e l  farm t r a c t o r ,  was equlpped 
w i t h  a  JL-456 Farmi winch (Pig.  1). The Model 456 
Farmi winch,  des igned  f o r  50- t o  120-horsepower, 
h a s  a  l i n e - p u l l  r a t i n g  of 10,000 pounds wi th  165 
f e e t  o f  1 /2- inch  c a b l e .  The t r a c t o r  w a s  equipped 
w i t h  c h a i n s  on t h e  r e a r  wheels ,  e x t r a  weights  f o r  
t h e  f r o n t  end,  and calcium c h l o r i d e  added t o  both 
f r o n t  and r e a r  t ires.  No r o l l - o v e r  p r o t e c t i o n  was 
p l a c e d  on t h e  t r a c t o r .  To  add a d d i t i o n a l  weight 
and t o  p i l e  l o g s  a t  t h e  l a n d i n g ,  a bucke t  l o a d e r  
was a t t a c h e d  l a t e r  i n  t h e  t e s t .  

The Same M i n i t a u r u s ,  a  60-horsepower, 
four -whee l  d r i v e  farm t r a c t o r  manufactured i n  
I t a l y ,  was equipped wi th  a  JL-30 Farmi winch with 
a  l i n e  p u l l i n g  c a p a c i t y  of  6 , 6 0 0  pounds and a  drum 
c a p a c i t y  o f  165 f e e t  o f  3/8- inch c a b l e .  The 
t r a c t o r  was equipped w i t h  c h a i n s  on t h e  r e a r  
wheels  and calcium c h l o r i d e  loaded i n  t h e  r e a r  
t i r e s .  E x t r a  weigh ts  were added t o  t h e  f r o n t .  
a l o n g  w i t h  a  bucke t  l o a d e r  f o r  added weight  and 
f o r  deck ing  l o g s  a t  t h e  l and ing .  The t r a c t o r  had 
r o l l - o v e r  p r o t e c t i o n  b a r s ,  b u t  no s a f e t y  cage 
( f i g .  2 ) .  

The Holder ,  manufactured i n  West Germany, v a s  
a n  a r t i c u l a t e d ,  48-horsepower d i e s e l  t r a c t o r .  I t  
was equipped w i t h  a n  Ig land  3000 double-drum winch 
w i t h  a r a t e d  p u l l i n g  c a p a c i t y  of 6,600 pounds. 
The a c c e s s o t y  equipment inc luded  a  dozer  b l a d e ,  a  
r e a r  b u t t  p l a t e ,  f ron t -whee l  weigh ts ,  and f r o n t  
t i r e s  weighted w i t h  calcium c h l o r i d e .  The t r a c t o r  
had a  r o l l - o v e r  p r o t e c t i o n  c a g e  and underbody 
p r o t e c t i o n  pan ( f i g .  3) .  

The P a s q o a l i ,  manufactured i n  I t a l y ,  was an 
b r t i c u l a t e d  frame,  30-horsepower d i e s e l  t r a c t o r .  
I t  was des igned  f o r  smal l  a c r e a g e  fa rms ,  hobby 
f a r m e r s ,  l a n d s c a p e r s ,  n u r s e r i e s ,  and a  second , 

t r a c t o r  f o r  a  "Big T r a c t o r n  farm. The , t r a c t o r  was 
equipped w i t h  a JL-25 s ing le -drum Farmi winch with 
a  p u l l i n g  c a p a c i t y  of 5,500 pounds ( f ig .  4) .  The 
a c c e s s o r y  s k i d d i n g  equipment inc luded  a p r o t e c t i v e  
r o l l  b a r ,  underbody p r o t e c t i o n  pan, f r o n t  bucket 
l o a d e r ,  and weighted f r o n t  t i r e s .  



. .  * - . 
Figure 1--The Massey-Ferguson 184-4 equipped with 
3 1 - 4 5 6  winch. 

Figure 2--The Same Minitaurus with JL-30 winch, 
roll-over protection bars, and bucket loader. 



Figure 3--The Holder A60 F equipped with an Igland 
Jones double-drum winch and roll-over protection. 

I Figure &--The Pasquali Model 993 with bucket, 
roll-over protection, and JL-25 single-drum winch. 



The F o r e s t  Ant, manufactured i n  Sweden, was 
designed f o r  g a t h e r i n g  and forwarding s m a l l  
softwood loads  t o  t h e  main s k i d  t r a i l s .  The 
machine is a n  a r t i c u l a t e d  t r a c t o r  w i t h  a  
12-horsepower, a i r - c o o l e d  engine .  I t  was equipped 
wi th  a  clam bunk and knuckleboom l o a d e r  w i t h  
jaw-type g r a p p l e .  The t r a c t o r  s t e e r i n g  and speed 
were c o n t r o l l e d  by a  t i l l e r  b a r  i n  f r o n t .  The 
machine had no cab and t h e  o p e r a t o r  walked a t  a  
comfor tab le  speed w i t h  t h e  machine fo l lowing .  
There was a  "dead man" c o n t r o l  on t h e  end o f  t h e  
t i l l e r  handle which s topped t h e  machine when t h e  
t i l l e r  b a r  was r e l e a s e d  ( f i g .  5 ) .  

CIIARACTERISTICS OF THE STUDY SITES 

The s t u d y  a r e a s  For t h e  Massey-Ferguson and 
Same t r a c t o r s  were on l o w - q u a l i t y  hardwood s t a n d s  
marked f o r  Firewood produc t ion .  The s t a n d  had 
s t ~ a l t o w  s o i l s  on moderately s t e e p  s o u t h e a s t  
a s p e c t .  Skidding ranged from 4 t o  6 p e r c e n t  on 
primary s k i d  t r a i l s  and 2 t o  22 p e r c e n t  on 
secondary s h o r t  t r a i l s .  The s t a n d s  were 
predominant ly mixed n o r t h e r n  hardwoods w i t h  s m a l l  
pocke ts  of r e d  spruce: Table  1 shows t h e  
c h a r a c t e r i s t i c s  of each s t u d y  s i t e .  

The s tudy  a r e a  f o r  th-e Holder ,  P a s q u a l i  and 
F o r e s t  Ant was on t h e  Harvard Black Rock F o r e s t ,  
i n  Cornwall ,  New York. The two t e s t  s i t e s  were 
s i m i l a r  and l o c a l l y  were c a l l e d  Aleck Meadows and 
Bugs Bunny. The topography was uneven on s l o p e s  
of 0 t o  14 p e r c e n t ,  wi th  s c a t t e r e d  o u t c r o p s  OF 
rock l e d g e s .  Table 1 shows t h e  g e n e r a l  
c h a r a c t e r i s t i c s  of t h e  s t u d y  s i t e s .  

SKIDDING CYCLE TIME AND PRODUCTION RESULTS 

The average time p e r  s k i d d i n g  cyc le  f o r  e a c h  
t u r n  element  is summarized i n  t a b l e  2 .  The sum of  
t h e  o u t h a u l ,  i n h a u l ,  hookup. and unhook.time i s  
t h e  produc t ion  time f o r  e a c h  t r a c t o r .  Hookup. 
unhook, and de lay  t ime is t h e  f i x e d  p o r t i o n  o f  t h e  
t o t a l  t ime s i n c e  t h e  t r a c t o r  is n o t  moving d u r i n g  
t h e s e  elements .  I n h a u l ,  ou thau l  and deck time a r e  
t h e  v a r i a b l e  time e lements .  o r  t h e  t r a v e l  t ime.  
The sum of t h e  p r o d u c t i v e  time and d e l a y  time 
r e p r e s e n t s  t h e  t o t a l  s k i d  time and can  be  
cons idered  a s  t h e  scheduled  machine time. 

The f i x e d  t ime o f  hookup. unhook, and d e l a y  
t ime f o r  each of  t h e  t r a c t o r s  ranged from 63.5 
p e r c e n t  t o  83.8 p e r a e n t  o f  t h e  t o t a l  c y c l e  t i m e ,  
and t h e  v a r i a b l e  t ime of  i n h a u l ,  o u j h a u l ,  and deck 
t ime accounts  f o r  t h e  remaining 15 t o  36 p e r c e n t  
o f  t o t a l  t ime.  The hookup time included 
maneuvering and winching o f  stems i n t o  p o s i t i o n  t o  
complete  a load .  T r e e s  were d i r e c t i o n a l l y  f e l l e d ,  
e i t h e r  away from o r  toward the  assumed t r a c t o r  
p o s i t i o n ,  s o  t h a t  t h e  choker  could be s e t  a t  
e i t h e r  t h e  b u t t  o r  t o p  end o f  t h e  stem. S ince  
winching angles  were n o t  t o  exceed 30 p e r c e n t ,  t h e  
t r a c t o r s  were g e n e r a l l y  p o s i t i o n e d  i n  l i n e  w i t h  
t h e  d i r e c t i o n  of  p u l l .  Three t o  f i v e  chokers  were 
used i n  most c a s e s .  The F o r e s t  Ant h a s  a  
d i f f e r e n t  hookup procedure  from t h e  o t h e r  t r a c t o r s  
and r e q u i r e d  more t ime.  I t s  l i m i t e d  reach  
r e q u i r e d  t h a t  i t  be p o s i t i o n e d  very c l o s e  t o  t h e  
l o g  t o  be  loaded.  Also ,  t h e  F o r e s t  Ant cou ld  n o t  
deck l o g s  a t  t h e  l a n d i n g .  

Figure 5--The F o r e s t  Ant equipped w i t h  clam bunk 
and k~~ucklebootn l o a d e r .  



Table 1--Ct~oracteristics of the study s i t e s .  

--- 
Study Average 

Basal area Skidroad slope 
Loaded 

Tractor type s i t e  t ree skid Typc of cut 
dbh Precut Postcut Primary Secondary No. direction -- 

a 

Inches f tC per acre Percent 

Masscy-Fcrguson 1 9.4 109 80 4 22 Dowtitiill Sclcction 

Massey-Ferguson 2 10.3 90 0 6 17 Uphill Regenerot ion 
clearcut 

Massey-Ferguson 3 10.3 90 0 6 2 Uphill degeneration 
a ?' clearcut 

Same 4 11.0 110 85 5 15 Downhill SelecLion 

Pasquali 4 8.6 116 76 0 14 Uphill I.owtllirining 

Holder 4 8.6 116 7 6 0 1 11 Uphill Low Lhinning 

Forest A n t  5 8.4 96 7 1 0 12 Uphill Low th i t i n i~~g  

Table 2--Summary of cycle-time elements. 

Tractor 
---.- -- 

Cycle time elements 
(Number of S t a t i s  t i c s  

-- 
Productive Dclny I 'ot:~ I 

observations) Outhaul Hookup Inhaul Unhook Deck time time time 

Average t irne 

Elassey-Fcrguson a ( m i n .  ) 5.30 11.15 4.68 5.74 - - 26.88 7.26 3'1.1fl 

(119) Std. dev. 2.02 11.58 2.15 2.81 - - 12.86 9.09 1FJ.5!1 
Percent of 

t o t a l  time 13.40 41.60 11.88 14.57 - - 78.73b 21.27 l o ~ o o  

Average time 

samea ( m i n .  ) 11.58 13.69 10.73 7.39 - - 43 .'lo 17.74 61.111 

(32) 
Std. dev. 5.63 9.28 4-73 3.33 - - 14.58 31.25 31.12 
Percent of 

to ta l  time 18.94 22.39 17.55 12.09 -.. 70. 9ab 23.02 100.11~ 

Average time 

~ o l d c r ~  ( m i n .  ) . 2.50 . 10.30 2.50 4.20 0.30 19.80 3.90 23.h0 
('15) Std. dcv. 0 57 2.45 0.65 1.20 0.59 - - 4.36 5 

Percent of 
t o t a l  time 10.60 43.60 10.60 1 ~ 4 0  1.30 83. 5ob 16.50 100,OQ 

Average time 
(min. ) 2.70 9-60 2.70 1.70 .20 16.90 8.3 25.20 

Std. dev, 1.08 3-71 98 .64 .66 - - 20.112 21.22  
Percent of 

t o t a l  time 10.70 38.20 10.70 6.70 .80 67 .10~  32.90 1 0 0 , s  

Average time 

Forest ~ n t "  (min. ) 2.50 13.50 2.00 1.00 -- 19-00 9.10 28.10 
(30) Std. dev. 1 .03 4.24 1.00 58 -- - - 12.27 13.q1 . 

Percent of 
t o t a l  time 8.90 48.20 7.10 3.50 - - 67. 7ob 32.30 lOO-$U 

" ~ l c ~ n  skid distance or  878. 2.133. 627, 402. and 237 fee t ,  respectively, 



p r o g r e s s i n g  t o  i n c o r p o r a t e  t h i s  nnd a d d i t i o n a l  
f a b l c  3 stlows t h e  mean p r o d u c t i o n  d a t a  f o r  each  results into a 

t r a c t o r  s t u d l e d .  For t h e  Hassey-Ferguson,  each s t u m p - t o - m i l l  logg ing  c o s t ,  estimating computer t u r n  produced 3.78 s tems w i t h  n mean volume o f  
package.  0 .59  cord .  Produc t ion  averaged  1 .32  c o r d s  p e r  

product  lve  hour o r  1 .04 c o r d s  p e r  scheduled' hour  
The c y c l e  t ime and produc t ion  e s t i m a t o r s  w i l l  

(vi thou t  d e l a y  t ime) .  The machine u t i l i z a t i o n  
r a t e  was 78.7 p e r c e n t .  be developed s o  t h a t  s i m i l a r  v a r i a b l e s  such a s  

s l o p e  y a r d i n g  d i s t a n c e ,  volume p e r  t u r n ,  l o g s  p b r  . - 
t u r n ,  and voiume p e r  l o g  a r e  included by mnchlrra 

The Same H i n i t a u r u s  produced a n  average o f  3 .98 
i n  each  c y c l e - t i m e  e s t i m a t o r .  The s i m i l a r i t y  i n  

stems w i t h  a mean volume o f  0 . 8 3  c o r d  per  t u r n . '  p r o d u c t i o n  v a r i a b l e s  e a s e s  comparison o f  m.?clli~le The d a i l y  p roduc t ion  averaged  1 . 1 2  c o r d s  p e r  
t i n s  and produc t ion .  llaving s i m i l a r  v a r i a b l e s  In  p roduc t ive  hour o r  0.80 c o r d  p e r  scheduled hour  
each c y c l e - t i m e  e s t i m a t o r  a l s o  s i m p l i f i e s  t h e  (wi thout  de lay  t ime) .  The machine u t i l i z a t i o n  

r a t e  was 71.0 p e r c e n t .  s i m u l a t i o n  e f f o r t s .  

The l lolder  produced a n  a v e r a g e  of 5.67 s tems on 
eacli t u r n  with a  mean volume o f  0.61 c o r d .  The 
produc t ion  averaged 1 . 8 5  c o r d s  p e r  p roduc t ive  hour  
o r  1 .54  cords  p e r  scheduled  hour  (wi thout  d e l a y  
t i m e ) .  The machine u t i l i z a t i o n  r a t e  was 83.5 
p e r c e n t .  

The c y c l e  t ime  and p r o d ~ c t i o n ~ e s t i m a t o r s  shown 
by machine, a l o n g  w i t h  a range *of s t a n d  and f o r e s t  
c o n d i t i o n s ,  would.be used  a s  i n p u t  t o  s e l e c t  
v a r i o u s  s i m u l a t i o n  models. The s i m u l a t o r s  would 
b e  r u n  r e p e a t e d l y  o v e r  t h e  range o f  c o n d i t i o n s  oE 
i n t e r e s t .  The r e s u l t i n g  c o s t  o r  p roduc t ion  d a t a  
p o i n t s  by machine and f o r e s t  c o n d i t i o n  would be 

The Pnsqua l i  produced a n  average  oE 3.94 s tems 
p e r  t u r n  w i t h  a  mean h i t c h  volume o f  0.29 c o r d .  
The produc t ion  averaged 1 . 0 1  c o r d s  p e r  p r o d u c t i v e  
hour o r  0.68 cord  p e r  scheduled  hour  (wi thout  
d e l a y  t i m e ) .  The machine u t i l i z a t i o n  r a t e  was 
6 7 . 1  p e r c e n t .  

summarized i n  mathematical  e q u a t i o n  form s u i t a b l e  
f o r  i n c o r p o r a t i o n  i n t o  g e n e r a l i z e d  s tump- to-mi l l  
models. Computerized s t u m p - t o - m i l l  methods could  
be  used  f o r  e s t i m a t i n g  c o s t s  and produc t ion  t h a t  
would h e l p  managers, p lanners .  and l o g g e r s  t o  
de te rmine  where s p e c i f i c  machines a r e  a p p l i c a b l e .  

The F o r e s t  Ant produced an average  of  7.10 
stems p e r  t u r n  w i t h  a  mean volume of  0 .44  c o r d .  
The produc t ion  r a t e  averaged  1 . 3 9  cords  p e r  
p r o d u c t i v e  hour o r  0 .94 c o r d  p e r  scheduled hour  
(wi thout  d e l a y  t i m e ) .  The machine u t i l i z a t i o n  
r o t e  f o r  t h e  F o r e s t  Ant was 67.7  p e r c e n t .  

F o r e s t  landowners and u s e r s  a r e  p l a c i n g  
i n c r e a s e d  demands on t h e  f o r e s t  f o r  a  wide v n r l e t y  
o f  u s e s .  Of ten .  t h e  s i l v i c u l t u r a l  t r e a t m e n t  
needed t o  b r i n g  t h e  woodlot o r  f o r e s t  t o  t h e  
d e s i r e d  s t a t e  w i l l  r e q u i r e  payment o f  t h e  
a s s o c i a t e d  l o g g i n g  and h a r v e s t i n g  c o s t s  i n c u r r e d .  
G e n e r a l l y ,  t h e  revenues  t o  o f f s e  t t h e s e  c o s t s  
d e r i v e  from t h e  v a l u e  oE t h e  wood h a r v e s t e d .  I t  
is n o t  i n t e n d e d  t h a t  t h e  r e s u l t s  p resen ted  i n  t h i s  
p a p e r ,  o r  t h e  a d d i t i o n a l  r e s e a r c h  mentioned, w i l l  
p r o v i d e  a l l  t h e  answers  on t h e  b e s t  management o f  
t h e  woodlot  o r  f o r e s t .  But t h e s e  r e s u l t s  
summarized w i t h  t h e  r e s u l t s  of r e s e a r c h  i n  
p r o g r e s s  should  p r o v i d e  managers, p l a n n e r s .  
l o g g e r s ,  and landowners w i t h  d e t a i l e d  and a c c u r a t e  
l o g g i n g  c o s t  e s t i m a t o r s .  The e s t i m a t o r s  cou ld  .be 
used t o  e v a l u a t e  and q u a n t i f y  t h e  t r a d e - o f f s  posed 
by d i f f e r e n t  f o r e s t  u s e s  and a l s o  a l low f o r  
equipment comparison and s e l e c t i o n .  

CONSIDERATIONS FOR HANAGERS 

The in format ion  and r e s u l t s  should  b e  v a l u a b l e  
t o  f o r e s t  manngers and p l a n n e r s ,  and t o  l o g g e r s  i n  
e v a l u a t i n g  the  p o t e n t i a l  o f  s m a l l  t r a c t o r s  
o p e r a t i n g  i n  low-volume, s m a l l - d i a m e t e r  hardwood 
s t a n d s .  Although t h i s  m a n u s c r i p t  on ly  summarizes 
c y c l e  time and p r e l i m i n a r y  p r o d u c t i o n  r e s u l t s ,  
r e s e a r c h  i s  under way t o  deve lop  d e t a i l e d  
comparable c y c l e  t ime and p r o d u c t i o n  e s t i m a t o r s  
f o r  t h e  d ~ t a  s e t  d e s c r i b e d .  F u r t h e r ,  r e s e a r c h  is 

T ~ b l e  3--Mean produc t ion  data f o r  each tractor. 

Machine Cord volume Cord volume 
Number o f  stems Volume T r a c t o r  p e r  t u r n  u t i l i z a t i o n  p e r  p rodugt ion  p e r  s c h e p l e d  p e r  t u r n  rate h o u r  hour 

3 ft Cords P e r c e n t  

Massey- Ferguson 

Snme 

Pasquoli  

F o r e s t  Ant 7.10 34.9 .44 67.7 1.39 .94 

% i t h o u t  d e l a y  t i m e .  
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