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Until 2 few yeers ogo the logylng imdusbry has elweys dependsd upon the "stromg
oxn” mothod of cubtbing pulpwoods That i:s. the pulpwsod lopggers hove depsuded mostly
on » fov strang backs, ith practically no mechines or mwthods which avaided oz
eliminated any of the Mullswork® in pulpwoods

Hlovevor, during the past world mes, varicus pulpwood producing compsnies have
found thet they could not find enough stroug backs to produse the emount of pulpwood
for which the industyy hed o demande Thus they have ‘izee‘n foresd do look for wmothods
machinery to replace tho pulp cutbters, or at leash to make thelr work ensier so that
logging could attract more workers. To this ond, warious tools have been perfectoed
that hove eased the situntion comciderably. These tools, such as the powey chain saws,
powor loedeps, tractors, and the re-sdapted jammers, hawe all helped to facilitatbe
end speed up produstion, New methods in the papor wmills haw aided the lumberjacks,
tooe Tho old drum-borking methods have besm parbially reploacted by the now hydraulie
barkers. These new barkers elininste o lot of the mgk@ of the &mm«%ﬁwm, end
therefore meke it more advisable to oliminete the sape-poelimg metheds in the bushe

The problem of these new methods is the extent to which the mechanizetion cen
be carricd, and whot finowcial benefits will be gained by spocifie eguipment The
economics of mechonizing the logging indestry is nob the only eénsﬁ&emtim ths
pulpwocd operators come wp agsinst, as thoy oust also consider the effoets of
mechenizabion on the workeys, Though this problem is difficult, it can be solveds
However, this peper is not a comcideration of the lumberjeck's idess as bo tho
Tnewefangled gadgets” coming into the woods, bubt & consideration of the economdes
of & machine which has boen put inbs use recomily, and o comparison of two types
of pwlpwood eperabion with emphesis on tho costs and sdvantages of cuche The twe
eperabions arss (1) a chandard hend opevetions end (2) the aforcaentioncd mashiuvs
 operabien, Dobh svelyscs are based on date sollected from operabions of the Patteon

legeing Compawy in Beregs Cowddy, Vichigem.




(2)

The proporby uadey diseussionm is park of secbiom 24, Town 47 Norkh, Fange 32 Wosk,
Berage Coumbys of this section, I have tulken one humdred veves of highlend log bimber
as & reproseptetive cection, Though this wey scem a little immgmms for o treatise
on pulpwood, not saw-log operabions, The mchanizakim process wnder dissussion was
s6% up primrily to toko cave of big, seattered pulpwood which forms o ecnsiderable
park of the Patton Coupany's holdings., The highlend Sype on section 24 _é@m%aﬁm 8
large wnount of big, soatbered spruce and bolsem,

“his scetiom, adjacent to the Patten Lopglug Coumpanyts railroad is &bmx% fifbocn
wiles from Ampsa, Michigan, where the compeny has ibs headquarterse From Amnse, the
pulpwood iz shipped to Vorthern Paper Wills, Green Exeey, %“%!ismm@.. aboud 150 miles
distent, via the Chiceso, 'ilwmukre, 5b. Peul ond Paclfic Rpilroad, The Patten Logging
Company railroad is of standard guage, so thers is mo necessity for re-loading ears.

Tho land is lewsl to rolling, with low hills soatbsred throughout, The s0il is
Cbypiesl of the arog; sendy loam mixed with o 1ot c&‘ glacial rock,

The ctend on the aree iz composed weicly of vellow ‘bﬂ.m&, sugay meples spruce
aund balsem, with a fow other ‘iarieties {(ols, basswocd,. white pine, obc.,) scatborsd
throvghouts As T8 ore not concorned with the log timbew on the aves, It will suffiee
o sey thet the stand avorages sboud six thousend board fect per acre, The f#:mlmma
of the spruce cad belsam are given in i“a‘bl@ 2

The Petben Logping Compenmy, oBihough it owns %e own lends, figures sbumpage
galues ot $2.50 per cord for spruce, aad ULe00 per cord for balsoms This charge faé;-
‘shumpnage is cherged only on the emounh of wood oube The sales welues fow these T
é@a@i@s are (16,50 for spruce and $14.50 for misé;m, These pricos ave for reugh wood
uot peeleds To these prices, a sales cormission ie sdded, as the Pubten Egaggmg
gompany gots e commdssion for csch cord ef pulpwood purchased or produced snd sold
to the Nerthern Papep Mills, This sales semdasion woed not nocessarlly be cdded
o the ssles pries, bub in this eace i% is paid on evwery cerd of wood produced, oo

is dnglnded in the salen valuese
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The following dotailed velm table wus prepared from data m!.ieé by
Sme G. Buell, forester for the Eori;hem Paper ﬁ!ﬂls ami the ?at'&om Logging
c:ermpanm 28 his volume tables were based on tot:al heighk ra:&her then mmhau&ablc
'heighb, I had to refer back to $he date from v&iqb ha drew his volumo tables.
This dote wes collected by hin in western en-eaﬁo; tut has beea gm %o epply
closely to the sems species in MM&@'(S@&K&M&H#)” '

In these volume §sbles the fellawing explamtim will aid zn showing caleulations.
Columns 2, 8, and 4......"......."“3&%& on B. 5‘3. Buell*s volums tebles.
Column 5 ....e...u............u...uxsased on surves aremn from da'&;a eollected b,y ‘
© B. G. Duell, '
COMWD 6 vuveeressruessaransessssansColum § divided by § foot,
Colum 7 besessssnetsrvssnssesvenssnsslolum § divided by @olwm 6.
COLUM 8 sevesvsrorscoveanacrnasonesselolum T divided by 6 Poctk.
Colum 9 .....&..........-...{.........._.,.r;eaa from Basal Aroa ables a.ne. colwnn 8.
COlUTM 10 saessnsvorsessssessonnsansaoComputod from formula Nos = r
| mennsbemananae"sm |
uo.;., 1? maasmmsmm';
and Fos t&?.& *“* when 4 ie 12" ond up.
B 4 is read from solumn 9, .
| Columm ;1.....,.....au..n‘.umwugq Colums 10 is divided by columm 6, This shows
| comparicon betwses B, G. Buell's Pigures and
wine, Verietions mey be due %o differences in
| . curves of merchamteble height end D,B.He
| COMIM 1Zaussrsessssesssnrosconcssons Hooiprooal of Columa 11, -
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The sotual logging oporatien is uswelly wwa by & Jobber or combroshor whe
buys tho stumpege from tho company, does the ontbing, heuling and leading., The

jobtors geacrelly do not own the heavy equipment, bub yent i Trow ¢he compery

Howewor, in 'b?zis‘probiem; 1 hovo assumed that the _em@aﬁy oms and operaboes
he cunp and oguipnent,

‘T.he. principles opplied in this problem wowld met diffesr i epplisd te
o jobbers' operation, rather than & compmuy operstion, though such things ss
gost of reilroad, railroud hauling and protection would not be taken inte

account.
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STANDARD HAYD OPORATION

‘Tho owtting ic done by men vho :m’i","b:f tho niese." That is, they out the bolls
and pile thenm along o strip rond which they cub owd as o pord of their jJob, They
ere poid on 2 basls of ninc cents per stiok with doubles ot eight fnchos end brinles
et dwolwe inches, Thet s, eny stiek aigvi: ine he& on the fop end iz paid for ab the
oo of 18 ¢ tnd those twelve inches end up are paid et the vete of 274, An overage
pulp cuttor vill cut from 80 to 100 sticks of pulp per daye

Prom the strip rosds, the pulpwood is loaded by a two man orew onbo drays. Thoge
mon awo paid b tho rate of 2f per stick with the same double and $riple arrangement
es in cutting. Thecu crews use o team and heul the drays oud %o the wein repd end
nook ther: up into a train fur the sractor bo haul to the Jandinge. The cos® per cord
Por loading is chowm in Table IIT.

| From thiz pay besis and the fovegoing volums tables, we cen now state the cogk

o the compeay o heve thic weod eub andd loaded, |

In Trble IIE, the Pirst four columms are taken direetly from the foregoing
volune toblese The cost o eubl is sirply the rede Gimes the mﬁvzﬁbew of sticks pewr
cord, or p2r olass, &c the coss may bes The rete is buged on ”é“ or the middle
diemctor of the average bols, Thic is nob nbsolubely acourste as soms of the butt
sbicks below the 12 lach D. B. I, ciass will be doubles, bul the nunber of sbicks
so misplaced will be sﬁmll smd in 21l probebility counteracted by the mmber af
bop sbieks vhich will not be deubles ‘:lzx_. the 12 inoh class and vp. The sems applies
to the loa.&iﬁég rate, The ﬁ@a‘ﬁ& " and up® arve simply the tobal coed per class froam
thob Giameter elass and Ve i’,&;&im*, the cesh "D and wp” for the 10 imch slecs is
the eosh of the 10, 12, 14, 16, 13, and 20 inch olassesy the cosk “D end wp” oy the
14 dnoh e“.’is:; is %he ws@s of the 14, 16, 18, and 20 inch classes, olo, The total cosh

per class is the oum of the cutting cost per cord end the losding cask per cord .
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Mese cosbs are the vericble cosbs per cord. The oubblng end loading costs
very twith the sige of the trees cut. This verietion is wathor obvious in whed &
large=tfée sontodns more volume thon o snell troo, Therefores if & large bold is owb
for the seme price as o amall belt, the cord of lerge blocks coshs less, per eard,
%haﬁ‘a,oérd éf spell hlooks, However, sinece the compery pays for doubles and triples,
this cost does not decrease in e rogular curve, bub in e gories of inereases end
decrenses, |
There arc other types of coste vhich are to be considered, Two other types will
be coneidored in this cese, Those are the constent coste per cord, end the fized costs
Pew aoro, The constomt costs per cord ore euch things es bavling; loeding on railroad
cars, and in this case, stumpege, Ttumpage cen bhe classified as aaﬁsdan% poy covd only
if stumpape cherses are placed on each cord as it is owub. If the stwnwage cherges w ore
oheyged on the eruised volume per aors, thom it wowld be plased in the fived por cere
eabororye
In this éase,,the constant coete per cord aros
Tractor Detlessosessvasnsoaoseeseyle00 DEY cords
Looding onbo railroed enwrssseoacs Qéﬁ . @
Hoilrood Beuless savssesssesscece 100 07
wverhea&‘aad.&gwgin for profitess 2.00 aooom
Total consbant 80556esssscsec«-esidetl por covd,
Stompeges for spruse, 92,50 por cordyor o tetal of ¥.A8 constant cost per surds

Por halsam, 1,00 per cord,or a bokal of Be6B consbent cost por cords
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As for the fixed costs per scye in this case it is rother difficult to
doteruine them, as they are also chargesble to the hoydwood velume in the aroa.
Hipwevwer, the rollowing breakdown is what B, &, Busll considers an sverage on
‘he Patten Logging Conpanyy operationss |

ﬂﬁul.ra&ds.uoaoaa@wzgmb;a@atnvtabouugyuqugﬁgpﬁﬁ Per adre.

Y o e ,‘ %
bm&psop’.vuoquanp.w'.ouqn»ﬁpbgvdﬁq-nb‘@nvuutga‘oud 3;-0’8 G g

Redlroadesssovesessconossosssosnnsnsssausess Lo76 % ¥
Protoction, boxes, cruise coste, obG.sseses o280 7 7
Totel £iXod cobessssecacssss seeehBalC ¥ O
Un the haul o tractor is used as the mobivating pm?mm The  tractors are
used on roeds geuerally speced sbout twice through a forby, or choub 880 foet
apart. These roads ore speoed thus meinly for the sawslog volume on the ares,
vathor then the pulpwood, so I have disregerdsd the econonie spacing of these
FORA8,
Prom the cbove dote concerning the vorieble sests and counstemt coste per
cord, we ocan nov meks the following wvalue calowletions vhen cutbing the ontire

sboad of 6% and ups
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Spruce Baloem
i%a.ﬁ.e V&lu@Sau-.coa-a.oen.ﬁo.‘anno$l7o5° CHLIBA BB F T U N VA T OB DGR ;n-ui%lﬁ.&
{lass "A" or
Voariable costs per cord

Sutting costs:

Cost I and up 908,75 $1889,00
Yole I zind up 372; .13 ¢l8psoe miﬁvsg § i*{Etsg edaoasaonnoasisocosnl %eTH

»

Tooding cosie:

Cost 3 oond up 801,94 7318.42 _ .
?010 D and up 24"‘13 Odeocavoasoo&?a gﬁogg @&8449«»»;4»@&“@»»@«;'&0%3 9990

Balonee after deducting Cless "A"
. “ . A s o
OO&ZtS.,wm_ls.OO nnﬂtﬁaucx&ﬁhn:‘qaunuoqeegc@-;t;éz&' 908%1

Class "IY costs or
Congtint costs per cord:
Troator heulescesee 100

toeding on CJP.cov 65

&

2

Tailroad hHUlsmvaoo 1000

iy e 1 et P [ s &

Uvericad and nargin 2,0 § %eB85 ¢ 4,88
te ¥ e & ; &
B&l&ﬁﬂeqosoonga»asnmmoann*oquyg@fsagﬁ BHHEECIVIRAID BV L PORBO IO COODAME ﬁsiig
g ) ©
ﬁbﬁﬂ@’fﬁguuuqbo.maamamqanaamgang 2000 BENEBIGATY IR G EPEBOHEPATDOY 5O 1090
CPL | S e opp . . &
B@.i&ﬁﬂ@mq@ugwp.a.eaaoﬂonu»sqwveow&“iloam BYPSIAO6RUBRONFroaBa0a 0wy & ¥ EY 4419

Class "C" or e o
35,00 X (411 £5400 X 4689

Tixed per ncre coste: Da%f CUSeDEr 00TE Feuk GdUSe sacericonasel 0oB83
x,wgz .
R RS BRTAY + . PR T =Y
iy L ‘ oy, N & , ' Fy
Tokold Vot mﬂlﬁnGﬁopago.adhvugoaqqﬁ 5,02 RO BON OO R LOIBOIOVI AR G 0asa by 5086

This method of amalysis does not chow whother there are suy "zors pergln” trece
in the sbond. Pe do this, we have %o £ing ‘tho meximum emount that cem Le spent on the

varichle eoste por cord. In dolmg this, the elass "¢ costs can he olimincted as these
. » :
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are fized per scre costs and uot weally directly ehargeable o the covdage cub.
Thorefore, by deducting Class "BY costs and sbumpage, we may find the maxinm

smount which can be spent on Class “A" costse

fale values Bolssn
$185050
0Lass Y3Y cocts, ¢ 4665 , b detn
Shunmpege 280 Telb _ 3600 , 5485
- Belenes Tor (loce VA" costs $10435 ' ' 19486

FPron the variabl_e cost Toble (IT1) we moy now determine whed dieusber ldmis
is the most prectisel. fis the total cost per cord class ab the sixz ineh D.B.H.
class is [7.09 per cord for spruce sad 58,58 per cw& for belsam, it is cbvious
thet the mexinus voburs por core will bo obleined by cubbing dows through the six
:i;mh elesss
By so eutbivg wo will obinin a r3tvin per acre ef
2,47 cords spruce @ 15,02 per corfesscessesseyi2440

- ZeEL cords B&ll&ﬁm @ ?03o36 per @Or&.anﬁbnannaac 13..“3 )
» $ 24430

If we only cub to a diemeter limit of eight inches, the return por acre

will bo a5 Polleowss SDEUCS Balsen
fe.los volusGBevcessssvsa aoql'ova nn@mai‘iﬂl?.fbo VeV B VI B HAS OB YD owbpob%lgogo

Class "AY costs:

Cutbing (873,00 - ' $1251 )
2@ I @dﬁrp w o538 292 31 Erer: “:@92%
tonding 194,00 ‘ 3221.22

eds ' .8@ ﬂgaql ads .?G
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Spruse Belsem '
| w0 n T 415,80
¢lass “BY costs 4,465 $4465
Stunpego 2650 1,00
Class "CY costs
5,00 L 4462 45400 X 4548
AL ods .94 12,51 TUEOTeds W94 11,63
- Total Yet Zolence per th&nﬁ@@ﬁngv%QQB qaeuaup@gaaeaﬁﬁﬁ»ocauaa@ga@-popq$ 3.87

2,41 cords spruce & 4,99 por o0Pdesseccssosensssfl2e08
2,92 cords belsem » ®3,87 por cordscsscsconcossoe Aled0

Total net “cturns ney &Cregqsoocqawqa¢uaec@acwoevnaoye$2gp55

The difference in totel return on the arce of 100 acres is,

{24430 less !'23,35 sguels 50,956 X 100 pores equals 96,00

The actunl value per tree is shown in the following tebles (IV). Those tables
arc useful in showing the comperison betwsem pulpwood values and othor utilizetions
mizh ae s logs or chemical wood, It is elsc useful in showing the lncrease in‘
value pei tree ec it grows from one diamoter class o snother, when the operation

iz corried on in the same MANNEP.
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_MACHINE OPIRATION

The mechanilzed operation under comnsideration in based bn the same ares and
goncral set-up as discussed under the standerd landelabor operation. The difforence
oscurs in the hondling of the sewing and loading of the pulpwood hefore the heul
to the railroad, The pulp-cutting nachine wes designed o eliminate the bask~breaking
handling of large pulpwood, at least as muéh‘as possible, To do this, & nethod wos
devised of hondling the pulpwood inm troe lengths until the machine is reacheds The
cutters only foll, limb end top the trees. They are peid at e rate of 1%~¢ per
‘1linear foot for spruce aund lf per foot for balsem. Though in B, G. Bucll's opinion
this is too high, I used this pay rate as it is the rate in use,

Frown the bush, these txae—l@ngth.string@ra are skidded with a D 4 Caberpillar
tractor, The average load for the traetor is three stringers. Actually the capacity
of the tractor is comsiderably more than three stringers, but as the skidding
operation takes place in and among other twscs, the dAifficulty in hendlinmg stringers
is greatly incressed. The tractor is serviced by one hooker ead the operator, who
are paid 0,80 and #1,00 per hour r@speetivﬁly. The $1.00 per hour for the tractor
operctor may be considsred high, but it 1o here assumed éh&t a pood operstor Was
obteined and was paid at that rate to keep him on the jobe By & good operator, it is
meant that the company desires s man who understends this machine keops it im good
ropeir end con ueintein gogd,producﬁion;‘

The tree longth sticks are brought to the tail end of the sewing wmackine by
the tractor. There they are unhooked fron the tractor and then hooked to & cable
ran from 6 winch on the machines The wineh pulls the log up onts the mechime until
a short bullechais catches onto the log. The cable is then whooked and run back
for apother stringer, The bulleschaein keeps the stringer moving through the machine

until the proper length ( eizght feeb, four inches) is past a circuler saw, The sew
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operator then saws the bolt off by pulling the saw {set on & sm.ng,ing arbor) toward
hin. Tac holt drops ombe the toble which has four "dead rollers, aend is relled off
¢he table ombo an eupty dray by the “tebleman.” The table is off the ground aboud
4% feeb, onough so that all the tableman need do is roll the boles off wmbil the dyay
is full. The problem of sorting is negligible as the table-mon cen roll the bolts
to either side.

fne machine, at the time my debte was taken, was powersd Ly a Chevrolot motors
The engineering done on the machine was also very poor and consequently there was
considerable trouble with breakdowns. Since them, the mochine has boen chenged from
gé.s power to dieseleclectrie powers This change-over aud subsequent rebuil&in@; of
%he machine have climinated wost of the numerous shafts, pulleys end el@eﬁes
used previously. It has ulso reduced the number of breakdowns on the job %o
practically none, Therofore, in the opereting ecost, very little allowenee is
made {or repairs.

From the sewing machine, *tshé opera'bi.ox‘i is the seme a8 the stendard eperation.
The heul to the railrcaed is made with tractors end dreys; the loading on the landing
iz done with jommers. |

fhe cost breakdown in this mechonized oporation is divided inbe thres
classifioations as in the previous stonderd oparation, The varisble coste g@? cord,
of Class "A" c;a-sts in this case, will bo folling azid liching, se;wf«_z}g;vopem%ﬁ.oﬁ,
and skidding, {kidding is varisble bocause the average load is four stringers,
rega-rdleﬂs of slze. {1 the meximnm hamim ‘eepacity, in weight, wero obtainable
in skidding these tree 1%@.%&3‘,- the number of logs per load féswm deerease ag
the size inorsased, but the cordage per trip would be aluost constant which would
pzﬂ:‘ skidding in the constent cost per cord alaaéiﬁeatian.}»%e constomt pey cord - .

soshs will be the seme in this case as in the stoundard operetions thet is, bheuling,
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=3

loadiz o roughly the same Top

5

and 1*41%11’0&& haul, The fixed per acre cosbs will 1
camps, roods, protection, ete,

Ao stubed hulore, the cubbing cemsisbs only ai folliing end Limb:
for ot the rate of lgj per liusar Pook for spruce and 1 per foolb for balsone
Tis '-.:ill e the cquivalent of 10¢ per stiek for spruce end 8F pey shiek for
balsane iherefore, with the volume trble givem, we cen calerlate the costs

Y

as in the teble Lolowe The limit placed on She cubbers is thal they shall nod

»ou’i; v tress which cub less than thrce sbicks per treee
For the sliddiog cost por aarci, we nsed The wmachive rate Jov the traobor,

s s

the evorage skidding distence, the speed of skidding per 100 feet snd the
agerage load por bripe

™e muchine rate for the Hrochor is caloulabed ss follows:

Jeehine Make for usterpillar U 4 Urachor,

.L'?'(‘d. Ul ”’“C S Fer ﬂ&»y . Per Houp }Tﬁf" Mi&‘m‘k@
?fi@z!*.."iﬁ(ﬁlt.. alion ! DEQTE

aﬁﬁ days Qqnuvmqgedaqve9@,@&&-3999%%5900 % 0:625 1’04 #
iverege Investment Choyges @ 104 »

$3000 X 4 ﬁ

- equals #2,000 per year *%

1053 of {2000 equals {200 pow year

g% <3 par y@arqaont%I.OQ 0‘125 Qagi #

Feppirs, (Jased on mpai? chaorgos fov three
L 4 traectors in use by P.L.Co over a

poriod of tw yeavs.) ' .78 0,592 0,98 s

s

Total Fined CRATESSsessel T0oYE ' iy wBea

% Includes cherges such as iuborest on eaz":ii;z*i%. investuoad, insurance and $ax0s,
#% Pron Porwula: average iavestmeat squals Mirst cost (¥ plus 1) where ¥ equals ne,
of years machine ig in use,
by lie Matthews, "Cost coutvol in the Logpiung Industry” p. 56.
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Uperay VHerEes . ipg ﬂaz

e . : ’ . & & - X
QP@’."'&JGUZ“’S R OBsewsn0c9spe2gconrosedoyec e ¢ 910{} BHa s 6 B 170 agaaoo#:oc% 1‘@7 #

Pop Minute
e ]

Hoolor!s UoS0S eenvsseavsncsvacescciocsecnse Bo80 socosscn D80 susivcocoes L83 4
Insuranco nud Tooial Yoo 57!‘20‘,“5”@”@@,“n 3;0@ MM@”M' 0e"85 spsrvceeae 0831 ¢
Fusl, 16 gels, jer dey @ 10 ¢ per galesesee 180 soosccess *1}51%?. svousnosas OsSl8 ¢
501180 and frelsCessssnssonasssvusaasasse @il qeuqt@ao""ma 06028 sosssvssae 0,042
0il, B gode in 12 days @ 60 ¢ por galec.cse _ o28 sscseeses 02083 cessevcsoe 04086
Tobal operating ChargoS.cessevescssose 22043 & 2048 88,04 ¢
Total Pixod Cho rg;acu........um.uuv 10:74 ; 1e32 2085
Totel CHErZCOeessesanavnsosoassosooncs HoLed? $ 8,97 %’%5;2? 4
™is gives us the total operating and fixzed charges por ninwbe of operatiom.
To now howe to obbaln the awernge load per bwm end '@s}i@' $imog per durn. To get these
figures, I tinod the skkidding operation seversl tinos,
TIn 52 turns, the aversge time for varicus steps ;'mrez
Bunching Time, -} mine 56 sec, o¥ 1,93 vmizm%m

Hooking time, 1 2L ¢ or 188 ®

Unhooking timo, B3 @ or <55 #
?:mlﬂy tine, . 1" 39 % op L6886 T

Totel Pimed Time por turn,
5 min, 2% sece oOF 5,48

rravel 4ime Por 100 Pecd round trip equels 53,3 886 oF 0,888 minvtos,
e everse Load on thase 63 turae was four trees, (Sobuclly 3,97 trees, bub

! the tractor

wn beke o larger load, I think an swerage of four freeg will b a sale £ig
The overage skiddimg distence wae slighbly over 200 foet on these teips. fz we will

o s e
OGRS mOs

g‘?‘

sse loeber, this diskance iz close seononiceel skidding (ishbancoe
&
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ihe size of oll the trees skidded oub during this bime were tnilied, eund the

average D.u.l: was found to be aboub twelve inches. To corroborabe thess neasurements,

& soals sod count of the nuwnber of picess poy cord wore mads, In 75 cords, it was
. . . B A B - L ' o

found that the average nwmber per cord was 31 bolts. Frem the squebion,=
v ' ;12 @ '

: % '/ p & 2 " A & PR
Vumber of bolts per cord equals | 46 ' - wvhere 4 is the middis Alewnster of vhe
&

average 0olt, we can sbate thabe i 3L equals ( 48 ;| aaed
‘ i) i‘ﬁ f

7 4 | g D B »
d equals™ 46 equals /2120 eguels /86,5 equals 84157
5
ihen from the wolume tables for _.fs‘__pmcei arui bolsaw, we see thab a 4 of 8,187
corresponds o a B.Belle oFf betwoen 1l and 12 incheos for both species. This places:
Thew both in tho 12Y D.Beils class es ¢he clossification used by the P.le (s, iz a
2 dnch classe
" Thercirore, the uverage load por trip iss
Spruces & troem K 0,252 cords per troe oquals 00928 cords.
selsunt & troes X 0.189 cords per bree oquals 0,676 cordse
fhen at ;ﬁaf“iis alnntes ‘per‘ 0 Leob, the cost of weviug a cord m&) et san be dobermined.
Ve 336 ninubes G Go37¢ / x:;:‘is.iu‘i:a = Qo2 cords of spruce cquals S.90¢ por corde.
0o 305 ulnubos @ Ge27¢ / minute - Ua? cords of balsem equsls Te66f por corde
Ag the 1éeracmt~age ol i,ize total volume { 8 duchosn DebeHs and wp) is wnob equally

o

divided bebwsun spruce and balsam, we nust wolght these cesls to find the avesmags

B

—f

cosh of skidding n mixed cord 100 feebs
‘cpruces 4lol of the total volmue @ 5496 por sord equels Reds

Baloan BSeSE of the botel vwolume ® T.66/ gor gord cousls
N 44 I £ & "L .

£o5Y,

Tovel cost o skid avorage minsd cord 100 foch is 6496 oF TeOf

& Doveoloped by e M, Hatthows, Adna Arber, llichigane
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Te now come to the esalysis of the maehim ’ﬂ;g’émtiaﬁq To musty of T@i"@*ﬂsﬁlw"'; -

- obtain a machine rate foar *!:he mahina. f‘his gan bs dam ixz %:m sams. ;mmr as i;lne -

,,,,,,

::machina z”te fo“ the tmi;ef ma cal&ulateda o

Mﬂachme Ratas,

- _Per Howr. = Per Hinutes

v ';'\é'ji%ced Charges: N -

Origmal Costoresss n@? 400

Idl.fs;-,ennnp-c,ycs_.@n.gg ) GOO days - ) _

Dﬁpm@iationov ] gf#’ ¢ '1524‘00 LA dgdgegea -“‘tsﬁéloa . @epaesa %QQEGO ) ﬂﬂ*!&ﬁ!‘_»ﬂ:ua% ¢
Interest charges on

Avorage investment @ 10%

$2400 X 4 equais 31600 pez- yoars

’1600 8 10% qu.w alﬁo fﬂu’ 300 éay T eew -8 Qcﬁﬁ? if'&‘g.v i@ 0 0e83 oo Nn +0 Glsa
Repa:lm. $500 pﬂ? 3’ W { 200 ) RITXR wEaan %459 . assewd Qt513 P tn@ 523 ,
Total ma Ghﬂ!’aﬁﬁq PPRBEERSEEEOIO TN @%yum erpe n% 04596 iwu 41;&93 ﬂ

Oporeting Chargess
Tages
Opem%r,“’.‘;,', cesssessdomssnansonny 4‘»@?5@0 , ‘?";:ﬂ;n {sﬁ,&% nnn 1.58 ¢
T&ﬁ.m O!' h@amungenumtuun ﬁu% senses 3‘.% ssesse o83
Tahimﬁm.mm..,.m,m.m,,. 680 .,.,. 0580 sasuse LaB3
| _ | : ,msmme, soe:’mz sasariﬁzy ané | ‘ A | _
 overtiue @ 208 pevaseosaissresieraie 4.@3 Ceeessn 0452 wevnee 0486 |
| Gaaoli!lm 12 galﬁg gse; é&y -] 1@’5“““"14 14»92' 'k A"M-E:-fq Qﬁgé vesuse 6'0%
| 081, 1 qvm ger-'dw'@ 25‘;5 ,gy,.gg,;?.,-@?.a,f,~ G286 sesses 04032 'wu., 9,055
(8800500l eenssnssrnosstsssrseessnsotesh Oe20 v »

Tobal Operating (LargeSessessessas § 26085  soseceld 84757 aesne 04585 ¢




_ Per Houy
' ﬁw«w

.T!c"tal Operating t%e«l_?&egﬁ,{“_,_ﬁ,,, % 5»&‘5 sowese § ‘3 5% ssvsns & BuBCE #

Total E'ixéd ﬁhargemnmm“w“ ._?‘al@? *#egg f}‘gg@ seseas :

Total CRAFEOSsasnssssassce B B40LT seews § 5a255 eveces 75078 ¢
- From a detailed '&:’sme S'L‘udy of the machine eg@m‘&:wm the following curve can
. ba drawe. From this graph, we can detewnine *&he tine 1% *i:aiws o em@l&%& tm
_ operstion on variows size treess . ( ses oexb ﬁ&@;@}w |
As this maochine ig wt on skids g0 that :’d: gan sme moved from oume position
ta snother, it is necessary to find aow oi*ben %;m maehme a&mmv be mﬁ%é;
, I_‘iz is quite oovims thet a8 cl_w timber is si::iadeé_ %o &;hs maem:me and the arsa
_around tho machine is gradually. olesred of pulpwood tiuler, the skidding costs
will go wpwerds & & the distance besomos lmg,@m It we mowe ﬁh@vmehi.m GUOEY
time the immediete area is ¢1eared p the moving costs Wﬂl b@ Ei’m*ﬂﬁ'ti%g; ouk
the skidding coste will be low. To £ind the poind at vmm the *ﬁ:;m? of m%g and
smddu.ng costs will bo 1@%&% wo first ms’k :&‘:i;nd u&w Gt @f.‘ mev:u.g izhe mw}zm.
From the time am:%ysia made on vhe me}um, the tine and; c-«ae:‘% ‘bz gakdons
can be si.ated. The uﬁmss fm 't’.he MX‘I:ME g&eps in "navizzg *‘i;hc maa%:wa BYE

as f"llomg
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'Breakdown (pioknmg; uy Pm; toois, and kwoki‘ng %;ram;@r te maehm}“, .GO mnms |
Moving (per 100 i'eei,) poﬂttpgyuwpt:Hva-«wn!aﬁﬁ»ua»ugasﬁoeatmnsm‘nato &.6‘-:3 b
A}Bat-»up (aettmg pan, ss%aﬁ.ghbanmg tabi@, ’bmshmg fem mem, “tCoaen lﬁ.co w
Total time to. move 100 re@”mmm”m,,,. 1762 "
The woata for this mwing em ean o ealemised uaing 'the :E‘awc'amg,
machine rates and times,

Cost for Traetcm

Breakdown, 100% of timeg stand 'b:,r and hookym ?,O@ mm, ® 645 ¢ oquals 44,108
Love,~ 100% 9f time o | 062 m&%_ @ 6.5¢ ¢ ﬂ__s.,.se,i »
swb-up,w 26% of tim (stmishteniag teble | | |
end mhwkiﬂg, rest of time getting -
drays, 10$ﬂ)ngawﬁvv,q-pq@:-eagoy*a&apygp 2.66) nin @ 643 ¢ equels .15._,‘
Total Tractoy Gqs“&s.un,,«ﬂywwugw,?@,wa””uuu 68,76¢
Cost For Machines | | |

(Yachine cost nmbhwg as ib is nat in qpem‘bi@n,)
Vepges: opemtm? 2 1».;58;.’ por mm*i:a |

Hooksy @ Lo33¢ M "

Tablomem & 1,33 * °

mﬁume' eBoes @ 04884 " " . , ,
- "B:Qgg Fe¥ m"‘tg 3; 1? miauteg emalw 5&.‘&9 ﬂ

m‘m x 6.62 noa
Total aost wr m@hm pezv 100 a':"iz.@f HBOW? eewse - .?@‘@3 £

» 001@

?3.\35 a-mﬂ. | “ v-.‘f‘? m@@ﬁ? % .  3 "3':. | i S% | @u’?s
'f‘@'i:&l c%‘& ‘b@ mve l@@ feﬁkog.vg .voce#'tv@’?@. .&55.31 ﬁ

‘Thax*emre. the x’.‘ﬁ:zzeé. Ws‘s po¥ me is, ‘f’me?ca?q %ﬁlﬁﬁf glas 18478¢ «n.@aquaoaﬁ “

o fﬁ&l&i&gq*sgvngoe;»seqnptM\Qﬂv'Hum
x(ﬁ’kﬁf}. ﬁi’&@d eﬁ%iqugggyﬁottawtcan
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The £ized cost Will be imourred overy time ¥he wachine is mcmasi. mgamless

. of the distonce invohlva&., The variatzie..ﬁ;qst {coct af‘ agbual sr;gv‘i.ﬁsg) por 100 fae‘fk

of move ist o | - A | | |
TrRCtOTesresreassniasranseense 5090 #

Tki&ﬂifaau.“n“,.a“uu. oo 3u.§.§3‘ Ff

LQ’L&l Wr&&bl@ (.“}Oﬁffogcemgsaag ?506 ‘¢' "5363? 30’\} lb%‘tg
In this case the rﬁsada are spamé the sam as :m 'i-hu ghundard, Bev,e 660 ;.39%;' '
apart. To find the 3-~ms% ‘economical distmee *{‘y nove the machine, we ‘z:e”:?.ll £ind the

no st sconomical oombi.mtion of skidding zmd mim* dis temoes and costse As there

is more than one inknown quandity, it is ‘best to veo the triel method in conhjunetien

with two cost Pormulag, These two Lormulae® sye: s::iociirz@ ﬂegi, equa 1s «F 08 and

mowing cost equals = § _ "_ vhere »P is the percembage “ala%:masimy
ol ’ o
Z »556 3" v

of -thr avorage skidding dia't:me to ‘!:he mad “pmims C is the mrwm«:: amﬂt T o |
slridding e cord 100 feely & is the spaeing of roadsa ’.L is the cost of ma?i% the
-machineg o2 is .the pemntag& Wmﬁiomhip of mnohine syeewg bo £§ and z‘ is the
volume per tioxe, I’m the fovegoing date, 'w:e mgw%@i o oqwls Tl ¢ g»e:e cord

gzer 100 feots S eqt#&lg 660 fool ;f L eag&mlg&h&? ;?m cost cé mpving ths uwnitown |
digtancey and V emls 5,3 cords per mz-é.-, "Zif o éssama . *%l-‘élue for of e san
mlmm;s, the cost fer a;kﬁ.aﬁmg end Por the %‘Wﬁﬂg of Ehe o z@me. Tor insbanse,

i€ we ascume .,z to bo BO% of By then W move tho machine 330 Peet { BOF of 660)

so L will 'i?rs £ 1.27 plus -’f‘w“ x tuﬁgﬁ?l oF @1-,@@. Then the followlng cuu be.

caleulated,

% Developed by D, M, Mobthows in "Oost Conbrol i the Legging Industzy™ Chape Ve
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Then ¢f cgaals  Skiddiae Coot Voving Cosh Total Cosk
T oquals «P C 8 Lo ’
LU AT
, 0 ‘
4,558 8%
40%

0276 X 46,2 equals 12,75¢ “egd .
® h 25 sguals 8,887 1963 ¢

507 o289 X (7.0 X 606) equels 15.35¢ 160 ¢
, I8 R (5a0) % Bed cqunls 44937 18633 ¢
BO% #3036 X 46,2 ecunls 14,40 ¢ 185

PRET IR 4] @C}E}&ls 4&86}'{ A 1926 ,ﬁ

T can now be said that the ceonomical spacing for the machive is abuut G0% ef
the road spacing, or 330 Peot. Anything much less than this (250 feed) or more then
this (400 foet) should not be considered unless ami:hw fagtor which is wob baken
into eccount heve should interiore,

“To hawve now arrived at the polut where we osn make on emelysis of the skidding
operation. Tho average skidding distemco when the mnchine is seb up ot inberwals of
320 fest will be 09289 X\ 6:6 stations or 19;9.1:?3@%, The Dixed tims (hook, bunch,
uphook sud ordinavy delays) vms Ge5 minubes per turn, end tihe variebls bdime was 04855
mirutes per 100 foct round trip, with em everage load of four trecs per turie

Therefore, the fixed ocost por turn will be B0 minutes G Ge3¢ per minube equals 34.62¢

and the verisble cost will bo 1¢91 stations X 0.655 minules T e3¢ por nine, ©  10.28¢
por turn  44,90¢
or an aversge of 117 per tres, Tith this cosh, the followlng ekidding cosh toble cam

be made oube (Table V)
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o now asve all the data ~1¢ewsarg iu nako wp our analysis of Class "A" costse
she tobles are sclf-oxplavatory. (‘.'mhla V)g

Th: vlass "B® costs, next to come under cousidera tiom, wili be much Uh

g
&5

o

SHmS

&

as in the standard operation with ounc addition, the cost of moving the nachines
This will bo o constent e;@s*t per cord as determined in caloulabing the seononds
specing of the seteups. ih erefore, tho constont costs per cord will be a s follows:

Tractor }Iﬁiﬂeﬁadwoouae-nqv-’nnepaaa_«eave&wa@@ld@@ pger sords

LOﬁﬁiD{g oito Fnilrosd @8rSccssscacosennsnd 0s85 " ﬁ
vallroad hotleesnoescensnsvescessssansosee 1,00 ° ¥
Gvorboad ond morgin for rofitescesessscsce 2400 7 ¥

" “

Fe‘b"-up 00-"3’%\7;,@ae--or'aq«oovoquaonooan@ca@‘ﬁu $.08 _" -

10{7 1 Jlass "Bﬁ eaﬁﬂb(‘?awomqogoaoaq sa;‘ye_afbueeg *@9?{) }?Gﬁi".ﬁﬁ‘?{ﬁ‘
sturpage -1l be the some os bodore ( §2,50 and 81600), making o total for
¢lase RY cosbs of (720 per sord fov s;_:;mme and $8.70 per cord for balsems
ms §leas "C" costs fized por acre charges will remsda ab the {500 por acre
as Sbomised ir the standard epamﬁian.,

Deon this Oata, wWe may now walke & caloulabtion as o the value recoived
5§

fvom this arss.

vele Telue _fomwe 37450 v Bulsom $166850
B aanad BN SR LA R .

Giless A" costse

Cuttings $664420
ST e18 coprds emuals 2240 ‘.,‘%%.f&fé
BBAE Tords oquals §8.69

, eguals 004287 ® 462,99
fio@;?f ‘sords equals 1,31

Sewiogs BLTB4 73 .
a7 .18 evds. squals 0,703 85437 & 632405 -
_ “E54,.5 eds. equels 1.78
nelanes efber Class "A% costs, Spruce §14.18, Balsem, 88,82, ' .08
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rUucO,
(Belance) 814,13
Cless "B" CostSesccrcecocces 4470
Bolano®eesecsscsscrosacdPedd
StumpagOececececcccvsosecsae 2460
BolonnBessssesseccssaee$BedS

Class "C" costs: 25.00 X 411
2,47 cdt 83

Total Net 3&1&2106. esoe .36.10

006000000000ttt O0 ‘Om
. e

0090090000 crccgecrvs@Re e ‘.18
0090008000000 0Cs00ROCRIOSTRS 1000
R e

0000089 000800009000000230089 "012

5,00 X ,589
3eD% CU8 GQNALS seseese «83

000 eprecroers ettt ‘202'

Howrever, a & in the previous case, this does mot show any zero mergin limit,

arnd we have to use the sawe system of deducting Class "B™ costs to find the maxiurwm

expeniiture we can make per ocord,

Seruceo

Ssle VQIuOS...-..-..........-.0-0317o50

Class "B" Costs and stumpfgCecees Tel0

Balanco(for Class "A" costs)310.30

balsam.
S
[ I E N EN N NUENNENENNENEEEEYYY X J ‘u.“
0090 res 0000900000000 5.”
SRR

.
00 00000000000 2RPRCELOOIOPOOS # ’.n

Trox & reference to the Total Class "A" coets (teble V) wo find that the variable

cost for a cord of 6" spruce is £12,80, or £2,00 over the sum ellowed for class “A"

costs, The balsam variablo cost por cord at 6 inchee 4c 13,72, or 93,52 over the

"allowsed sum, Thus, we will lose money oan £ll 6 inch treos eut. The cocts for the

8 inch class in both specles are helow the maximm allowable orvpenditures as above,

so w c'n ocut dowvn through the 8 inch class (&bout a four stick linmit) and eliminate

undue coste incurred if the 6 inch class is ineluded, “etting the mininmmmm D.B,IH,

ebove the 8 inch class reduces the return per acre,



selgam
Sade vaiuGGacd*bpottOté@giqpq‘*QOQ!@QﬂQG&G&@l?Qgg ea&awo@cawqapw«cauo&wu3%15050
Class “A%eosts: [ 709.61 | $1687,01 )
2E170d8, onuelsesesd S016 D06l CdE 2465426
Glasg fu sosbae CNENOLONOUEOONTOA 4@?0 PRV O OURITIBROR &a?@

S%ﬂm?agaonap-mnoa»wauat.auoac-eﬁvea 2050 PoRRIOBLVvOEABGRD 1009

| 512,29 V
Cluss "CF costes 5000 X 462 cooss 0094 ey 5e00 L o548 soe ©eP4d 011,80
Y - B0l Gon '

To5cd Yot Polon0@eecsssesnsrennnsanosch o2 socsscsesssnscsscnse o 3060
The diffofence in net balance from tho urea would bes
Cutting to 6 inoh diemetor: 2,47 Cdse spruce @ $6,10 on 100 B0rEEseesacesilB0.50
3,57 odge bolsam @f2,29 om 100 BOTGTsessevose  BLe0O
Total Hot Looovery on 100 B0P8Sascecsccseccssons oonsoh25LeE0
Cubting to 8 inch dlemeter: 2.41 cdss spruce 1 §6.21 on 100 coreg.s..$149,50
292 odse bolsam & §580 et 100 ecressses 105,10
Pohal et Necovery on 100 06rCSssscecccscscsscsseel b6

Tas net difforence in rocovery from tho arven ls $2564460 minus $271.50 eguals £28,10

tepeativg tho procedure on tres wolue ccleulebions os wo d4id inm dho

b

[ TN
uzase

=

stendord operation, we obbtein the following tobles, { VI ). With -

teblos and Teble IV for comparisen, wo cexn drow our conclusions, usimg linse Be
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Conclusion
3y comparing the tree ¥aluos, wWo 580 that et 12 inehos HeD.H, the maohine
eperation begins to pay more than the hond gperetion. this can be more readily
seen in Toble VIl
in inspecting the net recovery walucs £ron on acre on both oporablons, W
£ind the machine operation paid more por aore then the hand operatiou., This iv

besauso thoe mechine ovoration increnses tho walue vecelved from the larger

g.ﬁs

ddanotor classes, ‘ot enly is the difference ia walue bobwocn the two operations
meeh larger in tho higher diometor classes, but the feob Tthet over 30% of the
stend ic in the lerger elave, also affecls thils return psr acro,

¥rom the conslusions drawm, tho best rosulbs weuld be obtaiued by setbiag up
o combined operation, with tho machine hondling the bluwbor fyom 12 inches up, end
the hand opercilon from § o 17 mms, Thomgh this would plesve the plosumnlkers
es they would rother hundle the smaller sbuff, 14 wouvld not be best for the cperaters
as they would hovo $o spond more for supervisionm and checking. I vould probably nod
be adviseble in this case, as the non would cobjoct stremwusly to cubbing the
seottered timber thot would rosult fyom restricdisg them %o the lower clasoed.
As the job i3 now set up, the plecomakers out the pulpweod in the loweland

whoe

ar

~<~X

re the average diemeder is smpller snd the mochine hendles the larger
high-land tinmber,
It is apperent that if the machine io to bs more universally precticel,

coobs mast bo roduoede Dne spocific cost that should bo redused is the skidding

cost, which might Lo done by use of crohes, or pan skiddivg. Host imporbant, with

Improveononts made on the machine, o wmors cecnoenienld opsrebion cen be plowmned

& 8
& &
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around it, Thove have buom scveral ahang«:aafmﬁa since this enalysis, some of
*«s«siﬁch heve heen montioned elrcady. Uthers are in the process of campletion
waich should speed up the opershion comsiderablys This cpecdeup of the operation
should reduce the cosbs to a point whers it would be ceononieal to use the

meohine in alaost eny type of ctend,
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