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EVALUATION OF LOGQUIP SMART ARCH 
R. P. Prebble 

INTRODUCTION 

The  Logquip Smar t  Arch  (Ref.  1) was  
designed t o  improve  t h e  product ivi ty of 5 0  t o  
6 0  kW t r a c t o r s  in logging. It  was  developed 
by c o n t r a c t o r ,  R.  Lin-ton, w h o  had  t h e  
p ro to type  built  e ighteen  months  a g o  a n d  has  
used i t  e v e r  since. The bas ic  pr inciple  of 
t h e  S m a r t  Arch is  t h a t  i t  t r ans fe r s  t h e  
weight  of t h e  load f rom t h e  back  of t h e  
t r a c t o r  t o  t h e  ca s to r  wheel through t h e  
fa i r lead  of t h e  Arch. This is  done  wi thout  

a d v i c e  o n  t e c h n i c a l  d e t a i l s ;  a n d  C a x t o n  
P a p e r  M i l  1 ' s  O m a t a r o a  F o r e s t  s t a f f  f o r  
p r o v i d i n g  a  s u i t a b l e  t e s t  s i t e  a n d  a 
l o a d e r  f o r  w e i g h i n g  l o g s .  

CONTROLLED TESTS 
The control led t e s t i ng  was ca r r i ed  o u t  t o  
accu ra t e ly  measu re  t h e  d i f f e r ence  in 
pe r fo rmance  of t h e  C a t  D3B t r a c t o r  when 
used in t h e  following conf igura t ions  : 

sacr i f ic ing  t h e  manoeuvrabi l i ty  o r  f lexibi l i ty  (1) With a t o w e d  a r c h  
of t h e  t r a c t o r  because  t h e  Arch is  connec td  ( 2 )  Pulling d i rec t ly  off  t h e  winch 
by t w o  pins t o  t h e  r e a r  of t h e  machine,  and  (3) With t h e  Logquip S m a r t  Arch 
c a n  b e  l i f ted  c l e a r  of t h e  ground when no t  (4) Through a n  in t eg ra l  a r c h  
loaded. 

The  Logquip S m a r t  Arch showed considerable 
poten t ia l  even  in i t s  or iginal  p ro to type  form.  
LIRA eva lua t ed  t h e  unit and th is  Repor t  
descr ibes  t h e  control led t e s t s  and  product ion 
t r i a l s  done. 

F i g u r e  1 - S m a r t  A r c h  b u t t  p u l l i n g  
o n  t o  the s k i d  a t  O m a t a r o a  F o r e s t  

These  t e s t s  cons is ted  of t im ing  t h e  machine  
pulling t h e  opt imum d rag  s i ze  (i.e. w h a t  i t  
could walk comfor tab ly  wi th  on  f l a t  ground) 
ove r  t h e  c i r cu i t  t e n  t imes ;  f ive  in a b u t t  pull 
s i tua t ion  and  f ive  wi th  head  pull. The  t e s t  
c i r cu i t  cons is ted  of a n  unprepared t r a c k  
through a thinned s tand  of 14 yea r  old 
r ad i a t a  pine. I t  incorpora ted  a 10  m sec t ion  
of  uphill s lope (+ lo%) ,  a 10  m sec t ion  of 
downhill  s lope  (- lo%),  and  10  m on  f l a t .  To  
avoid excess ive  t r a c k  d is turbance  a f f e c t i n g  
following configurat ions,  t w o  uphill and  t w o  
downhill  t r a c k s  w e r e  se lec ted .  Table  1 
summar ises  t h e  r e su l t s  of t h e s e  trials.  

F rom t h e  Table,  i t  c a n  b e  s e e n  t h a t  when 
b u t t  pulling t h e  towed a r c h  w a s  capab le  of 
pulling a bigger d rag  than  a l l  t h e  o the r  
configurat ions.  The  S m a r t  Arch could handle 
a similar  d r ag  s i ze  t o  t h e  towed a r c h  when 
head  pulling, b u t  at slightly f a s t e r  t r a v e l  
speeds,  i.e. .06 km/h  downhill, and  .13 km/h  
uphill. Note  t h a t  when compared  wi th  t h e  
S m a r t  Arch,  d r a g  s i ze  was  lower when 
pulling d i rec t ly  off t h e  winch, and  lowes t  

ACKNOWLEDGEMENTS with  t h e  in tegra l  a rch .  Larger  d rag  s izes  - - - 
w e r e  t r ied  in both  t h e s e  l a t t e r  

L I R A  a c k n o w l e d g e s  the s u p p o r t  a n d  
configurat ions,  b u t  t h e  machine  w a s  unable a s s i s t a n c e  o f  d e s i g n e r / c o n t r a c t o r ,  R .  

L i n t o n ,  f o r  h i s  c o - o p e r a t i o n  d u r i n g  the 
t o  c l imb t h e  10" adve r se  g rade  wi thout  
winching. It  is in te res t ing  t o  n o t e  t h a t  t r i a l s ;  m a n u f a c t u r e r ,  N .  P r i  t c h a r d ,  f or  
general ly uphill t r a v e l  speeds  wi th  head  pull 
w e r e  ac tua l ly  f a s t e r  t han  with b u t t  pull. It  

Ref 1 : Pr i tchard ,  N.; Linton, R. The  Logquip is presumed t h a t  t h i s  is  a funct ion of t h e  
S m a r t  Arch for  Small  Crawler  T rac to r s  - weight  dis tr ibut ion of t h e  d rag  ove r  t h e  sho r t  
LIRA Technical  Release  Vol 8 No 3 1986. 10 m incline. 



T a b l e  1  - Drag  W e i g h t s  a n d  T r a v e l  S p e e d s  R e c o r d e d  i n  C o n t r o l l e d  T e s t i n g  

Tractor  Type of No. of Drag  10" Travel  Speeds 10" 
Conf i g u r a t ~ o n  Pull Logs Weight Favourable F l a t  Ground Adverse 

L Towed Arch But t  6 3.19 2.13 2.10 1.29 
Head 5 2.48 2.13 2.00 1.30 

LYiinch Only But t  4 2.23 2.10 1.91 1.16 
Head 4 2.23 2.05 1.90 1.26 

S m a r t  Arch But t  5 2.48 2.33 1.95 1.41 
Head 5 2.48 2.19 1.99 1.43 

Integral  Arch But t  4 1.70 2.46 2.03 1.35 
Head 4 1.70 2.38 2.03 1.54 

F i g u r e  2 - T h e  b r e a k o u t  p h a s e  o f  a c y c l e  
e x t r a c t i n g  over R o u t e  2 w i t h  t h e  

S m a r t  A r c h  

PRODUCTION STUDIES 
In production studies,  t h e  per formance  of t h e  
D3B C a t  and S m a r t  Arch was  compared  wi th  
t h e  s a m e  machine f i t t ed  with a n  in tegra l  
a r c h  (considered t h e  mos t  common 
configurat ion used on 50 kW t ractors) .  

The  operat ion was a f i r s t  thinning of 14 year  
old rad ia ta  pine in a s e t t i ng  with a mixture  
of uphill and downhill ex t r ac t ion  t o  a skid 
s i t e  loca ted  a t  t h e  road edge.  The t w o  main 
ex t r ac t ion  routes  used during t h e  s tudy a r e  

A to t a l  of 47 Smar t  Arch cycles  and  53 
in tegra l  a r ch  cyc le s  w e r e  recorded over  t h e  
fou r  day  study b u t  no t  a l l  w e r e  considered in  
t h e  analysis. (The discarded cyc le s  w e r e  
over  sho r t  d is tances  with a wide variat ion in 
p iece  sizes and could not  b e  used in t h e  
comparison.) 

Each d rag  was  individually sca led  f o r  volume 
a t  t h e  landing. In t h e  analysis  of t h e  resul ts ,  
t h e  common e lements ,  not  influenced by 
machine  configurat ion,  (i.e. breakout ,  delimb, 
unstrop, etc.) were  ca lcula ted  as a t i m e  per  
piece. Travel  t imes  a r e  ca lcula ted  on a 
d is tance  of 150 m, and then  t rave l  speeds  
( indicated in brackets )  a r e  derived f rom 
a c t u a l  t i m e  over  distance.  

Drag  volumes a r e  derived f r o m  averaging t h e  
p iece  s i ze  e x t r a c t e d  over t h e  par t icu lar  
route ,  and multiplying by t h e  number of 
pieces pulled. Bush t r ave l  loaded speeds  
include t h e  t i m e  taken  t o  drop and winch. 
Daily production e s t i m a t e s  a r e  de t e rmined  by 
dividing cyc le  t i m e s  in to  415 minutes  and  
multiplying t h e  ave rage  d rag  s i ze  by t h e  
number of cyc les  per  day  (assuming 6.9 
productive machine hours pe r  day). Because 
of t h e  varying na tu re  of t h e  t w o  ex t r ac t ion  
routes ,  t h e  machine cycles  over  t hem have  
been  analysed separately.  

- 
shown in Figure 3. - T r a v e l  l o a d e d  d i r e c t ~ o n  

T r a v e l  l oaded  d l r e c t l o n  

15" 1-3" -3" +2" -3"-.-2" -. + 
E x t r a c t ~ o n  R o u t e  I  

Extraction R o u t e  2 Sk lds l t e  

F i g u r e  3 - P r o f i l e  o f  E x t r a c t i o n  R o u t e s  1 a n d  2 



Route 1 

Route  1 was a 240 m long, f o r m e d  t r a c k  t rave l ,  ranging in s lope  f rom +5O t o  +14O. 
t ravers ing  a ridge in to  a second c a t c h m e n t  Table  2 summarises  e l emen t  t i m e s  f o r  
a rea .  It  included over 160 m o f  loaded uphill ex t r ac t ion  over  Rou te  1. 

Table 2 - Element Times fo r  Extract ion Route 1 

Element  S m a r t  Arch Integral  Arch 

No. of cyc les  

Travel  empty1-  skid 
- bush 

Position 
Dismount (and re lease  l i f t ing s t r o p 2 )  
Breakout  
Travel  loaded1 - bush - walking 

- winching 
- skid 

Delimb 
Unstrop 
Winch in (and raise arch1) 
Butt ,  f l e e t  and blade skids 
Delays 

Element  Times  (min) 

.35 .24 
2.28 (3.94 km/h) 2.15 (4.18 km/h) 
.39 .57 
.16 . I 1  

5.21 (4.33 pieces) 4.69 (3.90 pieces)  

-46 .46 
1.48 (4.33 pieces) 1.34 (3.90 pieces)  
.43 1 1  .39 I1 

.21 .12 
1.06 I I .95 I I 

.92 .88 

Tota l  cyc l e  t imes  16.14 15.96 

Average  d rag  volume 

Predic ted  production (daily) 

1 Notes  : Calcula ted  for  a 150 m s tandard  haul 
This e l e m e n t  only occurs  wi th  t h e  S m a r t  Arch 
Based on ave rage  p iece  s i ze  of 0.39 m 3  

(Note : A l l  t imes are expressed i n  decimal minutes)  

It  can  be  seen  f rom Table 2 t h a t  t r ave l  
empty  speeds with t h e  Smar t  Arch w e r e  
s lower t h a n  with t h e  in tegra l  arch.  This i s  
due  t o  t h e  f a c t  t h a t  t h e  machine  had t o  t u r n  
and reverse  up t h e  +20° slope f rom t h e  
landing t o  t h e  t o p  of t h e  hill, t hen  tu rn  again  
t o  cont inue  down t h e  o the r  side. With t h e  
in tegra l  a r ch ,  i t  w a s  able  t o  c l imb t h e  s lope 
forwards  f o r  40% of t h e  t ime.  The  r e l ease  
l i f t ing s t rop  e l e m e n t  in t h e  S m a r t  Arch study 
added only .04 minutes t o  t h e  overal l  cyc l e  
t ime.  

While a c t u a l  recorded breakout  t i m e s  were  
significantly longer during t h e  S m a r t  Arch 
study,  i t  was  purely a funct ion of t h e  t y p e  of 
bush being worked a t  t h e  t ime ,  and no t  
r e l a t ed  t o  t h e  machine  configuration. 
Standardising these  e lements ,  using a v e r a g e  
t i m e  per  p iece  f rom both configurat ions 
multiplied by t h e  a c t u a l  number of pieces,  
makes  t h e  d a t a  more  comparable.  Bush 
t r a v e l  loaded speeds were  f a s t e r  with t h e  

Smar t  Arch (by .60 kmlhr).  Winch in (raise 
a r c h )  was  longer wi th  t h e  S m a r t  Arch 
because  i t  en ta i led  linking a cha in  s t rop  in to  
t h e  g r a b  hook on t h e  canopy be fo re  winching 
in. Delay t i m e s  a r e  t h e  ave rage  t i m e  lost  
pe r  cyc le  f o r  e a c h  configuration. 

As t h e  Table shows, predic ted  daily 
production with t h e  S m a r t  Arch would b e  
4.0 m (1 0%) g r e a t e r  than  t h e  in tegra l  a r ch  
when ex t r ac t ing  over  th is  route .  

Route 2 

The second ex t r ac t ion  r o u t e  w a s  a part ial ly 
fo rmed  t r a c k  which skir ted t h e  base of a 
hill, and acces s  t o  t h e  fel led wood was  
achieved by reversing up f rom t h e  t rack .  

Table 3 shows t h e  cyc le  t i m e s  fo r  ex t r ac t ion  
over  Rou te  2. 



T a b l e  3 - E l e m e n t  T i m e s  f o r  E x t r a c t i o n  R o u t e  2 
-- 

Element  S m a r t  Arch Integral  Arch 

No. of cyc les  17 15  

E lemen t  Times  (rnin) 

Trave l  e m p t y 1  - s k ~ d  
- bu5h 

P o s ~  tlon 
Dlsmount  (and re lease  l i f t ing s t r o p 2 )  
Breakout  
Trave l  loaded1 - bu5h - walking 

- w ~ n c h l n g  
- skid 

D e l ~ m b  
Unstrop 
W ~ n c h  In (and ra15e arch' ) 
But t ,  f l e e t  and blade s k ~ d s  
Delay5 

.30 
1.92 (4.69 km/h)  
.51 
.19 

3.81 (4.94 pieces)  

.42 
1.75 (4.94 pieces)  
.63 1 1  

.23 
1.21 1 1  

.92 

3.22 (4.18 pieces)  

Tota l  cyc l e  t i m e s  14.30 13.36 

Average  d rag  volume 

Predic ted  production (daily) 

Notes  : 1 Calcula ted  for  a s tandard  150 m haul 
This e l e m e n t  only occu r s  w ~ t h  t h e  S m a r t  Arch 
Based on ave rage  p iece  s ize  of .32 m 3  

(Note  : A l l  t i m e s  a r e  e x p r e s s e d  i n  d e c i m a l  m i n u t e s )  

From Table 3, t r ave l  e m p t y  speeds  with t h e  using a n  in tegra l  arch.  While t r ave l  speeds  
in tegra l  a r c h  w e r e  slower than  wi th  t h e  w e r e  comparable ,  t h e  S m a r t  Arch was  
Smar t  Arch over  Rou te  2. Again, t h e  ac tua l ly  quicker  t h a n  t h e  towed a r c h  and  t h e  
r e l ea se  s t rop  and  ra i se  S m a r t  Arch e l e m e n t s  winch only configurat ion,  bu t  s lower t h a n  t h e  
w e r e  longer (by .08 and  .10 minutes  i n t eg ra l  a rch .  No te  though t h a t  d r ag  s ize  of 
respec t ive ly)  b u t  t h e r e  w a s  very  l i t t l e  t h e  i n t eg ra l  a r c h  w a s  31% less  t han  t h a t  of 
d i f f e r ence  in t h e  position e lement .  Bush t h e  S m a r t  Arch. 

loaded 'peeds Over Route were 
Long t e r m  benef i t s  of t h e  S m a r t  Arch were  .28 k m  faster with the  Smart Arch n o t  quantified during the  brief s tudy  period. 

t o  t h e  in tegra l  a rch .  These  benef i t s  could include reduced  t r a c k  
Predic ted  daily production with t h e  Smar t  
Arch is  4.3 m (10%) higher. 

CONCLUSIONS 
In both s i tuat ions,  t h e  Smar t  Arch had t h e  
poten t ia l  t o  out-produce t h e  in tegra l  a r c h  
configurat ion by a n  ave rage  of 10%. During 
t h e  s tudy t h e  ope ra to r  t r ied  t o  load t h e  
in tegra l  a r c h  configurat ion up with la rger  
drags  on severa l  occasions, bu t  wi th  t h e  
e x t r a  weight,  t h e  machine  r ea red  up on  i t s  
back  sprockets  and  excess ive  winching 
resul ted.  

In t h e  control led t e s t s ,  i t  was proven t h a t  
t h e  D3B with a S m a r t  Arch could n o t  pull a s  
much a s  a towed arch ,  bu t  i t  could ou t  
per form pulling direct ly off t h e  winch o r  

wea r ,  f e w e r  dr ive  component  fa i lures  and  
lower fue l  consumption.  Con t r ac to r ,  R.  
Linton, h a s  been  recording opera t ing  hours 
wi th  his machine  and a l ready  t r a c k  l i fe  using 
t h e  S m a r t  Arch h a s  exceeded  t h e  l i fe  of t h e  
original  t r a c k s  when t h e  in tegra l  a r c h  w a s  
f i t t ed .  

This s tudy  has  shown t h a t  t h e  Logquip S m a r t  
Arch will allow sma l l  c r awle r  t r a c t o r s  t o  
i nc rease  t he i r  payloads in thinnings without  
sacr i f ic ing  machine  manoeuvrabi l i ty  o r  
versat i l i ty .  
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