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The bas ic  concep t  of rubber t y r e d  skidders  i s  
t h a t  t hey  a r e  capab le  of sho r t  c y c l e  t i m e s  
through the i r  abi l i ty t o  t r ave l  t o  and  f rom 
t h e  fel l ing f a c e  at  re la t ive ly  high speed.  I t  
i s  well recognised t h a t  a v e r a g e  haul d i s t ance  
plays a n  impor t an t  p a r t  in t h e  product iv i ty  
of skidders  (Liley, 1986). In discussing t a r g e t  
se t t ing ,  Higgins and  Buse (1986) noted  t h a t :  
"The ex t r ac t ion  machine  will b e  t h e  f a c t o r  
t h a t  l imi t s  production in mos t  situations." 

The  t w o  main f a c t o r s  t h a t  l imi t  a skidder 's  
" t rave l  empty"  speed  a r e  s lope and ground 
roughness, through the i r  e f f e c t  on  ope ra to r  
comfor t .  On easy  t e r r a in ,  i t  is t h e  ground 
roughness t h a t  has  t h e  g r e a t e s t  e f f e c t  on  
t r a v e l  speed.  Mechanically, t h e  skidder is 
capab le  of opera t ing  a t  maximum speed. 
However,  t h e  ope ra to r  has  d i f f icu l ty  
maintaining cont ro l  of t h e  machine  when 
t rave l l ing  ac ros s  s tumps ,  s lash,  etc. 

In 1985, Tasman Fores t ry  Limited,  Murupara, 
began exper iment ing  wi th  t h e  concep t  of  
fo rming  t r a c k s  f o r  t h e  ex t r ac t ion  mach ine  in  
t he i r  "old crop" c lear fe l l ing  operat ions.  
Early indicat ions were ;  t racking  increased  
skidder productivi ty,  and  repai rs  a n d  
maintenance  w e r e  reduced.  The bene f i t s  
w e r e  not  quant i f ied  t o  assess  whe the r  t h e  
c o s t  of t racking  w a s  o f f s e t  by increases  in 
production. 

In 1986, LIRA set u p  a compara t ive  t r i a l  in  
Kaingaroa Fores t  t o  e v a l u a t e  t h e  e f f e c t  of  
fo rmed  t r a c k s  on  skidder productivi ty.  T h e  
t r i a l  had t w o  objec t ives  : 

- t o  d e t e r m i n e  if t h e r e  was  a s igni f icant  
i nc rease  in productivi ty by ope ra t ing  
rubber t y red  skidders  off  fo rmed  t r a c k s  
versus  t h e  cutover .  

- , t o  measu re  t h e  levels  of whole body 
vibrat ion t h e  o p e r a t o r  w a s  sub jec t ed  to ,  as 
a means  of  de termining  ope ra to r  c o m f o r t  
leve ls  f o r  e a c h  t r e a t m e n t .  

This R e p o r t  discusses t h e  resu l t s  o f  t h e  t r i a l  
in t w o  s e p a r a t e  pa r t s ;  production s tud ie s  a n d  
whole body vibrat ion studies.  
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THE TRIAL AREA 
F i g u r e  1  - M a c h i n e  r e t u r n i n g  t o  f e l l i n g  
f a c e  i n  t r a c k e d  a r e a .  T r a v e l  s p e e d  The s t and  of  1931 r a d i a t a  pine w a s  loca t ed  
r e s t r i c t e d  b y  g r o u n d  r o u g h n e s s ;  i n  t h i s  in t h e  Matea  region of  Kaingaroa Fores t .  
c a s e ,  s t u m p s  a n d  s l a s h .  Live stocking was  800  s t ems lha ,  wi th  150 

d e a d  s t ems lha .  Average  e x t r a c t e d  s t e m  
volume w a s  1.98 m 3 .  



The  t w o  t r i a l  a r e a s  were  2.2. h e c t a r e s  f o r  Fo r  t h e  2.2 h e c t a r e s  of t h e  t r a c k e d  a r e a ,  a 
t h e  t r a c k e d ,  a r e a  and 2.3 h e c t a r e s  f o r  t h e  t o t a l  of 543 m e t r e s  of t r a c k s  w e r e  fo rmed  
unt racked area.  Both a r e a s  were  s imilar  in (10% o f  t h e  t o t a l  a rea) .  The t i m e  t a k e n  was  
t e r m s  of ;  t e r r a in ,  p iece  s ize ,  haul  d is tance ,  1.8 hours plus a f u r t h e r  0.6 hours  c leaning  up  
and t h e  amoun t  of windthrow. heads  f rom t h e  unt racked a r e a  which had 

The  ex t r ac t ion  machine used f o r  t h e  t r i a l  been  fel led ac ros s  t h e  t racks .  The  c o s t  of 

was  a t h r e e  month old Clark  668D rubber t h i s  t racking  (based on Tasman Fores t ry  

ty red  skidder. I t  was  powered by a Cummins  Limited information) was  $159 pe r  h e c t a r e  

( turbocharged) VT-555, 8 cyl inder  d iese l  o r ,  over  t h e  906 tonnes  e x t r a c t e d  per  

r a t e d  a t  152 kW. The  'machine was  f i t t e d  h e c t a r e ,  $0.18 p e r  tonne.  

w i th  a Weldco paral lelogram grapple.  I t  w a s  
a lso  f i t t e d  with a fully enclosed c a b  f o r  t h e  
opera tor .  PRODUCTION STUDY 

The c o n t r a c t o r  ope ra t ed  a n  out-of-phase 
logging sys tem.  The machine  e x t r a c t e d  wood 
t o  a landing until  i t  was  full. H e  t h e n  
moved t o  ano the r  landing while  t h e  skiddies 
processed t h e  e x t r a c t e d  wood. The  loader  
would then  f l e e t  and/or  load o u t  t h e  wood. 
A t  any  given t i m e  t h e r e  w e r e  four  skids 
being worked. This opera t ing  sys t em 
presented  s o m e  problems in d a t a  col lect ion,  
s ince t h e  skidder e x t r a c t e d  on  t o  t h e  skid 
ad jacen t  t o  t h e  t r i a l  a r e a  f o r  only 
approximate ly  t w o  hours p e r  day.  The  d a t a  
co l l ec t ed  t a k e s  no  accoun t  of smokos, 
downt ime etc. 

Tracking was  ca r r i ed  o u t  using a Caterp i l la r  
D8 supplied by Tasman Fores t ry  Limited,  
Murupara. The  t r a c k s  were  fo rmed  prior  t o  
fel l ing and t h e  f ew t r e e s  in t h e  way w e r e  
uprooted and pushed in to  t h e  s tand.  

A production study was under taken  f rom 
November,  1986 t o  February,  1987. F rom 
t h e  unt racked a r e a ,  134 cyc le s  were  observed 
and 117 cyc le s  f rom t h e  t r acked  a r e a .  In 
addit ion t o  work cyc le  measurements ,  
e x t r a c t e d  d r a g  volumes w e r e  measured  
during t h e  t r ial .  Dis tances  w e r e  marked  o u t  
along t h e  ex t r ac t ion  pa th  prior  t o  ex t r ac t ion ,  
t o  enab le  ca lcula t ion  of haul  distances.  

D a t a  was  col lec ted  using a Husky Hunter  
d a t a  logger which was  downloaded on  t o  a 
personal  compute r  for  subsequent  analysis  
using Sta t i s t ix  (Version 1.1) (Heisey and  
Nimis). 

Table  1 p re sen t s  t h e  resu l t s  of t h e  
production study fo r  t h e  two  a reas .  

T a b l e  1 - Production S t u d y  Resu l t s  

TRACKED UNTRACYED 

No. of Mean No. of Mean 
Element Observations Per Cycle Observations per  Cycle 

Travel empty 

Position 

p ick  up drag 

Travel loaded 

Drop at  landing 

Blade skid 

Blade haul path 

Blade for breakout 

Delay 
-- - 

Total cycle t ime (min) 117 5.40 + 0.33* 134 5.95 L 0.37 + 

Average measured haul 
distance 

(* 95% confidence limits) 



Due t o  t h e  opera t ing  technique ,  t h e  a v e r a g e  
measured haul d is tance  for  e a c h  a r e a  w a s  
qu i t e  d i f f e ren t  (158 m fo r  unt racked vs 
195 m fo r  t h e  t r acked  area) .  Average  
volume pe r  drag,  however, w a s  similar  
(4.9 m 3,  un t racked,  and  4.8 m 3  tracked).  

Using t h e  relat ionship be tween  haul  d i s t ance  
and cyc le  t ime ,  ' t h e  haul d i s t ance  w a s  

s tandardised  t o  1 9 5 m .  T h e  p red ic t ed  
ave rage  c i c l e  t i m e  f o r  t h e  unt racked a r e a  
wi th  a n  a v e r a g e  haul  d i s t ance  of 195 m e t r e s  
w a s  6.47 minutes.  Based on  a 6.5 product ive  
machine  hour day  and a n  a v e r a g e  volume pe r  
d rag  of 4.85 m 3 ,  t h e  comparison be tween  
productivi ty of t h e  t r acked  and unt racked 
a r e a s  i s  given in Table  2. 
In th i s  s tudy t h e  es tab l i shment  of f o r m e d  
t r a c k s  showed a n  inc rease  in productivi ty of 
20%. 

T a b l e  2 - P r o d u c t i v i t y  of the Two T r e a t m e n t s  

DISCUSSION 

TRACKED 

6.5 productive machine hours per day 

Standardised haul distance = 195 m 

Average cycle time = 5.40 min 

Daily productivity = 

(60/5.40) x 6.5 x 4.85 m3 

= 350 m3/day 

Deta i led  analysis  of t r a v e l  speeds ,  b o t h  
loaded and e m p t y ,  revea led  signif icant  
increases  in speed  when t h e  machine  w a s  
ope ra t ed  off t h e  fo rmed  t racks .  Travel  
e m p t y  speed  increased  f r o m  2.3 m/sec ,  
unt racked,  t o  4.2 m/sec ,  t r acked ,  (8.1 km/hr  
t o  15.0 km/hr).  This e q u a t e s  t o  a n  85% 
speed  increase  t ravel l ing on fo rmed  t racks .  
Travel  loaded speeds  increased  f r o m  
1.5 mlsec ,  unt racked,  t o  2.5 m/sec ,  t racked.  
This is a 64% increase  in speed  (from 
5.5 km/hr  t o  9.0 kmlhr) .  

UNTRACKED 

6.5 productive machine hours per day 

Standardised haul distance = 195 m 

Average cycle time = 6.47 min 

Daily productivity = 

(60/6.47) x 6.5 x 4.85 m 3  

= 292 m3/day 

Resu l t s  f rom t h i s  s tudy sugges t  t h a t  in e a s y  
t e r r a in ,  such  a s  Kaingaroa fo re s t ,  a v e r a g e  
haul  d is tance  could b e  increased wi thout  
adverse ly  a f f ec t ing  machine  product iv i ty  
through t h e  adoption of t racking  as a rou t ine  
procedure.  

Although n o t  measured  during t h e  s tudy,  i t  i s  
possible t h a t  t h e  levels  of soil dis turbance,  in  
t e r m s  of a r e a ,  could be  reduced through 
tracking.  The  fo rma t ion  of t r a c k s  con-  

F i g u r e  2 - S k i d d e r  e x t r a c t i n g  l o g  
on f o r m e d  t r a c k  

1 E q u a t i o n :  Y = 1.92 + 0 . 0 2 3 ~  
2 r = 0.53 



c e n t r a t e s  t h e  pa th  t a k e n  by t h e  machine  
both  t o  and  f rom t h e  fel l ing f a c e .  During t h e  
ex t r ac t ion  f rom t h e  t r acked  a rea ,  i t  was 
not iced  t h a t  o n c e  t h e  machine  had  picked up  
a drag,  t h e  ope ra to r  m a d e  as d i r e c t  a l i ne  a s  
possible t o  g e t  back  on t h e  t r ack .  I t  i s  
proposed t o  examine  this  m o r e  closely in 
subsequent  t r ials .  

The  e f f e c t  on  repai r  and  ma in tenance  c o s t s  
of skidders  opera t ing  f rom fo rmed  t r a c k s  is 
diff icul t  t o  quantify f r o m  such  a re la t ive ly  
sho r t  s tudy.  The  measu remen t  of 
ope ra to r  whole body vibrat ion,  a s  discussed 
in t h e  n e x t  sec t ion ,  could b e  used as a n  
indicator  of t h e  longer t e r m  e f f e c t s  of 
t racking ,  on  t h e  machine.  

WHOLE BODY VIBRATION 

The objec t ive  of t h i s  second p a r t  of  t h e  t r i a l  
was  t o  de t e rmine  t h e  e f f e c t  of t r ack ing  o n  
ope ra to r  c o m f o r t  levels ,  as measured  by 
whole body vibration. Since th i s  s tudy  was  
t h e  f i r s t  t i m e  such  measu remen t  had been  
a t t e m p t e d  in t h e  New Zealand logging 
industry, a brief descript ion of whole body 
vibrat ion follows. 

The re  a r e  t w o  points  a t  which vibrat ion 
e n t e r s  t h e  body t h a t  a r e  s ignif icant;  
f e e t l b u t t o c k s  (skidder operator) ,  and  hands 
(chainsaw operator) .  Vibration is measured  
in units  of acce l e ra t ion  (m/s2) .  For analysis,  
t h e  logar i thmic  measu re  dB  w a s  conve r t ed  t o  
t h e  a r i t hme t i ca l  measure  of m/s  '. There  a r e  
f i v e  variables which a r e  impor t an t  when 
evalua t ing  whole body vibrat ion (Kjellberg 
and  Wikstrom, 1985). The  f ive  var iab les  a r e  : 

- Intensi ty - t h e  level  of vibration, i.e. 
154 dB is  more  dangerous  t h a n  120 dB 

- Variation in vibrat ion over t i m e  

- Frequency - d i f f e ren t  p a r t s  of t h e  body 
a r e  suscept ib le  t o  d i f f e ren t  frequencies,  
i.e. 3-4 Hz in t h e  sp ine  o r  60-90 Hz  in t h e  
eyeballs .  The  f requency r a n g e  of i n t e re s t  

t h e s e  problems include; back  problems, 
abdmoninal  pain,  d iges t ive  problems and 
urinary frequency.  

VIBRATION MEASURING EQUIPMENT 

A Bruel and Kjaer  2512 Human-Response 
Vibration Meter  in conjunction wi th  Bruel 
and  Kjaer  4322 Triaxial  seat a c c e l e r o m e t e r  
was  used t o  co l l ec t  whole body vibrat ion 
d a t a .  The  ins t rument  al lows col lec t ion  of;  
equiva lent  exposure  expressed  a s  a 
pe rcen tage  of t h e  al lowed dai ly exposure  
dose  (based on I S 0  2631), t h e  equiva lent  RMS 
vibrat ion leve l  ove r  t h e  period of  o n e  c y c l e  
( th is  i s  a measu remen t  of t h e  t ime-weighted 
vibrat ion levels, t h e  t roughs  and  peaks  a r e  
levelled), t h e  peak  leve l  t h a t  h a s  occu r red  
during t h e  cyc le ,  and  t h e  t i m e  of  t h e  cycle.  
Each ax i s  i s  measured  separa te ly .  Typically 
t h e  recording sequence  s t a r t e d  on t h e  X ax i s  
and  progressed through Y t o  Z and  t h e n  back  
t o  X. 

The  t r iax ia l  s e a t  a c c e l e r o m e t e r  was  
co r rec t ly  or ien ted  on t h e  s e a t  of t h e  
machine  and  periodically checked  during d a t a  
col lect ion.  The  ins t rument  w a s  mounted on  
t h e  f loor  of t h e  c a b  be tween  t h e  ope ra to r ' s  
f e e t ,  secure ly  held by  t w o  f lexible fas teners .  

when measuring whole- body vibrat ion i s  
0-80 Hz. Figure 3 - The Whole Body Vibrat ion  

recording equipment. The s e a t  
- Direct ion - vibrat ion i s  measured  in t h r e e  accelerometer connects t o  the  

direct ions;  head  t o  t o e  (Z axis),  back  t o  back o f  t h i s  u n i t .  
f r o n t  ( X  axis), and  s i d e  t o  s i d e  ( Y  axis). 

- Duration 

The  e f f e c t  of whole body vibrat ion on 
o p e r a t o r ' s  hea l th  h a s  been  well summarised  
by Griff in (1982) in a paper  presented  t o  t h e  
Swedish National  Board of Occupat ional  
Sa fe ty  and  Health. A l is t  of hea l th  problems 
w a s  repor ted  a s  being associa ted  wi th  people  
subjec ted  t o  whole body vibration. Some of 

RESULTS OF VIBRATION MEASUREMENT 

Nineteen samples  fo r  e a c h  of t h e  t h r e e  a x e s  
were  obta ined  f rom both  t h e  t r acked  and 
unt racked areas .  These measu remen t s  w e r e  
r e l a t e d  t o  t h e  volume and haul  d i s t ance  d a t a  
co l lec ted  in t h e  skidder production study.  
Signif icant  reductions in t h e  p e r c e n t  
exposure levels  and RMS levels  w e r e  noted.  
~ h k  fol lowing f igures i l lus t ra te  t h e  reduction.  
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F i g u r e  4 - RMS V i b r a t i o n  L e v e l s  
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F i g u r e  5 - W h o l e  B o d y  v i b r a t i o n  - 
D o s e  p e r  C y c l e  a s  p e r c e n t  of I S 0  S t a n d a r d  

R e d u c t i o n s  i n  RMS v i b r a t i o n  l e v e l s  r e c o r d e d  1978),  w a s  d r a m a t i c  - 45% r e d u c t i o n  in t h e  Z 
w e r e  s i g n i f i c a n t  a t  t h e  95% l e v e l  f o r  Y a n d  a x i s  a n d  o v e r  30% r e d u c t i o n  f o r  t h e  o t h e r  
Z a x e s  a n d  t h e  99% l e v e l  f o r  t h e  X axis.  two .  Such r e d u c t i o n s  a r e  m o s t  e n c o u r a g i n g  
f i e  p e r c e n t  d o s e  P e r  c y c l e ,  based  o n  t h e  a n d  c e r t a i n l y  p o i n t  t o  b e t t e r  l e v e l s  o f  
I n t e r n a t i o n a l  S t a n d a r d s  Organ isa t ion  g e n e r a l  c o m f o r t  f o r  t h e  o p e r a t o r .  
s t a n d a r d  f o r  whole  body v ibra t ion  ( I S 0  2 6 3  1, 



F i g u r e  6 - M e a s u r e m e n t s  b e i n g  t a k e n  
a t  the  l a n d i n g  a t  c o m p l e t i o n  o f  t he  

f u l l  cycle 

DISCUSSION 

Although t h e  s tudy was  of only sho r t  
dura t ion ,  r e su l t s  achieved show po ten t i a l  fo r  
considerable improvements  t o  ope ra to r  
c o m f o r t  through opera t ion  o n  f o r m e d  t racks .  
Such improvements  will undoubtedly resul t  in 
reduced f a t igue  levels  and vibration-induced 
occupational  illnesses. I t  i s  an t i c ipa t ed  t h a t  
f requency recordings will  b e  ca r r i ed  o u t  
during a longer t e r m  s tudy l a t e r  this  year ,  
thus  enabling t h e  ident i f ica t ion  of t hose  
f requencies  t h a t  a r e  reduced by opera t ing  on  
fo rmed  t racks .  

The  long t e r m  e f f e c t  of th is  vibrat ion 
reduct ion  o n  machine  repai rs  and  
ma in tenance  is a m a t t e r  for  conjec ture .  
Given t h e  d e g r e e  of reduct ion  i t  would b e  
reasonable  t o  e x p e c t  repa i r  and  ma in tenance  
c o s t s  t o  r educe  significantly. 

CONCLUSION 

The fo rma t ion  of t r a c k s  f r o m  which skidders  
o p e r a t e  h a s  resu l ted  in a 20% increase  in 
productivity. The  c o s t  of t h a t  t r ack ing  was  
insignif icant  in t e r m s  of t h e  bene f i t s  gained.  

Levels  of whole body vibrat ion a r e  grea t ly  
reduced through t h e  use  of fo rmed  t racks .  
That  reduction will h a v e  bene f i t s  fo r  bo th  
t h e  ope ra to r ' s  long t e r m  heal th  and  t h e  
machine ' s  life. 

Ergonomics, a s  a sc ience  t o  improve  t h e  
s a f e t y ,  productivi ty,  and  profi tabi l i ty of 
logging operat ions,  need  no t  incur l a rge  
cos ts .  
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