
A COWAWSON OF SMALL TWPL RS FOR m N M N G  CENTRAL HARDWWDS 

Abs~sact: Young-grow& h a d w d  forests in the central h m d w d  r e ~ o n  will require 
intensive management if they we to help meet the Nation's increashg demand for w d .  
Such mmagernerrt geneesally will require entries into lfie stands when the trees are small. 
Mmy smdf-scde machines are available for h m e s ~ n g  small w d .  T i m  md motion 
studies were conducted on small-scale logging operations in the Nosheast. The small tractors 
were stu&ed in a wick m g e  of f o ~ s t  and cslpm~ng conditions. The machines include the 
Pasqudi 933, a Holder AmF, a Forest Ant Fon%la&r (Skogsmqrlran), a Same Mitaitaunus, m d  
a Massey-Pergum. The use of small tractors in low-vdume, small-di'uneter h u d w d  
stands is feasible. The Forest Ant should be used only as a f s r w d n g  machine while the 
skidding Ractors--Hotder, Pasqudi, Same: and Massey-Ferguson--should be used in stands of 
medium to Iwge stems and with shorz skid distances. 

As the Nation's demand for wcmd fiber inceases for both wood products and as a source of 
mnewable energy, n~oik: youth-bmwh h a r d w d  forests in the central h a r t l w d  region will 
be q u i r e d  to meet this growing demmd. 

The intensive fopest management required4 to mairat~n a sus~ined  yield and attain the 
prducriaat potentid of the forest land will wuiPe the hmesting of smalldmeter,  
low-qudity trees that am characteristic of the central h u d w d  region. Tim of entries and 
suitabb hamesling equipment must be evaluated to ensure a pmfitable operation. 

Several small-scale harvesting machines with suitable economic and physical features are an 
attractive aften~ativc: to conventional gnr,un&based machines &at have raised profat ability and 
envimnmenral concerns (Huyler et ai. 1984, Turner et al. 1988): 

'Resemh Forester, Mortfaeastem Forest Expehiment Stasion, George ID. m e n  Forestry 
Sciences bbor&tor)l, 705 Spear Street, So. Burllirngron, W 051a03, and I n d u s ~ d  Engineer and 
PPO~KP leader, NoPtheastem Forest Expeniwnt Stiation, USDA Forest Service, 180 emfield 
S ~ m t ,  Morgmtown, W 26585. 

2 Huyler, Neil #. and Chis B. LeDoux. Cycle time quadons for five small tractors operating 
in low volume small &ameter hardwood smds.  USDA For- Sew. Res. Pip. NE-- (in 
p~pmatian). 



0x1 the basis of time and motion sm&es, cost c o m p ~ s o a  and cycle-time equations were 
developed far five small tractors in select stand can&~o%as, ( S e e  Table 1 for chmac te~s~cs  ~f 
the study sites.) The hmesting machhes includd a Pasqudi 933, a Holder AmF, a Forest 
Ant F Q N V X ~ ~ ~  (Skogsmpn), a Same Minimums, and a Massey-IFErgusm (Huyler and 
h D w x  1989). This paper compares the p r d u c t j ~ t y  and cost of these five small tractors for 
select stand can&tions. 

Table l.--Chuactefistics of the study sites 

Tractor S'"*y Averse Eo&& 
site Bas& arm Slci(9roaB s1op skid Type d cut 

fw No. 
trc@ dbh dkarion 

22 mmhnl Selection 

S m e  4 11.0 It0 85 5 15 hwnhill.  Selecectim 

PasquaIi 4 X .6 114 74 0 14 Uphill ]taw &inning 

Holder 4 8.6 71 116 76 0 14 Uphill Low hiwing 

Forest 
Ant 

5 Uphill Low Itl~iming 

MACE-fIm DESC ON 

'Fhe Paquali Modlel993 tractor is nsanufactmd in Italy and was design& for use on small 
farms, Imdscaping projects, and light consmcaion work in municipalities. ]It is power& by a 
30-horsepower engine and has an dculated fimm with four-whel drive. The @actor is 
quipped with a 3-point hitch, live power takeoff 1, m d  a L-25 F m i  l o g a g  winch. 
The winch has a 5 ,500-pod line pulling capacity, spooled with 106) feet of 3/8-inch cable. 
The EPasqudi tractor is 4-112-feet wide and 8-feet long, exclu&ng a 4-fwe bucket. Safety 
s p ~ o n s  include liquid loaded front an<%  as b s ,  roll bar, skid pan, md wheel chains. 

The Holder AgOF tractor is manufacmed in G and was designed for fm use and 
light forestry operations. It is powered by a 48-hmsepwer engine with an miculated frame. 
The tractor is equipped with a 3-point hitch, live power aeerff* and an Emglmd Jones 30g#) 
double-drum winch. The winch has a 6,W-pound-linae pulling capacity, spmled with 120 
feet of 3/8-inch cable. Safety op~oxas includd wheel weight, kbresm cab, rdl bar, and skid 
Pm. 



The Forest Ant is naanufactured in Sweden and was design& to fowmd stems to ;Ebc lllaip 
skid ~ ~ 9 s  in Bage forest oge~aaiolms. This small four-wh%l-&ve V ~ t Q p r  has a 12-honrpower 
engine with an a~caulatd kame. It is qaaipgd with a h u c k l ~ b ~ r ~ a .  ~ o d e r  and darn bunk. 
The m t a r  steering and speed i s  conmlld  by a titfer b x  in fmaa. 'Ehe mrxhirte has cab 
and the operator walks at a comfortable sped  witR the machine falilawiaag. 

The Massey-Ferguson 184-4, manufacturech, in the Unit& States, is a mdum-s im,  
four-wheel-d~.ie fa;m tractor. It has a 60-horsepower diesel en@;nrae and is equippd witfx a 
3-pint hitch and live power takeoff, and a 9L-456 F winch with a line-pulling capacity 
of 10,W pomnds. Tire chains were used on the ~ a r  tires and extra weight added BO the front 
tires. NB tires were lioaded with cdclum chlopide for weight. 

The S m e  Minitaums 60 is manufactured in Italy and designed for small fm use. It is a 
mdum-siae four-wheel drive @actor with a ePQ)-hsrsepwer engine. It is q u i p p d  with a 
3-pint  hitch, live power trlkeoff, and a 5L30 bgging winch. The winch has a 
6,W-pound line pulling capdcity, spmled with 165 feet of 318-hch cable. Qpeisiar~d and 
safety equipment included a bucket loader, front wheel weights, loaded rear tires, wheel chain 
and rotHoverr protection. (See Figures 1 through 5 for illustrations of each of the five wactors.) 

Rgure 1. The: Massey-Ferguson 184-4 q u i p M  wih fi-456 winch. 



F i p  2. The Same Minitraunns with JL-30 winch, roll-over protec~oar bars, and bucket 
foader. 

Figure 3. The Holder A@ F equippd with fir 11gland Jones doable-hm w;snch md roa-over 
prote4:fiobl. 



Figure 4. 'Xhe P:rstjuali Mtdci V93 with bucket, rc~1B.oval.r pmtection, antf JI,-25 rsirmgie dmxrr 
wiilch. 

Figwe 5. Thc I:c~n;at i%nt ujtripywd with clunl brink and knucklebwm 1cr;:der. 

a h  Cmtral HnnZww~d hrmt Conferermce 5% 



The hanvcsring imrcxs for bi8rh the M;asscy-f7ergtai;9pn and Same tn"sacar3rs were ifi :ow-qiaalitgr 
hdtrihxd ~tar\cPs. TWO ~ i t c s  weac markeel for seieccior, cuts and two sites were nnl~ked for 
regea1eratic)n clearctnrs. Tile precut basal iuca ranged i"rc.sna %.I to 1116 squax feet per acre for 
all sites. 

Time-stutiy data wcrc surnnmar2zzd and cycle .tirrte equarions devela-~[xd fix each rractss. 'ne  
cycle-ri~e-re and pr<sdi;ction estirnt-itnas were devclopd usinmg simiE,u variab!es: stop ywding 
&stnnce, krolunrr per turn, nurnber of logs per rum, arad unllmrnc per log. Using sirniiiar 
v r ~ a b l s s  in each cyclc time estirnatitr simpliffncs rtlc con~parisctxa of machine cost %sf 
pr(-tmtucriolil and iit?y simui3tlor1 cd'fost. 'Tzrbk 2 ggives tho xmaean pr~ductiori data BTOF each 
wactor. The M:issey-$;erguson arad I-Xolifes prtxfanccd volmrxaer; of 36.9 and 50.3 caibic feet per 
turn, tesgag:.crivcty. The Sar~se prducc3 the txgese hitch size at fA..li, cubic fa.[ while the 
Paxqudi f~atP the s:naliest at 18.6 cenbic feet p r  turn. me Forcsr Axat was slightly higher than 
the Paseluati at 34.9 ctxbic feet per turn. 

Table 2: -Mearm nrdduetitrn cIata ftlr e:~ce:ta vactor 

+rrl. . Nutnkr . ctor (Nunmkr of Voit~anc Vsllarne Meim skid 
of sterns 

oh?;ir.rvntinns) per stem per iitam efisanct: 
p e a  turn 

Table 3 shows owning and operating md l a b r  hfsurly rate for eke five ~actors. The 
lnvesmlcnt cost for each tractor was based on 1988 new q ~ i p m e n t  cost and any a d w  safety 
and oprhr~ml eqtaaprtlent. 

To C O I I I ~ ; ~ ~ ~ :  the cost of the five tPacer;lsrs for similar nprating conB.itions, we devefopd a PC 
computer pmgriim that held ~ e s p ~ i n  of the prduction vaiabics cr$nstfj.nt while z?ilia,wing others 
to chrtnge irr value, e.6.. volume pcr turn, n u n ~ k r  of logs p r  turn, and vr;dtura~c per a m  hcid 
cuns.tltnt while rht: ~ilope y d i s i g  dhtisraslce was v a - i d .  I'he four w ~ a h l c s  signif'icantfy 
influenced prt.dt.ictiviey and cttst for d lex  aracsors.' l'tre PC ~abgrdm was run sever& 14ntes 
for each machine and combination of vagables. Results were then p p h d  for comparisoaa. 



'Tablie 3.--Owning and opemting m d  labor hourly mtes for the Pasqudi, Forest Ant, 
Massey-Ferguson, Holder, m d  Sam mctm. 

Owning md 
Machine Lab& Tond hom1y 

oprif~nf rate 

Forest Ant 4.27 6.75 11.02 
Massey-Fergussn 5.40 6.75 12.15 

HoXdet 14.42 6.75 21.117 

Same 5.41 6.75 12.16 

"Based on 8988 new equipment cost, depreciation, innsurmce, taxes, imte~st, storage, operating 
cost (fueli, oil, lubricants, n&ntenance, md repair). 
'Labor rate at $S.C)Oflhour plus 35-percent fPinge benefits. 

Pasqila!r o Forest Ant + Massey- Ferguson 0 Holder Q Same 

Figwe 6. Cost per cubic fwt by slope yarding &smce for the Pasquseli, Foxst Ant, Massey- 
Fergaason, I%older, and S8me tractors. Gons%itions: number of brigs per m = 3 ,  vdume per 
tum=35&67 f?, volume per log=I l.$9 f?. 



Figure 6 shows the inapzct of s lop  grading &stmce on cost. Volume per turn was held 
corastmunr at 35.67 cubic feet. Volume per log was held constme at 11.89 cubic feet with 
number of logs equal to 3. As s lop  y d n g  &stmce kczases, the cast per cubic fme 
increases for dl machines evaluard. The Prasqudi tractor is the most c o m p ~ ~ v e  until a 
slope distance of a b u t  l,8W feet is rer%g:hed, a? which time tke Forest Ant is the most 
compefidve. The Massey-%"ePgusona md S m e  mctom are equdlgr comptitive throughout the 
range of stope y a r b g  &stance. The 14o%der tsactoa: is the least c q e @ ; ~ v e  thgBbugf8out the 
variable range. At a slope ymdiwg &stance of about 1,200 feet, it is more econorr;lical to use 
the Forest Ant Fomarder than to skid the same n?m with the Massey-Ferguson, Same, or 
H%o1&r tractor. This ilfust~ates the &vantages of fswwding at longer skid &seataces. 

Figwe 7 shows the impact of sfope yair&ng Bistmce on cost with volume per tam, volume 
per bg, and. number of bgs per turn held constmt at 35.67 cubic feet, 4.44 cubic feet, and 8, 
respectively. For the cornhinapion of number of Iogs and volume per log, the Forest Ant 
fawarder is the most comptitive ahpoughout the rmge of slope y ~ n g  &smce. The Same 
tractor is  the next most competitive with the Pasqudi close behind. 

Pasqua11 e Forest Ant * Massey Ferguson o Holder 7 Same 

Figme 7. Cost per cubic f a x  by slope ya&rag &stance for Pasqudi, Forest ant3 Massy- 
Ferpson, Ho1&r9 and Same tractors. CondEions: n u m k  of logs per em=$, voliume per 
tm=35.67 Ee, volume per logd.46 f?. 



The Massey-Fergusorm and the Holder nacaors are ehe least competikive. This matches 
pracgicaf experience in that the mctors are not being used to capacity when this mauy small 
bgs  are being hooked. The Forest Ant is k s t  when one is operagrag in stands where there 
are many rrnd slnall logs. 

The impact of number of fogs per turn on skidding cost is shown in  Figures 8 and 9. In 
Figrrre 8, number of logs per turn is dlower9 to change wi&in the observd range sf f to 7. 
Tfie vo%ume per fog is held constant at 5 cubic feet with volume per turn ranging frona 5 to 
35 cubic feet. The slope ymditag distance is held constant at 3W feet. The Forest Ant has a 
slight advaneage over the PasquaLi and Massey-Ferguson tractors. The Holder and Same we 
the least competitive, especially when there are 1 to 3 logs per turns md the volume per turn 
is 5 to 15 cubic feet. These ~ s u l t s  show that even when the slope y d n g  &stances are short 
(3W feet), the Forest AM is still at an advantage when small logs are skidded. 

VOLUME PEW TURN $ ~ t " l  

5 10 1% 26 2 5 30 35 

NUMBER OF LOGS PER TURN 

la P;\s~:l~ri l t  e Fotcst A n t  * Massey Forguson LA Holder v Same 

Figme 8. Cost per cubic fma by volum per turn (ft) and number of logs per f.m for the 
Pasquali, Foxst Ant. Masey-kguson, HolQer, and $ m e  tractors. Cm~t ions :  slope yarding 
&sance=300 feet, voume per bg=5 f?. 

Figure 9 shows the impact of larger vo4urnes per log and number of logs on sEd&ng cost for 
a slope yardling distance of 3308 feet. Wen ae: volume per fog is 15 cubic feet, the 
Massey-krguson and the Pasquali rn most compGtive when 1 to 3 logs hooked. With 4 
or more logs per turn, all of the machines are about equally compti~ve with the Same 
showing a slight ad%fantage. "Fhe Forest Act fowder  is nsa cornpe~~ve when handting 1 to 



3 mediuln-size logs. These results consistent with previous resuits in that the fowarder is 
?.nost efficient when the logs as%: small. 

VOLUME PEW TURN !i=t31 

15 30 45 60 75 90 105 

NUMBER OF LOGS PER TURN 

P P;15qtjalr e Fores t  Ant * Massey Ferguson o Holder r Same 

Figurc 9. Cost per cubic foot by volume: per em (f?) and number of bgs per turn for the 
Pasquali, Forest Ant, Massey-Fergusom, Holder, and S m e  tractors. Ccbndiaions: sfope 
ys&ng $istance=3W feet, volume per log=lS f?. 

Figwe 10 simply csnfirms previous results. Slope yx&ng &stance and vdume per turn were 
held at 300 feet and 30 cubic feet, respectively, while numkr of logs per t m  and volume 
pedlog wen= mf%owed to change in vdue over the observed range. The Pasqdali, 
Massey-Ferguson, and the Same rpre about equally comppifive leoughout the range. When 
the vdurne per Ing is 7.5 cubic feet and 4 or more logs m carried per skid, the Forest Ant is 
the most competitive. The skideiing tractors are most efficient when sE&ng few large fogs 
at short skid distances (Figures 1 and 5).  

The impact of increasing volume per m is shown iri F i p  11, Slope &stmce is held 
consrant 3045 feet wi* 3 bgs  per m. It is i n t e ~ s ~ n g  that when voltame per is 25 
cubic feet or higher, the cost curve fm the F m s t  Ant is nealy cmsmr.  'Kis is m e  of most 
f o w a ~  at some payload Bevel. The Massey-Fer~sow, Pasqudi, Sam, md Holkr, are 
about equally compegiitive when the volume per turn is about 4.0 cubic feet or larger9 with rke 
San~ae and Idoldfx hcihding the advmtage at volums per gunrm of 55 cubic feet or largerf This 

matches Practical experience in that few Barge bgs  are best handled with the mctorj md 
f'ew small lags we best hm&ed witb the Forest Ant. 

181 8th C ~ n t r d  E-Hmdwd Forest C~nferenm 



VOLUME PER LOG ! ~ t ~ l  
30 15 10 7.5 6 5 4.3 

NUMBER OF L O G S  PER TURN 

r P a s q i ~ r i i i  (b Forest Ant * Massey Ferguson a Molder r Same 

Figure 10, Cost per cubic foot by voluxm per fog (f?) rand nurnkr of logs per foot fFsh the 
Pasqudi, Forest Ant, Massey-Ferguson, Holder, md S m e  tractors. Con&tions: slope 
y d n g  diistance=3e#B feet, volume per turn-30 ft3. 

MACHINE APPLICAnOMS 

The use of smdl mcto~s as a harvesting tml in low-voluane, smdl-&meter h a r d w d  stands 
is feasible. Timing of entry, type of machine, md careful site selection and layout are critical 
lFactors for ensu~ng a prolEitable operation. 

The Forest Ant should be used only as a limarder and perfoms best in smds hat 
m a y  smll stems over both short 4300 feet or less) and long (1,2W to 1,800 feet) skid 
&stances. Also the terrain should be relatively uniform (slaps up to 115 percent). The 
s k i w g  @actors--Holder, Pasqudi, Same md Massey-Ferpson--we most efficient when used 
in stands with me&un to large stems md with short distances up to 3W feet. 

All d the small @actors have good maneuverability over most terrain and in dlense 
smdl-&meter stands. Other sipscant advmtages obsewed when using small ahactors as a 
litmeskirag tmI are less soil compaction, ease of movement to and from the hmesting m a ,  
and litxHe damage to ahe residual stand. 

8th Cm&A H;arrcfwoOCa Fomt Conference IQZ 



VOLUME PER LOG I F ~ ~ S  
3.3 8.3 13,3 $8.3 23.3 2 8.3 33 -3 

VOLUME PER TURN i ~ t ~ l  

sa Pasquali e- Forest A n t  * Massey Ferguson n Holder r Same 

Figwe l 1. Cost per cubic foot by volurane per Xog (ft33) md vohme per turn (fe) for the 
Pasquali, Forest Ant, Massey-Ferguson, Holder, md Same tractoss. Condifions: slope 
ya&ng distance=3W feet, number of logs per tum=3. 

COMSmEMTIOIL'S FOR MANAGERS 

These results should be valuable to forest mmnmagens and planen  md to loggers in cornparjag 
the potentid applications of small tractom opetadng in bw-volume, smaB.1-diametep h m d w d  
stands. Alhough this paper only sunam~zes the &omp&son d costs for fom probuction 
variables, research is progessing to incovomte these and a ~ ~ o n d  sirnuladon results into a 
computer package for estimating stump-to-mill logging costs. 

The cycle-time and p r d u c ~ o n  es~matoss will be &veBo@ so ha t  similar v ~ a b 1 e s  such as 
g distance, vo1ume per am, logs per tm, a d  voI.ume p ~ r  Bog are kc1uW by 

m x h h e  in each cycle-time estimator. The sidlrasity in prodkac~m vaPiables eases 
comparison of machine tirase and p rdue~on .  Ixaclu&ng similar variables in each cycle- me 
esPimator also simplifies simulation e f h s ,  

Tlne cycle-time and grducfian estimators shown by machine, dong with a range of smd md 
fmest con&tions, waprkl. be used as input to select v&ous sinndaGon m&e.ls. The simuBa*m 



would be run repeatedly over the range of conditions of interest. 'Rie resulting cost or 
production data points by machine and forest condition would be s m e d  in mathematical 
equations suitable for incorporation into generalized stump-to-mill models. Computerized 
stump-to-mill methods that could be used for estimating costs and production would help 
managers, planners, and loggers determine where specific machines are applicable. 
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