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ENGINEERINr., EC'ONm1IC .'HD SOCIAL ASPECTS 

The Aist~ry of both power farming and the automation of 
field machines indicates thÀt the development of both has been 
evolutionaxy rather than revolutionary. The feasibility of 
applying to field operationo, the automatic guidance equipment 
as ~rop~sed for highways, appears limited. The requiremonts of 
~n automatic guidancè system for application t~ a tractor are 

. J 
cOMplex. '1'\','0 possible concepts ere pr)lPQfeC! for an autcmatic 
tractor and its rQqu~red qui dance system. \ The auiomati~n of 

, . 
field operations i8 economically jU8tifiêd under certain 

, . , 
conditions. f.'e,chanization of farming o,?crations has been 

~ 

required hccause of a continuing ahortage of lahor and further • 
, l ' 
mec~ani·zation is rcquirad. !lural life ahould improve wi th 

automation. 
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PRECIS 
\ 

John H. Clark 

, , 

LA COMMANDE AUTOMATIQUE DES MACHINES AGRlCO~S: 

LES ASPECTS TECHNIQUES; ECONOMIQUES ET SOCIAUX 

L'histoire de'la motoculture et de ~'~utomation des , 
machines agricoles montre que le d~veloppement ae l'un aussi 
bien que de l'autre s'est fait d'un~ fa~on plus 'v~lutive que' . 
révolutionnair •• Les possibilit~ d'application aux travaux'des 
champs, des sys tèmes . ~e condui te atÎt~Ntique proposés pour les . -, 
route~ semblent lim\tées. Lés exigenc~s d'un système de conduite 
automatique applicab)~ au tracteur sont complexes. DeUx ) 
~onceptions Possibles ~ tracteur ~utomatique et de sys'tèkne de 
c~Rdui te sont pre~~n~ée~\ L' automa~ion~ des 1 travaux ~ des champ~ . 1 ." 

est ~ justifiable éconOmiqu~nt sous certaines - corlC!i tions. La :..., 

diDinution constante de la main d'oeuvre a rendu né~~re la 
méc~isation des travau* 'de la ferme et demand~ une ~rtisation 
encore plus Ôampl~te. L'automation d~ralt'améliorer'le mode de 
vic sur là ferme; 
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PROLOGUE 

This thesis will concern itself with three aspects of 

the automation of field operations. These are: 
.. ' 

1. the probable and possible direction that design 
, 

for automation will take in the future 

2. the econo~ics ,o~ auto~ation 

3. the e~fcct of automation on rural sociology 

Included is a history of auto~a~ion to the present day. 
, 

The recountjng of the history is the easiest bedause hind 
sight, in modern parlZ'\nce, ia l'.hlays nt~arly perfecto In recount-

1n9 history, an aut~cr is ~afe because, even though he may have 
to contcnd Fith hiased ,,,ritinoJ he is dealinq with facts. To 

J 

atter.pt lo predict the econornic anp socioloqical effects of an 

oncor.dng phcnol'f1cnon i'3 ris~y. Only sorne historiclll reVic.~·l 

\Jlri tten sonetir.e in the future "lill indicate ho\-, close the 
predictions came to actuality. 

l' 

The contributi6ns to original knowledge by the thesis 

are: the evaluation of en~ir.eering, economic and social impli­
cations of ûutornatic control of !teld machines and the details 

of the automatic power unit necessary for automation of field 
operations nnd a gujdance'systcm • 
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I. DEFrNITION OF A.~ AUTOr~TIC SYSTEM 
1 

A working definition of the word automatic is ~è~ssary. 

,Autornatiç, when used as an adjective, is defined by the , 
Funk and, "7agnall$ dictionary as: "self-moving, self-regulating, 
·or self-acting". It is defined ~lhen applied to mechanisms as: 

, ' 

WHaving ,a self-acting mechanisJT\ by which certain operations are 

pcrforrcd under ~redeterMi~ed conditions". 
said to be' "a self-acting machine ..... ". 

As a noun it is 

Autor.tati'on is said to be: "The the 0 ry', art, and tec~ni­

que of converting a mec~anical nrocess to maximum automatic 

operation, especially by the use of electronic control 
mechanisrns and ele~tronic cOMputers •••• ". 

To add to the above defi~itions, automatic (or 
automation) refers ~ the estqblishment of a process or a 
system of processes which will repeat within a set of 
prescribed limits without human aide "These limits may be wide-

-
,spread requiring that the system be quite sophisticated. The 

\ 
limits are limits of variability from a mean, within the process. 

o 

over whi'ch the controllinq mechanism must be able to' compensate ' 

- 'i.e. ~ range c! values from a naximum to'a ~inimum. An auto­
matie process "dépends on feedback* for control. In this sense, 

, 
* Feedback: Sorne of the output signal is returned to the input 

and compared aaainst a rcfcrence signal to create an error 
" 

" si~r-~l \>:hic:h cbntrols t]lc devicc. The di ~fcrence obetween the 
feedback signal and the reference signal creates the error 

,"""'- 'signal. Often thè size of the error signal controls the rate 
pf chang~ of the corltrol signal. The POlarity of the èrror 

signal c~ntrol~ tlle direction in which the change ia ~ade. 
1 ~ 

. , 

, ,. 

....1~ 

J
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! ,~, 
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an automatic system is not normally open ended. 

one eXaIrple of a smple automaetc system is the engine 
governor, such as is fitted to a small aircooled engine. 

Cooling air is blown past a spring loaded air vane.. The ai,r 
v~e is linked to the carburetor throttle valve. As the engine 
speeds up, more cooling air is blown past the va ne forcing it 

~ to moye against the spring, thus decreasing the throttle 
setting. .l\t a srec! fic speed the vane is balanced bet\\'ee!1 air 

pressure and spring force- If the engine slows under load, air 
pressure diminishes and the spring move~ the vane and the 
throttle shaft to increase speed. 

AOJUSTA3lE 
SPR 1 NG ANChCR 

AIR VANE 

Figure t. Oiagram of .air vane governor 

AIR FLOW 

LINKAGE TO 
THROTILE 

Changes in the tension on the spring alter the governed 
engine speed. 

A system such AS this can be represented by .the 

follo\dnq diagram. 



.,. , 

4. 

RCs) [(s) 
GCs) 

CCs) 

Fiçure 2. Diagr~ of sirple contrel system 
• 

The reterence signal R(s) ls provided by the sprinq 
tension on the air vane. The summinq point, which in this case 

is the air vane, produces an errer siqnal E (s) to the carburetor 

thrcttle causin9 a char.~e ir. the ~tor rerresented by ~(s). A 

change in air speed C (5) i5 Ii1Ade. ~ir velocity changes aqainst 
the s~in9 point, the air vane, creatine; a change in E (s) r- the 

error si,!nal •. 

"G(s) fs actually a co1f~site of several transfer 

fuhctions, these being those for t!le carburetor, the engine, 
and thè engine cooling air fan .. 

Unit y feedback i5 used - unit y meaning that it i5 not 

modified. Sometines hOW'ever, the feedback signal i8 very w~ak 

or i5 in an unsui table form thus requirinq modification. In" 

that case the diaqram becoDes as follows. 

, . 

R(s) E(s) C(s) 
G(s)-·p-------~----

Flgur~ 3. Oj~(am ot control circuit .. Jth gain ln feedback cIrcuit 

.. -



5. 

H (s) i9 the trangfer function ot the feedback path. In 

many cases the error siqnal ~ust be amplified a~d IGC.) then 

bccomes coroprised of two or more sections, as is the case in the 

prcvious exalilplc (Figure 2). ....' _ ,~ 
, 

The syst~p stability can be predicted mathematically 

from the system transfer function ~'7(s). For the simpl~ system 

,,'i th uni ty feedhack 

P (5) 
C (5) 

:_m 
R(s) 1 + (;(5) 

and for the second 

n (s) 
1"1( s) "" l + H ( S )(': ( s ) 

\ 
These transfer functionR are written.as Laplace trans-

fo~s. F.~ch can be analyzcè accordinq to thp ~ost a~nropriate 

mcthod in order to !!recUct the system stc'lbi1i ty. If the syCJtel'\ 

is oscillato~' in nature it is referred to as beinq underd~ped; 
if the systen is sluggish in respÇnse it i9 tenned overdaJ'!11?ed; 

if the system is roarqinally stat'lle i t ls referred to as beinq 

cri tically daJr?ed. The m'ethods of stl\hility prediction vary 

\\'Îth the type of transfer function to be ana1yzed. 

Sorne rnethods (5) for predicting the stabl1ity of the 
syste~ trans[cr function are: 

1.- construction and tbc visunl analysis of a pole-zero 

~ap for si~rle sy3tema 

2. use of Pouth's stability rule. Sorne of the polyno-' 

Mi~ls cf a transfer function are complicated and 
difficult ta factor. ' Fouth's ru le can he applied 

to the po1ynonial as a first stép to predict 

stability without the need ta f~ctor the polynomial • 

. ' 
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3. root locus method. Thil i. a qraphical method te 
il: 

sHow cha~qe~ in the locations of the poles ot thd 

transfer f~ction with changea in the physical 
parameters of the system. 

4'. use of the Nyauist Stability Crite-rion. This ..... ". 
determi~es the number of poles of the transfer 

6. 

function \',hich lie in ,the right hal f plane of the( 

S map. 

Systems using automatic feedbacl~ control can become 
very complicated. However, rnany of these systeMs are comprised 

of sub-systems which are sinpler. An example follows. 

Pl (5) C2(S) 

+ 

~------------------~ H(s)~-------------------J 

F:lgure 4. Control SvsterTl wlth multt-feedback' pllths 

1 

. . l' 
Systems used for autornatic guidance of field equipmcnt 

will all employ fecdhack of Bowe description. Even guidance 
ernploying humans uses feedback. In turning at the end of a 

field the hunan operator rais es the irnplement as' his eyes tell 

him he has rcachec1 the correct point. I~e then initiates a turn 

varyinç t~c rate as his eye fceds bac): ~nformation. He esta­

blishes the powc~,unit in the new direction and lowers the 

irnplement at the correct point, all o~ this requirinq feedback. 
In l\n tllttom.:l.ted !:~' .tcm othcr fOrMS of feedbl'lck signais would 

.':,J 
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be fe4 te • control point which wo\ll4, i •• wa contcol alCJDal. for' 
at •• ring an~ implement control • 

\ ' 
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II. UISTORY 

2.1 lIISTORY OF FAJU.! POHER 

In ,ancient tinles, as man discovered that seeds could be 

pfantcd ta ,ensure a more pre.dictllble food supply, crop farming 

\.'Nl inv~n ted. Ile foune? tha tif -he eJ11ployed sorne ti lla'ge . he 

could give his geeds a better start. At first this tillage was 

donc "d th human labor but mon discovcred ways and mcans of 

coupling domest~cated ani~ülR to ti~lage devices allowing 

larger Mllc11ines tIC be used. Thi!l required a huma" labor force 

of two - one to qUide ~he ani~al, usually an Ox, and one to 

--.-/ control the m'achine. Producti vj ty waljl then greater than the 
, 

~total of that \'lhich the two could accornplish individually usinq 

thcir bwn pO\ier only·. 

Nachihes Nere irnproved. Horses were employed. The 

horsé, while not necessarily as strong as the ox, provided more 

flexible power. The horse, when nro9érly trained, could be 

guidcd by the machi.ne opern tor, rcduc,ing trya labor force and 

~mprovinq efficiency. Inventive (or la~y) operators found ~ays 
of ridint] on the ilTlT)lement to l1~duce thcit ~\\'n Illbor and thus 

their fatigue. A ",ell trained horse required very little . \ 

gU1ùance after it had_made a few rounds of a repetitive task 

anù the operator ~enerelly just .rode the implement making Il few 

adjust~cnts to conveniently placed levers, when necessary. 

Horses ,,'cre uscd to develop rotatic::mal power. A single horse 

\tv"alked, in a treaèmill ~rom which a rotatinq s'haft or .bal t drove 

a threshing machine, saw~ or SOMe similar equiprnent.l Threshinq 

machines had been developed to replace the arduous operation of 

flailin~ and \"innowi,.ng the grain. To devolop still J'I'.ore ~ower, 

horses werc coupled to a sweep power. 
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This development of power ~ar:minq has been evolutionary 

rather than revolutionari. Portable ~chanical power.was 

develop~ù fir~t as an external combustion en;ine and secondly 
as an internaI co~bustion ~n9ine of two tYres - spark or heat 
ignition. }hout 1849 A.L. Archa~bault buii~ a portable steam 
enginc to provide mechanical power. The first self-propelled 

stearn ~ngjne ~ppcared in leSS. Detween 1870 and 1880 suitable 
• , t 

gei:ri.ng bctwecn the stcüm C'nc;lne élnd traction wheels \~as 

c'C'vclopc(! ûlor.g "it, i". stct:'rin~ r.lechani~rn. The la~ter 
ncc!huüSIIS \,'erc some\-;;lùt unreliahle and for a while it was 

reco~~cnded thût horses be used for steertnq ~urposes as well 
as providJng extra traction. 

ny 1~(,,0 five thousélnd 'steal1' traction engines \'1ere being 

proèucc(l each ye.lr in 'the l"ri ted States. Sorne of the~e were 

cap~ble of pulling a large number of plow bottons, even by 

toùay's st"nèarc1s. In 1909 a ';0 horse!>O\'ler unit pu11~è 16 

14-inch botton~ ~nd nlowod ~p to 160 acres in 24 hours (14). 

Steam had Many èisadvantages, such as the bu1k f as 

required by the boiler and· firerox .and, the necessl ty to 

replenish fuel and water. The intern<\1 combustion engine 

requirE'c' fUf?l only \o:hich, reinn a liquid, was mueh ~9re essily 
rcplenishcd at 1onc;cr intcrv.l1s. Since there was more power 

per !'lounc1 than ld th solid fuelc;, such as coal or wood, liquid 

fuel Ui\S Mueh les~ hu1ky. Developr.lent of the Otto cycle enqine, 

about 1376, led te these being used e:~oériIT\enta1Iy to re!,l.;tce , 
stcnm ~n~ines in the s~aller 3t~a~ engine cQassis. Later, 
cha5sis ,designed e~?ecially for g8soline engines were developed. 
ThE" Cht:rtcr '-as Fnqine Co. of the United States buil t sb= qaao-
1in~ tr~ctors in 1889, aIl hui1t on stcam tr~ctor trucks. 

Develoornent continued until tractors were supplying 

p~'cr in severaI fo~s: dr'-:l;bar or traction power, be1t power, 

,,<~ \0.=1. 
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power tate-off power, lifting power for mounted implement 

control"hydraulic power and electric power. Only four ot 
these remain on modern tractors': traction, power talce-off, 
power to lift mounted implereents and hydraulic power. 

In the evo1utionary development of tractors the power 
ta weight ratio has increased. Power was equated with bulk but 
the developnent and ap~lication of weight transfer systems have 

ch~~scè this concent. One of the earliest systems to accomp1ish 

thi s \<;as the Ferguson systen. develo!,ed by Harry Ferguson and 
first ~rketed in 1936 (9). In this system implement and 

tractor became an integral unit. The implements were~fastened 

to the tractor at three points. Development of this system has 

continued.lto the !lref;ent da~' to become almost universallYl used. 
Dimensions and positioning nf the hitch points and linkages are 

\ 
standardized to allow interchangc of equipment of various manu-
facturers'around the world (1). • . 

In tllC Drocess of tractor evolution the driver has 

al~~st always sat at the rear of the tractor. One exception tp 
this was in onc of the first tractors built, the 1892 Froelich. 

( . 
Hcrc the driver Wû~ located at ~~e front. The raar location 
p1aceè the dri ver ,.,her~ 1-c cauld obsèrve the work undcr way and 

be in a location ta reach the adjus.trnent levers. At the start, 

horsédrawn e<!uipment \-:,as ~d:f.fieJ for use wi th the tractor. 

This was a ,atural process since the tractor was bought tQ 
,­, 

replace horses and the horsedrawn equipment was available. 

Often the labor force rose ta t\\<'o - the tractor driver and the 
1 

JI1ùchine op~rator. However, new r.\achine designs elirninated the 

macftlnc o~frator. One of t~e final stages of evolution was the 
intcgrated MOunting syste!T' as dcvelopeè by Ferguson. 

Traditionally then, when there has been one operator 

for both t~e p~··cr uni t ar.d the inplecent, this operator has 

, 
'l .... ,1 
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been located to the rear of the power unit. This tradition haB 

contipued to the present time even on large sized units fitted 

with a cab from .\llhich) the operator often has little chance to 

observe the implernents at work., In an eff~rt to ~mprove 

visibility, experiJT'cntal units have been fitted with closed 

circuit telcvision. 

\ 

One vRriation from this technique was the development . \ 

;:::a me.chine sys'ten \'lherei n ë\ PO\'ler unit \-.. as dcsigned over 

;
' \-lhich or on Hhich i t was intended to mount several nteces of 

, equipI':1ent, . as these were required. ~'ost of this equi?ment was , 
for harvesting and influded gr.~in and corn equipment. 

'1/11 Thus the development of power farming tô date has been 

evolutionary and not revolutionary. 

2.2 I:ISTORY ,OF AUTONl\TlnN OF GUIDAJ~Ct: 

Sorne farm tractors have always had a ·.form of automatic 

guidance althouqh most oper~tors have never thouqht of it as -such. This guidance occurreè in plo\ofing. Once' the land had 

been struck out it ,was rossible to continue'~lowing without the 

neces~ity for steerinq control except to turn at the end of the 

field. All one had t~ do \Tas to turn the fro~t \' .. heels of the 

tractor sliçrhtly tO\\'ûrds the left to the furrow wall. Since 

n'ost, tractor!-J uscd il \-'orM steerinq gear which \o.'as no, reversible 

the stccripg' stayeù in this ~osîtion and the tractor followed 

the furrm··. This technique only worked with tractorR'with that 

type of st~ering rncchanism and in land free of stones. It did 

not \iOr}~ if tlle right front \ ... hèel did not run in the furro\ll. 
". ! ,1 
'" Therc have tcen furthcr develoT>ments in this form of 

gui dance. Sorne MOdern traC'tor de~igners i' in an effort to 

, 
;'1 
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improve traction, use dua~ rear wheels vhich are too vide ta 
run in the furrO\I. These trnctors run c:;o~letely qn the 
unplo\>lcd ground. J\ccessoriès have been èleveloped to sense the 

furrow ~dge and provide a steering signal from it to Juide the 
tractor (17). 

In the early 1920' s a small motorized manlesfi plo"''(14) 
was dc"eloped in Iowa. The uni t carrièd two plows, one in the 

,--, 

grour.d and the ether out. The ini tinl furrow was plowcd "li th 
the trl\ctor rlrivE'n rnanu~lly but from then on the tractor ,,'orked , 
automatically. A trip lever out in front of the tractor and 

'behind caused the tractor to rever3e direction (and l'lows) when 
it contacted the Ifence. At.the other end of the field the same 
thing happene(l and the tractor shuttled bac": ~nd forth between 
the fences. j 

One systcJ"'l of gllidl'nce developed by t;ilmaur (12) reliEld 

on dend-reckoning. Subjact to error from distltrbnnces and side 
slippage it was not success!ul. 

Soree designs have used radio control signals but these 
wer~ nct auteroatic, in that ~n operator sat in a central place 
and guided the remote tractor. 

l'ost of the more successful autoJllatic guidance systema 
have used buried cable (3, 22) as the guidance source. In 

~cvcrill exampleo the cable carried a siqnal which the guidance 
unit on the tractor follow~è. A second set of cables at each 
hCë:ldland carry;ng a 5ignal of a <1!ffercnt frequency siqnallec1 

1 

the control unit to lift or lower the implement and to begin a 
turn oe'(!u('nce. 1\ccuracy of rel'eatabllity of passes across the 
field is high jn thesc systems rncking them suitable for row 

crop \'lork as \-:cll as for qrosB field cultivation. In some, the 

cables arc rcasonably closely spaced while in others, such •• 
th~ one (levclop('cl bv n.!. rrooke (3), the tractor can he 

/ 
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operated Up ta 100 feet avay frOl!l the guidance cable. ID thi. 

system the &!lOuent of cable reqUired i8 reduced. ,t leaat one 
such s'ystcm is marketed in Enqland by Autotrack gystuas L~ •• 

, 

Farnbo~ouqh, Hants. 

In aIl of these systems the expen8e of buryillCJ the 

cable and the inflexibility of the system onee the cable has 

been bur ied are disadvantages. The amount of cable required 

can be qui te large.' For e:(ample, if cable were to 'be installed 

in a 30 acre field to pr~vjde quid~nce for an operation usinq a 

machine 10 feet wide, approxi~~tely 33,330 feet of cable (6.3 

miles) ~muld he needed. 

lIowever, in another system the burielI cable is actually 
'-

a small rope (25). The ~achine ~ulls the rope from the qround, 

passes i t throuçh the guidance system and then relays it some 
- . 

distance to one side to provide guidance on the next passe 

A si~ple guieance system w~ich works from a score 

furrow made duri~g the previous passes is that developed by 
/ 

Grovum aria Zoerb (16) ~ Two small wbeels follow the score 

furrow. The information obtair.ed fron these i~ cor.pared 

against a gyro and a steerinq signal i5 developcd. The qyro 

conpensatcs for discrepancies occurrinq in the furrow. 

But not aIl automatic control syst~ have been this 

sophisticateè. " 
. ~ 

A saving in labor can he obtained by couplinC} two or 

, 
J 

more tractors toget.ner (11). The operator drives ~ first,' and 

steering signaIs are provide~ by a cable to the secqnd, thus 

autc~atically duplicating the first tractor's movements and 

speed. Tension on ~ the cable contraIs the speed of the second 

tractor. Another system (24) steers field machines along a 

crop ro~ by using a feeler to contact the stalks. A 8pring 

, 
'\ 
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fo~cea the fe.1er aqainst the row but di,placement of the 
fee1er frem the neutra1 Dosition creAte8 the corrective 1 

" 'If~' ~ 
ateérinq signal. ~ Parish and Coerinq (19) developed A somewhat 
similar device to guide A windrower Along the edge o~ a crepe 
They ine1uded a unit to cause the windrower to exeeute A 180 
deqree turn at the end of each passe 

None of these systems have usecl a centra1ized eontroller 
except in the case where the hut1an controlled a remote machine 
using 'radio signaIs (14). Sorre cxperiments \'1i th radio ~ontrol 

l , 

were earried on in the 1930's. In this ~case the human with ~is 
faculties for vision and thought relaye~ the corrective signaIs 
to the power uni~. This type of system never developed beyond 
the experirnental stage sinee there was not Any particular gain 
~n effieiency. As before, the h~an controI1er wa9 required 
for one power unit and he aiso had to be in a position to 
observe. 
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III. GUIDANCE SYSTEt-'S FOR OTHER INDUSTRIES 

~uidance syste~s have been developed. for other 
" ~ 

industries. ,Patents have been issued for components, sucn as a 

guidance sensor for a leader cable system (U.S. patent n~ber 

3,614-,990). One company, Barrett E1ectronics Corporation, 

Northbrook, Illinois, manufactured a leader cable syste~which 

guide<1. small pO\lE:!r uni ts rullinq trailers along a !,reset. route 

throuqh faetorjes or warehouses. 

One other,induntry, the trànsportation industry~ is 

'\o:orking tO\lûrds t!1e developnent of automated high\~ays. 

Required for this will be suitably autoMated vehi~les to use 

the high\'iay. The- autoJ1".ated vehicles woûlcJ be manually driveh 

wh en m.;ay fram the. automated highway but would be automatically 

eontrollec~ \·'t.ile On the high\·'a~'. 

Sorne of the advant~gcs of auto~atic control are: 

greater utilization of an existing highway because of the 

possible increase in 'traffie den~itYJ greater safety sinee 

sreed and vchicle separation are automatically maintained1 less 

boredorn on the :?art of the dri v€\r s ince he would function ooly 

as a supervisor \o:hile the vehic1e is operating on the highway. 
\ 

3.1 PROPOSr.O DESIGN FOR AUTOI--ATIC I!IGHWAYS (14'>\ 

3.1.1 \'ehicles 

Vehicles cou1ù be built for personal or public trans­

portation of people or goods. t7hen away from the automated 

bigh\·!ùy thesc \\'ould be rnanually controlled: but while on the . , 

highway they would be nutomatica1ly controll'ed. In addition ta 

, 
1 
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the usual equipment found on a standard hiqhway vehiple there 
would be two types of equipment required to automat~ the 
vehicle. One 'type would be that which would respond to the 

quideway signaIs providing ~teerinq and speed control. 
o 

The second ~yp~ would provide emergency control in the 
event of compl~te or partial~ failure of signaIs from the quide­
vay. This emerqency control would be comprised of: steering 
~ontrol ~ntil the vehicle operator resumed control, and brake 

t 

control ta provide separation from thJ vehicles in front. 

If impending problems we~e diagnosed, signaIs which t 

would be radiated tram the vehicle GP the highway control 
, 

system wauld cause the highway sectional command to provide 

signaIs ta divert the vehiclec into a, service lane. ,~-I 
~ 1 ~ 

3.1 .. 2 Highway 

Q,esides its usual 'tunctian of !>roviding a suitable path 
for vehicles, the highway would provide the guidance signaIs to 

the control uni ts of the vehicies. " These signaIs" wou Id be sep":" 
1 

arated into two kinds: one \lo\Ud bp those oriqinatinq from a 
"-

central source and the other, the eo~and signaIs related ta 
the particular section of. guidcway on which the vehicle was 

operàting. The former would control traffic fl~w on the highway 
1 

system, the latter would control vehicle spced and separation, 
as ~ell as rcspond to signaIs relat~d to vehicu,~ar problems. , 
Ent~ to and exit of the vehicle from the highway would be 
controlrèd. Each traffic lane Jould be controlled separately 
from the others and would have a guidance device built into it. 
This could be in the form'of a leader cable or sorne mcchanical 
system. It is l~kely tnat in cold areas a leader cable system 
wo~ld be used bec~use of weather problems. Each lane mi9ht be 
physic4I1y separated from the next by a curb or barrier, 

'. " 
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al thouqh th! s could create problems in snow clearing. 
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3.2 FEASIBILITY, OF l\PP'LICJ\TION TO AGRIauLTURE 
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Unfortunately, the ty!?~ of quid~nce required for fast 

moving, high donsi ty" traffic is qUite different from that 

rcqui.rcè br Zlq\l r,o·"ing agricultural power units. It 18 true 

that the steerin~ equipI"Ient intended for the .~gh speed uni ts 

could be rnodified for thè low speed units. Howevè;" the steer- ' 

ing corrrnands required by the hiql1 [;T)eed equipJ'l'ent would not call 
,for t!le extreme changea in direction reguired by a" field uni~ 

at each end of the fiE'ld. The secondary controls of the hiqhway 

vehicle ,,!h~ch provide se't'aration in the event of the primary 

system fa.ilu.r~: by sensinq the distance to the vehicle ahead 

, cO\.1l,d !:>e used ta sense the ~ielc1 .. boundary in arder to ini tiate . . . 
turns of. the no~'er' unit. - . 

, . 
ThEl application to 'agriculture of the guidance control 

l' ", • 

of thê high\o!ay vehicle p~esuT)Poses that tbe guidance methods 
• • J 

used in the field wo~ld be ba~ed on ~ç leader cable sySte~. 
, • ,1 

Ifranother system were use~ then the high","ay systeI!' of guidance 
t...::' î ' ,.. 

\-lould be of little .use. Ther~ is, therafore, little of the hard- <f . . . 
, warc reouired for the highvlly;'system that could be direct~y 

adaptee! to field ')'uidance. 

Autorr.at. guidance in .}he ~om o,f automatic pilots, or 

,autopilots, as they are now called: has veen used for a lonq 

time by aireraft. Autopi lots provide blO types of quidance, 

n~mt'ly: aircrilft control in thrce c!lrnensional s!,l'lce, and cclurse 
} 

" 
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trackinq utilizing special radio signals f~ qround s~tion •• 

These stations transmt a very high frequency (VI!F) siqnal 

whi~~ carries omni-directional naviqational information. Auto­

pilots vary from the sil'tpler devices which Iteep the aircraft 

wings level ta the very so~histicated devices ~hic~ completely 

control the aircraft and follow a preset course. '!'hese latter 

units can electronically mave the (j'round station ta another 

geographic position (~ithin radio range of the, station) and 

ècvclo:, a trec~: relatcd to that position. 1\ircraft ,control 

infolT.~tion from ~~e autopilot is based on reference gyros 

which develop directional information in the horizontal and 

vertical axis. 

3. 4 M'PLICATIO~ TO .AGRICULTURE 

\ 

Gyros have been applie~ to agricultural guidance' in a 

sioilar fas~ion' to that ereployed in autopilots. Grovum and 

Zoerb (le) used a gyro ta provide a direction signal and Gilmour 

(12) used a dead-rec1r:oninq devi.ce. As far as is known thè 

second ~eature of autooilots, that of followinq'a ~redetermined 

course based on a VHF omni-directional navigation ground radio 

station, ~ûs not be~n apr>li~ to agriculture. There are 

several rei'.sons: 

1. L~e distance that VUF radio siqnals can be received 

at ground ,level is very short, Illeaninq that equip­

l'\ent could only be used in close proximi ty to the 

station 

2.'- the equipl"ent as used in aircraft ia very expensive 

3. although 't!lc equi~reent is very accurate there are 

still tracking errors which would be tao ?,reat for 
" gUidance in row cro~ work 

1 
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" 

IV. DESIGN FOR AU'l'OHATIC CONTROL OF FIELD MACUlNES 

4.1 GENERAL 

There are two methods of automating an operation. The . 
first is that of replacing the human operator and his reasoning 

, 
capability with a control system which attempts to duplicate 
his function: that is, existing machines are modified for 
automatic control. 

The second method develops a completely new system ta 
accornplish the task required1 a system in which the designer 

" 

does not need to account for an operator whose,function has been 

replaced. The new machines are designed strictly for automatic 
control. This method of approach can, therefore, be revolution­

ary as opposcd to being evolutionary. 

. . . 
Little of the world's pevelopment of automatic control 

for field màchines, however, has been of this second, revolution­

ary type. On the contrary, most developments have been attempts 
to automate existing machines as opposed to developinq new 
systems. 

In spi te of the definition used eariier which rnight' 
imply an aIl or nothinq situation, there are varying deqree! of 
automa tion • Cy • vary ine; degrees' i t ls .r.eant that some ~ but not . . 
aIl, of the operations now under human control are automated:o 
It ls useful to note that sorne worthwhile labor reductions can' 

1 be made in this Manner. For instance, the operator can oversee 
a bigger unit or a larger number of s~ll units'tPan was possible 
before. One simple way of partially automating field work would 

, 1 

be by remote radio control. As stated before, radio control has 
been applied to tractors. One human controller was requir~d for , ' 

one tractor. A more sophisticated approach would employ some 

#5 , , 
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'--
type of self-contained row guidance device, 'such as described 
before, with the human controller makinq the turns usinq closed 
circuit television to Monitor the position of the power unit. 
The controller could control &everal power units in this manner, 

incrJasing labor efficiency. The device would, however, still 
b~ subject to the frailties of human control. 

~'ost autoJT1ë:ltic guidancc systeMs develooed so far are on­
board units. The unit issuing the various control signaIs is 

pnrt of the power unit. It may, and often does, relyon 
external ~ignals on \':h i ch' i t establishe~ the guidance pattern. 

The t'ollo\'lÏnçr i5 an example of a new 3"OT'roach to autOl'ta­
tic control of field machines. It would require a central 

controller, a power unit and i~~lements. 

Central Controller: Co~~and signaIs would he issued as neces- ' 
1 

sary. These signaIs \\'Ould be based ,on telernetry received from 
the po\-lcr unit and relatec1 to a preset program for that parti-

t, 

cular operation previously stored in the controller's memory. 
pecause of the fact that the controller would be alco~puter and 
that slO\,.. Moving fielè operation would requi;e a fraction of 
the controllcr's capacity, the controller could control several 

power units, each perforning a different operation. 

If operated in a time-sharing mode, the co~puter ould 
provide guidance for Fieveral farms. The computer ·,.,ould men-

tari.ly smr.rle a job and issue the required cOlMT!and signa s 
beforc going cnte the next job. It would ~ove fro~ job job, 
rcturnihg to the starting point in a sort of round-robin fashion. 
Operations could be added to or suhtracted froM the system as 

nccessary when the fam operator (or farm operators) required 
them. Suitable control proqrams could be callcd up for a 

specifie function for a certain field on a particular farm. 
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The cost of the controller would be apread over .everal farma. 
'-, 

" 
Power Unit and I~plements: If an automatic tractor Vere 

developed then the phyaical layout of the power unit could be 

changed. As stated before, the operator of the 'non-automatic 

tractor sits on the rear of the tractor up hiqh enouqh to . 
observe the equipment operation. He can watch where the tractor 
is going and monitor the work ueing done. If the·tractor ia to 

be autor.1iltically controllad then thcre i8 not the necessity to 
) 

providc for a human operator: controln no longer need te~lnate 

llt a central position within the operator's reach: no operator 

safety rcquirel1"ents need be met, al though there will be other 

new safetr rèquirelltents for the vehiclel there will not be Any 

r~quiremertt for cabs to pr6vide for operator confort and safety. 

Since the pO\."e~ uni t \-d Il l'Dt have L'Il these limi tations 

ifllposed on i t through the nccessi ty of ~rovidin9 for operator 

convenienc(", safety and cornfort, i t now can be J-csigned for 

maximum ~ffjciency. The designer of iMplcl'\ents ~or the conven­

tional tractor hes also had similar limitations imposed on his 

designs. He has had to compromise because his device had to 

match the requirements of operator convenience, safetv and 

location. Ile could now design his implement to fit on the 

power unit, ~t the optimum point without'concern {or the 

operator •. 

A power unit èCRign~d for automatic control, i.e. an 

automatic tractor, would becorne an integral part·of the' 

co~plote processin~ unit consisting of the power u~ and 
irnplemcnt. , The auxiliary parts, i.e. the implenent, oould fit 

OVor .the pC\'1cr uni t, rnuch as the body of a car ls lowered over ' 

a chassis. 

If one discounts the automatic control, the power unit 

without the need fOI: the or~ré\.tor-oriented auxiliaries would be , . 
. ~ 

-jJ 
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less expansive to producé. This cost difference could be 
applied to the cost of automation. 

,4.2 CURRENT AUTO~~TION OF TRACTOR SUB-SYSTEMS 

" Tractors have beco~e larqer in an effort to spread the 
operator' 9 \,]orking hours ovcr Cl larqcr unit which in turn could 
cover (I\ore ground in less tirr.e. In order to do this certain 
suh-systems of'the tractor have hecn made automatic. An 
exarnple of one of the earliest attempts at automating some of 

the operations \<.'89 the governor control of the engine. The 
function of the governor i5 that of maintaining a constant 
engine speed re~ardless of engine loadtng. The operator was 
thus relieved of the fatiguing chore of monitoring speed. 

\ 

Uniformity of speed is i~portant to many operations. Safety is 

affected by non-uniform speed - lurching of the vehicle because 
of changing speed can throw the cperator off balance. Quality 
of product and efficiency of operation can he affected; for 

1 cxaople, the importance of maintaining a constant threshing 
speed within a cowbine. 

The governor not only does the job but does it MOre 
exactly than the human operator could. trowever, the governor 

• 
operaten wi~lin certain li~its i~posed by design and by 

conditions. l'1hen these limits are exceeded as, for example, in 
harvc~tjng operation in a non-uniform crop, the human operator 
must intervene. He may change to a lower gear to s10w the input 

\. of the heavy crop or, in plo\-ling, he rnay adjust the depth to 
~ keep the load uni forro. Eecause operators do not always do what 

they should, autcl'latic devices have been fitted.to some unit. 

to do the work ,autoroatically. Torque monitors have been'added 
to tr~ctors ta lift .hitch points to' reduce lond. 

'-
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If a chanCJe in depth ia made to alter the load on the 

tractor, uniformity of work suffers. Various draft sensors 

have been evolved which lift and lower the implement in 

response" to changes in draft. The better method is to uae an 

automatic transmission, as weIl as ~"other devices. ' 

The total, automatic control of forward motion of a fI 

tractor would be by: 

1. an cngine governor to maintain a uniform engine 

speed 

2. an auto~atic transmission to provide an uniform 

load bebreen the engine and the dri vinC] ,éeels 

, 3. a draft sensor to reduce or increase the load 

be~·een the engine and the driving wheels 

\ 
The priority of control \'lould be in the order given 

'above, the draft sensor having the least priori ty of aIl. 

Using that priority of control work uni..fomity would suffer 

least since depths would be adjusted only as a last resort • .. 
Coupled to aIl of these control mechanisms \-.7oulc1 be 

sorne device to deterninc true forward s~ed. Comparison of . 

wheel speed and true forward speed w?uld indicate wheel 

slippage and would control depth if the diffeDence e~ceeded a 
, 

presct arnount. At the other enè. of the scale, zero forward 

speed and normal wheel speeds would indicate'a stuc~-tractor 
condition and ~ould cause shutdown of ,the vehicle and warn the 

re~te syste~ overseer. 

These autdmatic con troIs re"uce the effort required of 
the opcrator in ovcrseeing these operations and allow him to 

devote that ti~e to controlling the machine. In most cases the 

autornati~ monitors perform the function better than the operato~ 

coyld. ~s statc~ prcviously, fa'igue affects" the overseer's 

.. " ""~ . 1 
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quality of work but not that of the machine. Thus, automatic 
oPejration of a IIUlchine can maintain more uni,form quality of work. 

1 
\ 

Some functions have not, aS yet, been auto~ated. 
Instead, the brain of the operator is depended upon for control. 
Chief among these functions is the guidance operation, where the 
eye of the operator i5 relied on to initiate the necessary 
muscular reaction for correct guidance. 

4.3 REOUlRE~IENTS FOR A GUIDANCE SYSTEM 

In order to design the guidance system it i8 necessary 
",,-

to determine what the i~puts would be. Once the inputs have 
been determined then the design of the replace~nt system ls 
begun. 

The guidance requircd from the o~crator of a tractor 
çan be broken down into several functions or stages •. These 
are: 

_0 

l,. Straiqht-line Guidance 

., 

.. , 

i. The ",ord straiqht-line ia some,.,hat of a 
~isnomer. The work i5 started ~s a straight 
line and will continue a8 a,straiqht line 
only on fields without irreqularities, such 
as h~s or hollows. In fields where these 
occur, the work will not continue as straiqht , 
lines owing to the extra area of a hump or 
hollow in comparison to the even area with 
the samè outside dimensions (Figure 5). 

Coupled to the f~ct that there is extra area. 
--in a re~tanqle containinq a hump or hollow ia 

1 the problem that, when the devic8. is working 
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Jalong ,a .lope and ita steering mechanism 
1 

calls for a track at an an~e ta that slope, 
it does not exactly follow e steering 

mechanisM. ~he final dire ti~n of travel ia 
at 
by 

of 
by 

sorne anqle between the direction intended 
the steering mechanisM and the direction 

slope. An operator cOMpensates for thia 
crabbir.g/t~c tractor no that it climbs the 

slope as fast aS gravit y ~ulls it down t~e 
slope. This side slip is further complicatcd 
by the side thru~t on the implern~nt. 

There ar~, therefore, two problems, the 
first b~in~ the increase in area caused by 

the to?ogr~~hical irregularity and the second 
the 3ide slip created on the power unit by 

the slope. 

If the guidance system is to be control­
led through the use of leader cables, these 
can b~ im~lanted in ~uch a way as to compen­

sat~ for the prohlem of the extra are a created 
by the irregular~ty. If the guidance ~s other­
wise nrovideè., or if the leader cable were -, ~ 

installed in straight lines, then the only 
way to conpletel v process the area 140uld be 
to deliberately plan for processor overlap. 
Th!;:; could creatc orohlenn in rO\oI crop ,~ork 

or in seeding. Since r~ls must be equidis~ani 
fr,om ('ac11 ot!1er, the llrea JTd~ht have to be 

manua'lly pl,,-ntcd. The extra seed involved in 
\ 

seedin9' ~~ht be offset by other"gnins fram 
the autol'latic system. 4 

" - ,1../ 
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ii. "'.aintenance of proper clearance fram the 

previous' pass of -the machine to prevent 

machine overlap and underlap or the mainten­

ance of the correct distance of the _chine 

with relation to the crop. 

iii. f.!aintenance' of correct speed. \ The maintenance 

, of speed and load are now auto~ted but the 

operator can override these functions, if he 

wishes. 

IVe Correction of Machine problems. "aintenance 

of correct machine functions i8 dependent on 

the operator' s perception. More functlon8 ' 

will need to he automated. Some have been, , 

as for example: combine speed control related 

to the discharqe of qraip froD the rear of 

~~e ~achine (21); automatic self-levelin~ of 5 

~~e combine body (V.S. patent 3,703,298); 

aqtomat.tc colt'.bine header height control (U.S. 

patent 3,704,574). 

Turninq Gui~ance, as required 

a. to avoid obstructions 

b. to begin a new rass ACro,S the field 

The turninq operations to begin a new pus 

comprised of: 

are 

i. raisinq the implement, if necessarv. at the 

correct point 

) 

ii. turninq ta run at riqht anqles to the previous 

direction 

iii. contf.nuinq the run in this direction" as far 
as necessllry , 

o 
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\ iv. tutninq to a new path IBO deqreee removed 
from the ptevious prime quidance direction 

v. if neceasary, lowerinq the implement 

28. 

vi. speed control, as requi'red, durinq the turn­
inq sequence. The apeed of tqe power unit ia 
reduced as the point of turn commencement 
approaches. It may be increased alter the 
first phase of the turn (usually 90 deçrees) 
has been,effected. It is again reduced prior 
to the second phase and increased to no~l 

,field sreed at the end of the second phase. 

Tu~s so~ettmes are nO~'exact functions of the 
angle assumed h~r the steerinq mechanism. ~>1hether 

the vehiclc turns exactly i·n response ta this anqle 
is dctermined by sever~l facto~s. Theae are: 1\.:r:'1 

a. speed, anè hencE' its e'ffe$t bn 

b. vehicle inertia 

c. the traction of the steering mechanism on the 
surface 

d. the field surface characteri9tics - loose or 
\oret surface will provide different tqrninq 
r~sponses 

e. the e!fect of the processing dèvice. ~ trailing 
processing ~evice absorbinq a large amount ot 
draft force will tend tô keep the power unit 
moving in '" straight· line despi te the ~act that 
the steerinq mechanism is calling for a turne 

Often, in order to force the power unit to 
turn in the direction beinq demanded by the steering 
dcvi cc, ù l::-rllke ~us t be a~plied to the dri vinq ,,'heel 

~, 



~.r .. -

• 

;: .• 
i 

1 

" . 

.. ~ .... ---1' '···'"r··'J'·';';"·- V····.,-·I·-~·_·_·Çl··· 

on the side to which the turn ia to be made • 

3. Commencement Guidance 

This include9 the establishoent of the firat 
pass aeross the field and the delineations o~ the 

extent of the work pass, i.e. definition of head­
lands. 

4. Termination ~uidance, includes: 

i. the dechSion that the work is to be 
terminated 

<.. 

ii'. the method of termination 

An example is the furrowing.out at the finish 
" 0 f plo""ing a section, or the adjustrnent of the 

final pass acr09S the field as required by the 
~roxirnity of a ditch, fence or other field boundary. 
Fields with non-parallel ogposite.sides crea te 
problems. 

5. Other Guidance 

The four stages out1ined above would be followed 
« for rO\" crop harves ting; but the CJuidance requlred 

for certain cropping operations does not fit these 
four s taCJes. , In '1r ai n harves ting, for example, i t 
ls custo~ary to harvest by continuous travel a~und 
the area. 

Thus, a guidance system would have to he 

develo~ed for the continuoua system of harvest. It 
rnight be less expensive to use the guidance technique 
outlined for aIl crop'operations even though there 
wou14 be sorne 1099 of eff!ciency in th!a metho4 a • 
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COI\\plrott to ~he continuo\ae hl.rv.ltinQ Mt.hoc1, ~I 

"~.t1nitlon ot aom. ot th. work p.r.lft.t.~I' o.n nd\\ft . / 

~ld.nc@ r~lo~., Th@ romo~.l or Obat.cl.e. oliminAtlon Qf 
h •• dlèndl ~nd th~ er.~tio~ nf fiolde of .. n .von numbor 0' 
ltnplomont -.'idth wld. "tt}\lld "\"'t'11~. control pIOOOcS\lrt" tOI' th. 

" con t.rol lCII;'. ,A~ •• whl~h cannat bo oonwl'ted to '\lit"hl. ah.pe. 
)) ( ri 

"'''--\' ~l t.h~r h:\\~ ta bo ,,",'Orhoe.t manu:111" or t.êkot\ O\1t oC t~. crop 
.Y~ h~t"\ h~c~\\ot~ \, f th~ ~\1\'C",-~ e~"t'\'ol eOI\\pl"K \. tV. 

. .' 

-' 1. 1\1 rn:.ny af t.h~ l''tnol' cont.rol t\1netlono êl ",o •• tbl. 
mUDt br r"àtlf' Autot'!\"tie. 'rho •• will hocoma ''''1.11 
IU\}-'\'" t(l~~. c tn('hlt~~~ woul~ ~~, t.h~"~n9fno Ip.OÛ 

C'C"ntrol. t'l(l ,"OhlC'l~ ftf\Qod control. (l\\lt.ol'l:\tie 

tr4'n~r.\iIi"hm.>. lh" lOêt1 control. tho wh •• l 13111" 
1 nd lCA~r "nd tho dClttc:tiof\ "i·"t.~ t.o d.t;.mlnt .. '. 

:. Uajof C'nntl'Ol tuncti\lna m\1l11t. b. controll~ by thG 

MA(n ~\'.h~.'\"c~ 8\'1t.0'" thro\lgh Il fom of 'ProQrM'ffl.d 
~ntfo l. pl>('I~~t (01' t'l'eh (\f'0fAtion !or a 't'oei tic: 

,,,"' ar~~ (ti .• ld). 
J 

3. 'rh. (101\1 II\U.-t b. t"iltn'.d to th .. Iy.t.", in Ofdor 
lu ~inpl i ry i t l'}'t :ll t:4)!'t nq ti.ldy- .. i •• or ~. 

'J 

l Nno\'ing (I~\~t.r\.\<:t101'~. .11minAtill9 t\."dlAQ4 C\ll ti­

'""lh'n. If hOêtUAnd cmltivntion il roquiroc1 the 

c:mllh'.:ttiC'l\ ~l·A('!tlcC'° Ihouh' h~ chin<tld to provit.1. 

cult'i\'ation wlthout th. n.c:.II.lty of oithor dl •• n­

qft9inq o~ TAlalnq th. implomont. 
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·4. The power unit must he de8,1q~ed as a power unit 
only. AlI parts would be easily accessible for 

rapid service.. The quidance controllel;' would be, 
located at one point on the machine, remote control­
I1nq other-' functions of that machine from that 
point. The controller should be lI'\odular in form, 
these modules being pluq-in units for ease of 
servicing in the event of malfunction or failure. 

4: 5 DeSIGNS 

Previously, it has ~een Suqq:sted that the ~st ~:::qn 
for autowation woul~ center around a central controller which 
woulQ control differen~ operations in different areas at the 

SaI"C time. 

One scheme for rlevelo~ment of a methoè for land cultiva-' 

tion used blo po\':er uni ts located at ooposi te sides of the area 

to be processed. The pr~cessing unit (a reversible plow, for 

... example) was towed back and forth between the two uni ts by .la 
• cable. The two pO\'ler units moved alonq the edge of the field 

in incremcnts of distance as the area was processed. 

There are several advantages to the system: 
~ 

1. an aceurate 9Ositioninq was possible allowin~ qood 

repeata~il~ty for subse~uent passes 

2. there ~ere no probleros with laek of traction ainee 
the draft was provincd by the cable from the power 

units 

The processing unit, if it required vertical support, 
~las lT'ounted on e~storl.ng ~·heels ,,,,hich allo\'led the unit ta move 

frcclj· in the èire:ction dictateè. by the cab les • Cables would 
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tend to mave the processing unit in a .traiqht line Aero •• 

depressions. 

Such a device, although it seems futuristic in its 

conception, was built and used in 1859 in England (14). A 

modern adaptation functions in the Netherlands. 

32. 
d' 
\ 

Unfortunately there were many drawbacks to this system, 

not t~c IC2.st of t'hich -t,'as the anc'1oring o~ the !?O,,;er unit and 

itn cawoanion unit. In addition, there vere problems related 

to cables. Eut sup~ose the system were updated and instead of 

cables another method of guidance was used. The ~rocessing 

devicc, instcaè of being passive, t-'Ould become a power un~t 

carrying the particular rrocessing device required for the 

operation. The po\-:er unit \1oulel carry aIl of the autoJ1\atic 

contraIs ~ecessary ta t~e proper functioning of both ~wec unit 

anè processi~g unit. A~guidance r.echanism would be requlred ta 

allrn~ the p6wer unit to follow the path laid down ~y the control 

unit. This path could be a laser beaJ1\ or a narrow beam electro-
~~ 

magnetie signal projected by either of the bwo control units,~, 

depcnding on ,,,hich han control. Beth controllers \o .. ould carry a 

laser ~rojector and rcceiver. The device controlling the power 

uni.t, è.t any given point in title, would be the c!evice f,rom 

,J-!hich the processing unit \-las proceeding. He anwhile , the control­

le~ at the other end 0:': the area being processed " .. ould advance 

uVtil its rcceiver lineè up with a second control ~e~~ projected 

by t~~ first controller. T~e anale of projection would determine 
" the' \.;id~f t'le ara; h€:ing t~or!:('d. ~1hen control was sldtched 

fraM t~e f· rst control!cr to ).:he second, the former would then 

a~vùncc th re~uired incr~~t. ProY-i~ity-sensing devices on 

the pm·-er unit Fould èet~et the area boundary and the power 

unit ~ould tegin a 90 deqree ~roqrammed turne (The proxi~ty 

detection èevice could be a modification of the laser obstacle 

d~tection device èescribed at the 1970 conqress of S.A.E. (27).) 
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A second 90 degree programMe<! turn would be ~ffected when the 

power unit interceptcd the laser beam from the controiler at 

that sarne end of the area. The power unit would travei away 

from the controller, followinq the laser bèam (Figure 6). 

The laser beam should be narrow in the vehicle path 

direction and wide in the vertical di~ection, the wide vertical 

beam bcing created by turning the projector through a vertical 

arc at regular interval~. !!y TI"ounti1Jg the r'roj,ector and 

receiver as high as possihle and utilizing the wide vertical 

bcarn, guidance would be ~rovideè over undulating terrain 

(Figure 7). (Higher hills "muId ~till crea te beam shadows 

prevcnting operation.) In spite of the advantages gained from 

a higher receiver mounting, height should be kept te the 

minimUM re~uired unless provision W3S made to keep the receiver 

mounti ng vertical. If i t \-lere not v('!rtical and mte vehicle \'1as 

rnüving across a slore, thcre would be an unèesirable path offset 

(Figure 8). 

~ If the laser receiver could be oositioned on the 

vehicle in such a way that it could 'see' the ~aster controller 
--u 

whether the vellicle Wé:.S rnovinq nway from or tO\o1ard the control-

1er, the gui<~ùnce system could he simplified. The slalle 

controller \o.'ould not be needed. One receiver could receive the 

laser from cither direction if' it ""ere mounted to face vertical-, 
ly up and fIIirrors "cre user] to reflect the laser from ei ther 

direction down into the re·cel.ver. Loss of reception of the ..,. 

lél!)cr bearn could be tolcratcd for short neriods of time durinq 

a pas~ and for longer pricds during a ~rogrammed turn., If 

reception were lost on a pass for more than a fèw sçconds the 

equipI'lcnt ",·ould fail-safe, Le. stop, (Figure'~). . , 

The laser beams ~ould provide a method of guidance as 

accùrote as that'obtained from the buried lellC~er cable. Unlike < 

" . ~ , 
~~ 
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the buried cable ll\ethod, however, this operation would be much 
, , 

more flexible in that it could easily be chanqed. The system 
can be ea$ily moved to another area. 

, 4.6 POllEP UNIT REDESIGN . 
" 

Stecring: v~ to ~~is po~nt the auto~ated p~'er unit has heen a 
redesigned tractor built for, auto"atic control and without a 

driver's position or any driver-oriented devices. r.~ost guid­
ance systems, th~ one jUgt dcscribed included, are designed for 

vehiclcs usir.g the Ackerman-tyne of steering. T':hen the front 
(and/or rear wheels, in some instancès) turn at sorne angle to the 

longitudinal ùxis of the vehicle, tte ~ving vehicle executes a 
turne The system coule' be a:?plied to the type of ,,,heeled 
vchicle \\'!lcrc steerinq is achieverl by articulatcd front and 

rear sections. A point at the .I~centre of llny o( theRe veh:lcles 

~ .. ould describe an arc -as the vchicle turned. 

There is another reethod. If aIl of the wheels turned, 
in the sarne directior., to a new angle of 90 degrees to the 
longitudipal axis of the vehicle, the vehicle would rnove at 
right angles to its previous ~ath. The word 'turne would then 
not be a~~licablc since the vehicle ~~uld still be oriented in 

the sarne co~ass direction as hefore. Again, if the four 
~heels turned another ~o degrees in the same direction, the 

vchicle n~ \Ioulé' movE' across the field on L\ !)arallel !)ath, 180 
dcgrees fro~ t~e first path but the body would bé unchanged in 
èirection. (t';hether the \'lheels actulllly s",ivelled a further 90 

degrees or "'cnt bëlCk to the ori qinal direction and r.versed 
rotation, is immaterinl.) Vehicle course direction ehanqes 

could he made at any angle. 1 f each wheel ,"ere inde!1endently 
d~iven by a hydraulic or electric mator and the swivellinq of 

" 

·' ".1 
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the vertical wheel mounting shaft controllad by another motor, 
8uch a vehicle would be feasible. The body would be art1culated 
et soane point ta allow for uneven ground (Figure 10). 

Implements: There are many ways of mountinq implements on 8uch 
a power unit. One method would utilize a tool bar 'or an adapta­
tion of the three-point linkage at each end. Sorne reversible 
~ple~ent8 could b~ used and either pulled or pushed, dependin~ 

on direction of travelo One other concept would employ ~ fifth 
wheel type of i~p1cment wounti~g which, if necessary, wou1d be 
rotated through 180 deqrees at each end of the field. 

ImpleM~nt Attachment: \1 though the term fifth ,.,tleel might 
inply ft circular turntahle type of attachment surface, the 
device nay be rectangular. One of the many forms that the 

Yattachment could t~:e is shown in Figures 11 and 12. 

Provision is Made to provide for two types of implement 
attllchrncnt: 

1. Attachment of implements, such as plows, which 
\ would he more or 1eso oompletely carried on the 

pO\~er ",it, tdll be to the outside attachment 
points as per Figure 13~ 

2. Attachnent of other iMplements which are only 
partially carried, such as the combine, would be to 

the tt:o centre r.lOunts since sorne of the iIT'lplement 

weight \iill be carried on cas~orinCJ rear wheels. 
This ~ethod will also allow the irnplement to pivot 
in ~hc vertical plane, indcgendently from the power 
unit, as both units t':lOve over uneve,n terrain' 
(Figures 14 and 15). 

P~'er for i~lement o~eration might be obtaincd 
!ron': .1 !"O\'cr taJ~e-o!'f shaft locatcd bch:een these 

- ,1.., ~ ~ .. :' 
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two mountinq points, hy~raulic outlet., or an 

electrical outlet. Coupli~g' devices for sensor 

inputs frorn the combine ta the power unit would be 

located at the same point. 

'A small hydraulic cylinder on the attachment 

device would lift or lower the impleMent for 

attachment or detachment. Suitable legs'on the 

imolemen t \o1oulù lock dOl'ln to 'support the implement 

llhen detached. 

Guidance: Guidance for ~ vehicle would be simpler than that 
, ,-

rec:uircd for the vehicle \·71 th normal steering. One laser 

controller only \-muld De required, since the v(!hicle body would 

face only the one direction. Path reversal at each end could 

be controlled by: a leader cable or a laser beam, or a proxi­

mit y oeviçe detecting the distance to a fence. 

Changes in power unit tH rection required at each end of 

the field path \-7oulè:. be effected by all four wheels. Guidance 
J 

~ f~~ 

signaIs,' correcting the pa th across the field, could be made to ';, 

Act, on one pair of \-,heels br on all four. 

The basis of the systern would he one self-po\-lerf;!d 

controller l'nd one autorn~tic po\ver uni t. The C'ontroller would .. 
advance along a preset pcth ~nd al1 power unit pa~ses across 

the field Kould be made at riqht anqle,s to this path. The path 

might be deternined by: a guidance cable which was simply an 

electric f~nce wirc with clips on· the wire to set the pass 

~'idths, a leader c~blo buried in the ground or, for that matter~ 

~nothcr laser Lcam. . 
" . 



.," 

1 

e-

v. ECONO~ICS OF AUTOMATION , 
1 

'" 
,_Often it 15 stated that if something cannot pay for" 

itself then it' is not" justified economical1y. However, this , , , 

,qives on1y part of the story since there are considerations 

other than the economic justification. Sometimes, because of 

changing conditions, there is no other way to accomplish the 
f 

operation -" shortaqe Ot labor be_ing a prime exaI'lple. 

- ) 
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.' 

1 

~fuat ~re the econo~ic justifications for automation? 

1 . 

2. 

~ 

Less l~or i5 required for a specifie ope~ation &s 
\' . 

rnechanization of ~hat oneration increas~s. The 
• - 'r 

!ormr.r ~st of. th~5' labor can be a~plied against 

the cost. o~ ro;chnnizéI.tior.. The averaCfe farm 
" . 

labOrer "in Eastern Ontari.o a,nd Nestern Quebec is 

paid' y dollar~ p~r heur. If an àuto~atic tractor 

does not reqllirê a driver then the., saving 15 Y 

times the total n~ber of hours that that tractor . 
is used per :Je~r" le,5s the cost required to main tain 

the systeM. % ,/ , 

A tracter 15 uscd fQr a 

day. This nUMher could 

but in.practice this is 
• reasons. 

certain number of hours per 
,r"t, 

theoretically he 24 hours 

not approached for two 

The first reason i5 that a specifie time is 

required to service the tractor. Changes 'lf1t:teQhni­
~ 

ques of service and in ~ractor design to reduce 
'. 

service tine can shorten the service time or , 
lengthen out the periods between service but it , 
cannot he el,iminated. For example, ciuring car 

races the length of service tir.le ,1s redu!-=ed. to a 
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minimum. I~ ol'der to do thi" uny skilled 

mechanics are used for aervicinq. However, the man 
• . hours for service tirne are high. 

The second reason thât 24 hour a day operation \,. 
Is not approached i8 the limitinq factor of the 

human driver. Ile eventually needs his own service 

'~ime for reat and relaxation, refueling and sleep. 

Thi,s can be overco~e by using tuo or more drivers, 

working i~hifts. However, excluding service time 

and presuming aU operators operatiflg under similar 

conditions to be eC{ually efficient there will he a 

difference in tractor efficiency between shifts. 

Daytime operation ",il1 be more efficient than 

nighttime ~ecaune of the operator's ability to see 

better. 1 
/" 

If an automè\ted tractor were used it could 

operate 24 hours a day, less the required service 

time. Each hour would he equally efficient since 

the guidance system would be unaffected by light 

or darkness. 

~ 

. As "del1opstrated, conventional tractors do not 

operûte 24 hours a day and this ll'ust be accounted 

for in deterrnining the size r,equired when a purchase 

ls made. Allowirig for til'\eliness there are only so 

Many days in which a specifie operation, csuch as 

,rlanting, can be accortplished. Every dfY~â1::,e in 

finishir-g the operation exacts a penalty in yield. 

For example, the most recent issue of the bulletin 
J 

Corn Production in Ontario published by the Ontario 

llinistry of Agricult4.1=e and Food statec1, "yield 

reductions of as much as three-c:ruarters of a bushel 

• 

• 
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par day will result as plantinq i. 4elayed beyond 

the optimum date". One INlchinery l'\anaqement 

computer program (2) incorporates a cost !>f!nal ty 

factor related to ti...eliness. If SOM time iJI lost 

because of operator service tir:te, a larqer tractor 

and larger implements must be used to .ake up the 

differenee. However, the autolm1ted tractor can 

more closel~' approëlch the 2' hour a day operation. 

'\, A !a"'~llcr unit e(\n be us cd Ifor the sante size of 

operation siree it \porks a !longer time, or 

conversely the sa!lte si ze uni t can cover more work 
, 1 

per 24 hour day. Cf course, this line of reasoning 

works only on t~ose operatfons which are not 

dependent on the sun. Ope ations, such as haying, 

where dryinq ls dc!'endent n the sun, could only be 

continue<! for part o! the hours. 

l'.r.tOng the first AutoJrlated dev ces "'ere the so-called 

automatic scre\v Jnachine CJ • These devi es produced simpfè i tema 

which were fOrr:lE'rly ",ade by opèrators on lathes. Once oerfec­

ted, the scre\l machines turned out h dreds of units and were . --. 
stop?e~ only for servicinq. Producti n of the i~ increased 

l'nù tht> <!cality of the items Since there was no 

/~perator involved who could become f t!qued, sidetracked or 

\ take coffee ~)rea}:s, quali ty remained consistetÎtly' high, if the 

, ..... ~ine was properly l'\aintai.Màec!. Oc &sionally somethinq could 

go ,~ron9 and the rachine ",ould rrodu fi' c!efecti ve parts but 

cilreful design miniMizcd this probab lity. A human overseer, 

of courne, '-lOuId detect the defect. built-in detection 

for c1cfcct,::; \{as addcç and machines s .utdown thcmelves. 

The same performance ia tru 

~ Its ';'k,rk woulc1 b~ uni,rJ!\ since i t 

fatigue, bO~~~istractions. ' 

/ 

an automated tractor. 

not be subject to 

s stated ~fore, t.'lis -
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, uniformity would continue houJ;' alter ho ur , day or niqht. 

Once the screwmachine was automated certain other 
machine operator-oriented functions had ayào to he automated. 
These were functions related to the safety of the machine'­
lubrication supp1y, for example. F~iIure of a component 

, 
affeeting machine safety resu1ted in either mae~ine shutdown or 
an alarn being given, aIl functions of this type had to he made 
operatc in this fashion. hn autoMatic tractor would need ta he 
simil ar. Tractor safety-oriented functions \rould be oil 
pressure, cngine tc~perature and fup.l level. The automatic 
tractor '-lould have to provide either ,~arninq to those in charge 
of servicing or automatic shutdo~rn. On.a standard tractor such 

; 
things are 1eft to the o~servation of the operator. Therefore, 
failurE' by the humar.. to ooscrve fallj ng oil pre~sure or 
incrcllsing teI:lpcrature still lCl'\ds to expensive repaira. This~ 

the automated tractor ~;ould avoid. 

l-10reover, les!'i than accura te cont~ol by the human 
Il 

operator can reduce crop yield. Care1essl< eultivation, careless 
adjustment of~rnplements as these proceed across the field, 
wrong speed, aii can cause reduction of yields. Farm tractors -
and implements have inere~sed in size in an effort to spread 
the operator's time over a larger unit in' arder to make more 
efficient use of his labor. However, qua1i ty of work from the 
larger imp1ements can be lo\~cr than that from sl'!\aller uni ts 

,{ 
since the larger l''achine tl'ay Rcal!, the to!,s of hummocks and '-' 

inadeqtuately cultivate the bottOM of deoressions. T4ken to the 
extremc, inaccurate control can result in dama~e to the imple­
ment or tractor and even Qar.age to the operator. Proper ~esi9n 
of the auto~atic tract~r would ninimize theae nrobabilities, . , 

rcsulting in further economic gains. 

.. 

Research hy thc United State~ Dcpartrncnt of Agriculture 

, . 
, .' 

" 
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has sho\om that a 15\ gain in crop yi81d 18 possible by simply 
h~ving the tractor follow the same ,path every time it performs 

Any operation in that field (13). Undesirable soil compaction 
ls confined to specifie areas. Therefore, accUrate repetition 

, of trave1 is essential. T~is would be possiblé with automatic 
guidance. 

5.1 caST prLDICTIO!IS 

It hûS been 8uggested that if the work were spread over 
24 hours é\ day, \"h~re possibl(\, certain econorrlcs could be 
effected. The corollary to this statement was that equipment 
intended to do the job in a normal lenqth of working day could, 

, 
therefore, accomplis!"!. Mucn ll'ore OVf'r a longer day. ';l'hrough the 
use of a Co~solve (4) ~rogra~ the fOllowing can be predicted. 
(Cornso1vc lS a fiJcili ty de-velo!,ed by the Ontario ,.oinistry of 
Agriculture and rood to 9rovide co~~uter solutions to aqricu~-

~ 

tural engir.ecring rrcbleMs. On~ of the p~ograms evolved by the 
author predicts trê'ctor horse!,o\-'er requirE'J'"ents for several 

farm opera~ions ~nd the average cost of these operations.) 
Suppose, on an eXé\mp1e farn, ft i5 intended to gro\'l the follow­
ing Dcrcagc3: 60 acres of corn silage, 65 acres of grain corn. 

dl 

10 acres of Rrr.all gr::lil1rJ, 75 acres of Doyheans and 80 acres of 
h~y fer h~ylage. One tractor js to supply the Motive power for 
the operations of: r1o\:inq, disc-hl"rro\·I!r:g, cOmbining, corn 

forage "'orJ~ and haylage: Of these, cornbtning is dependent on 
the sun ~or conditioning of the grain, and haylage is partially 

d~penoent on the sun. The rest could be 24 hour a day opera­
tions. The proqr~m rc<;ltirC's user entered vari~.bles. These 

relate to soi1 type, field 5~.tes, acreag~s of various crops, 
nunbcr of o~erational hours ~ir day and cro~ yicld data • 
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U8inq this information and built-in parameters the 
• 

proqram calculates the power take-off horsepower required for 

each operation. On the assumption that ~e fam operator will 

use a tractor of sufficient horseDOwer for the job ~equirinq 

the largest horsepower the computer recalculates the effect of 

~sing this large horsepower on each of the five operations. 

Certain costs occur related to the size of the area to 

be ",·orJ:ed. Tl1ese include fuel, lubrication ~d renairs. It is 

reasonablc to su~~ose that regardless of the tractor size that 

fuel costs, re~air costs and lubrication costa will be nearly 

the saMe for a specifie area. Stated another way, it requires 

about X gallons of fuel for an o~eration over a certain number 
of acres regardless of uhether this operation i5 done in Y hours 

or Y/2 hours \lith a tractor of Z Or 2Z horsenower. However, the 

capital cost of the tractor, cost of its de~reciation and cost 

of investIrent will be less per year for a cheaper, s~aller 

tractor. These latter are L~e fixed costs. 

Labor costa are fixeè per hour of operation if an 
,opera'tor is required. The blo most relevant ~osts then will be .. 
the fixed cost of the investment and the labor cost. If a 

smaller tractor is used over lonqer hours without an operator 
then a saving should result. 

Using the acreages qiven ahove and the data built into ~ 

the program, both ,·li th regard to. the number of days available 

for each operation and the related \'leather data, two sets of 
1 

tables \!cre gcnerated. The only change bet\oleen the sets of 

tables is in the nurnber of hours the tractor is operated per ~ 

day. In the first set (Tables land 2) the number of net driv­
in9 hours for plO\dng, disc-harrm.,,ing, combining and f'orage 

chopping of corn and haylage \ ... ere set to 10, 10, 7, 10, 10 

hours, rcspectivcly. In the rest of the tables (Tables 3 to 6) 
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the sarne information \-las used except that the hours ot opera­

tion were set, to 22, 22, 7,' 22, 12, resp8ctively. It was 

presumed that the automatic power unit wou Id require 2 hours ... 
per day for servic~ng and refueling. In aIl examples the 

amount of time spent at jobs other than those liated was set to 
zero. Investment costs are based on costa of conventional 
tractora and since the second example requires 'the 1esser horae­
power its coat was lower. Table 5 ia based on an automatic ., 
tractor costing $10,000.00, instead of $5,824.00, as calculated 

by the prograrn. This cost.selection was atric~ly arbitrary. 

The basic power unit, since it would be strip~ed Qf operator­
oriented controls would be lese expensive than $5,824.00. The 
dlfference bebleen this and the $10,000.00 used \-Tould b~ the 
cost of control hard\l1are. For the final table (Table 6) the 

automatic tractor cost was set equal to the cost of the 102 
1 

horsepmJer tractor. 

5.2 ANALYSIS OF TABLES 

Table 1: The first part of Table 1 gives the optim~ power 
1 

t~ke-off horsepowcr required for each of the five 
operations as weIl as the total crOD acreage, màchine 

size and hours of work. The largest horsepower 
requlred ia that for plowlng. (The horsepower of Any 
operations rnarked wlth an astèrisk ls ignored by the 

p 

computer in oetermining the largest horserower.) The 

seco~d part of the table is a recalcula~on of 
machine size and hours of work for each of the five 

operations using the 102 horsepower calculated for 

p1owing. Total operating time ha@ been reduced from 
266 hours to 189.2 hours for these operations. 

" § 

" 
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Table 2: This table shows the estllMted COlts for operatinq 
, 

the Ib2 hor8cpower tractor for the 189.2 hours. The 
program has estimated the tractor to coat $12,212.00. 
Hourly cost i9 $13.20. The total cast for the year 

18 $2,496.47. Of this amount the fixed oost which 
includes depreciation and interest i8 $1,636.41 and 

the labor cost is $435.10. The total cost less the 
labor cost i5 $2,061.37. 

Table 3: Horsepouer require~ents and hours of work are calcu­
lated for a tractor operating for the longer hours 
Per day, a5 outlined above. The larqest &Mount of 
horsepo\.'er (49) is required for haylage operations. 

Total tractor ho urs for the five operations are 415.4. 
This number drops to 384.1 when the data are recalcu-

1ated using 49 horsepower for eacb· job. It should be 

noted that the hours rcauired for conbining using the 
sma1ler tractor have risen from 16.1 to 56. a. 80 that 

completing the co~bining operations within the ti~ 

available could be a probl~m. 

Table 4: This table contains the oost of operation calcula-

Table 5: 

tions for a 49 horsepmler tractor estimated to cost , 
$5,824.00 operatinq for 384.1 hours. Fixed costs are 

$780.49 per year and labor costs are $883.53. Total 

annual cost less labor îs $1,193.65. 
"-.. , 

"-
" Ji ........ 

Ta~le 5 givcs ~ costs of operation for a 49 horse-
power autorn~~tractor estimated to cost $10,000.00. 
Fixed costs are $1,340.00 per year. Total annua1 

oost less 1abor is $1,913.56. 

f 
'. 
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" 
Table If This time costa are computed for a 49 horaepower 

automatic tractor estinated ta coat the same 'as 

102 horsc!,O\o~er tractor, that beinq $12,212.00. 
th!s table'fixed costa are $1,636.41 par year. 
annual co~t less labor ia $2,294.94. 

the 

In 
Total 

5.2.1 Summary of Tables 

Cost of o~eratin9 t~e ~nua1lv ooer~ted 102 horseoower 
tractor va1ueè at $12,212.00 $2.496.47 , 

Cost of operatinq L~e auto~tjc 49 horsepowcr tractor 
valued at $5,824.00 S1,193.65 

Difference fro~ 102 horse~ower·tractor $1,302.82 

Cast of operating the auto~tic 49 horseoower tractor 

valued at $10,000.00 $1,913.56 

Difference from 102 horsepo,.,er tractor $ 592.91 

Cost of operatina the automatic 49 horse!lQwer tractor 
valued at $12,342.0.0 $2,31G.47 

Difference from 102 horsepower tractor $ 18n.OO 

The difference in cost between the manua1Iy operated 
102 horsepower tractor and·~~e ~uto~atic 49 horsepower model 

va1u~d at $10,000.00 wouid he approxiPAte1y $600.00 per year. 
hddcd to this differencc would be-the econOMic advantages 

attributable to better uniformity of work. These latter costa 
, houevcr, , .. ou Id be difficuit if not impossible to predict. 

The tables ShO\i the fact that" if the 1abor were avail­
aJ:.!c, thC're \-1O~e be a financial advant.aqe to using the small 

tractor long hours instead of the big traètor over shorter 
hours., 

Ilowever, there is one advantaqe of the bigger tractor •. 

.' " 
. , 
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Al.l of the t.ractor houri for e.eh operat.ion ara a.leulat.do fram 
inform~tion based on wcnthcr data ineorporated lnto the proqram. 
The Province of Ontario waa arbitrarily divided int.o six 
reqiona. Tho program contain. the numher of deys availablo 
durinq tho Avernqe yanr tor eaeh of the five operations. Th ••• 
numbers are ba,od on long tarm waather data. Thua, both 
tractorn opornte the ~nme nurnber of days. The sma11er tract.or 
sjnply ~~erntnn long~r houra ~cr ~ôy. The weathor data 18 

br !l('(1 on lon~, tC'r", ,~\\'C'r.."!.C1'='~. !!' th~ ~'olr turns out to br' 
':lclvcr!:c \lj th fc\,,~r \-!I."\rld.nq day9 the owner of the biggor tro.ctor 
can run it for lon9cr than normal ~eriodB eaeh ùay, to make up 
thoBC dny3 ho co\üd not op~rato, orovidinq he clin ~ ind the 
lnbolo. The rd2C' of the sm .... llor tractor ~tao oalculatoà on the 
bnsis of opcrating (or longer heurs and there la, tha~efere, 

littlo r.l.1rqin of saf(ty. (':'1lE:ro la ft SI'l\l\ll m~lrgiJl'" ef safety 
b~cauo~ in lho roc~lcul~tion o~ oper~tions u.in~ 49 horDopower 
tho tolon} hours of annual \lSC clrormod trom 415.4 ta 394.1.) In 

th.:l t cas('t th('re '.'f.lU 1 d 'le an advlmtaga in owninq the biC'lCJ(lr 
~:t'''lctor if the extra lübor \!~r{' available. The a~ument hinCJflll 

/" on the \,tord if. 
1 
" tJAinq the fi~~uro9 gi ven above, thero il an advant(1qe in 

" ~~vor of the l\utomntic tractor oven allowinq a 12it .1.ncrcase in 
, ' 

, C03t o~~r ~hc non-autonatic. for the auto~atic tractor ot 
cqual cont to the lr~ ~owcr tako-off hormepower tract~r, alter 
suL,tl"~ctin<J the lobor cOCJ t, thE' nutom.:ltic tractor was aporoxima­
tely ~lCO.OO chenpcr per ycar. The cost of $12,212.00 (as , 
cùll'ul\,tr (1 l'Y the co r.'!'1 Il ter) ro['rcsentA a ~lO' increaso in cost 

\ 
ovor ll·'!;t<'.nclard trnctor at 55,824.00. 

T'hC' cont of the C'Cjujpm('nt to nutol'1atc \'.'i11 bo nlMost 
the game regardlC's9 cf the tractor size. If it is desirllble to 
roduca tl10 ri~J: then il lnr()cr unit thiln that rCC'Juiro<l tor 22 
hours n dny, opcrntion could be sel~ctocl. The ,fnrm operater 

/ 

" \ /1 , 

? 
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miqht feel that the additional fixed COltl incurred would be 
offset by the lo,,,er ri~k. fltctor. 

~ 

These calculations have been based on the asn~ption 
that the automatic tractor would not require,any labor input, 

othe~ than that required for servicinq. IIowever, some tabor ' .... 
would be needed to establish the tractor in each a~ea in which 
i t \-1D.5 to function and to move i t to the next. The amount of 

thin l.ûbor could be reduced to a minir.lUm by JT1ùking the work 
areas ilS large ns roqsible. 

One could araue that therc is a further economic qain 
èecause of the improved precision resultinq in higher crop 
yields and recovery. There is also a further saving ~ecause 
the labor reMoved froM the tractor can be used to better advan­

tage a t ot!1er o!,erations \o:hich cannot or have not been mechan­

izC'd. It i~ difficult to estimnte these s~vings. 

Much i9 s&itd about aIl forms of pollution. One form'~is 

that of noise and its effect on the hearing of the operator (E). 

Tests made on older farmers sh~' a marked deterioration in 
hearing in comparison to other males of the sarne age who have 
been engaged in other occupations. This results fron excessive 
tractc.r noise to \,'hich the fnrmer has been exposed. Tllere i8 

thus, more than a eTain in econondc9 if the would-be operator 

becc~es a control 1er and in not exposed to damaging noise 
pollution. Allied tO this 19 the incidence of other ph}psical 

problems rclnteè to ~he constant shaking of the ~ody occurrinq 
froM the motio~ of the tractor. l(any irnprovements have been 

made to tractor scats. But SOMe of these are extra cost 

options that the buyer ignores. The controller of the au toma tic 
tractor \'lOuld not be ex!,osed ta these conditions. 

Every year there is a 108s of life and a 1088 of 
productive l'''i''n hours caused hy tractor accidents. It would be 

. -' 
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1 
presumptuous to augqest that .11 tractor-oriented accidents 
would 'stop 'if the human operator vere reIIOvec) but it 1.8 logical 
ta sU9gest that these would be great1y reduced. 

\ 
These . types of baprovements cannot be _aaurad in 

monetary teretS. 

It ahould be noted that none of the cost esti_tes bas 

taken into account the fa ct tbat the naehinery for the s~ler 
tractor will be snaller and oost less, reaulting in further 
savings. 

A table of current machinery costa 8-pplicable to the 
exarnples used above is given in Appendix 2. 

l 
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- Tabl. 1 
{ 

'-- , 
Tr8ctor Slze: Normal Day 

Il', P 

\ . -
IW:ACHI ~'E CRnp IVlACHINE MACHINE SPEED· CAPACITY TRACTOR 

TYPE ACREAGE SIZ,f: HOURS r.PH PER HR PTO HP 

?Ln'J 27.1. 7 ROTTOr. 7?.5 4·°1 .1.~ AC~ 102. 
. 

'f, DI :'C . 27.1. 12.7 FT WIDE 49.0 '4,. " 5.6, ACS 59. 

• COt-1Bl NE 70. 5 FOOT ·..36.1 4.0 ' 116.4 BUS . 79 •. , , .... 

FOR/lor,CORN 6ft. , 1 ROW '\ '5.0 4.0 15.1.1 TONS 59. 
, 

FORAGE,HAYLAGE ~"'. '1 FOOT 5.1.3 .1.3 7.5 TONS 49. , 
, 

* ~('tTE: THIS rACHINE HAS rnRE CAPACITY THAN IS REQUIRED 
Foq nu i ,nPERA TI ('IN. ' 

TOTAL TRACTOR HnURS% 266.0 

THE TRACTln~ FORCE REQUIRED FOR PLOVING IS 9072. POUNDS (PULL). 

, 

r1'ERA TI O~IAL DATA FOR A 102. HP TRACTOR 

W! TH 1~" ~f'TTf'M~. 

rACHI'JE CROP ~ACHINE "'ACHI~E SPEED CAPACITY 
TYPE ACREAGE SIZE HOURS "'PH P-ER, HR 

PLn~ 27.1. 7 ROTTOr. 72.5 '-.0 3.p. ACS 

, DISC 27.1 •. 20. FT "IDE .11.2 ' '-.9 fI.7 ACS 
1 

CC'lt' RI :!E 7~. 6, FOOT. 2~.4 , 4.5 147.1' BliS 

FORAGE,CORN 60. 2 RO" 27.' '-.0 .10.5 TONS 

FO~AGE, HAY tA GE R0. 9 FOOT 29.5 , 3.3 13.6 TONS ( 

• rrT,'\L TRACT0R HO'JR!;: 1"9.2 
" 
~ 

. 
.... le ... ,..:.: 
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Table 2 

Oost Table .For 102 Hors.power TracTor 

.. 

'nPE~ATln~AL COST~ FOR A DIESEL tRACTOR 

~." 9,."~~~ 
,cr .. .~ 

57." \; . , . '. , 

F.:STI"· ATED TRACT(\~ CO~T: SI ?~12. QI~ TOTAL HOURS, 1~9.2 

AVEflA'i';: r.f'~T~JPER H"ffR ~ 

FflEL LIJB~ICATIO~ REPAIR FIXED CN,TS LABOR TOTAL 
1 

• 1.3 1 .~? , Cl.fI;5 2 • .3~ 13.20 .?~ . 
*~ TRACTOR nPERATH"fÀL COSTS PER YEAR ** 

. TRACTOR FUEL LIJRR REPAIR 
OPERA TI or~ 

PLOUI ~G 64.ti6 9.70 R~.'7 

DI ~CI ~G 27.q,3 .,. 17 3er.l? 
J 

eN' fH 'JE ~5.33 3.q~ 3~.7~ 

FORA GE,~ORN 24.52 J.I\~ 33.5~ 

FORA,a!, HA Y ?ti.JI J.9~ JIl.ft'" 

GRA·m T"Tf\L 1 fI;(7. 65 25.30 2J 1. "'2 

TnTAL A~'·IIJAI. CO~T5: $ 2491l • .,7 

. FeST LABOR 

627 •• 0 16';.02 

'?7ft.S5 , 71. ,!0 
i 

245.~3, 65.3'; 

237. R~ 63.25 

255.2' S7.Q7 

153~. 41 435.1f! 

TOTAL 
COST 

9'71\14 

411.9~ 

375."'3 

362.9. 

389.41 ,., 

2496.47 

TOTAL COS, 
PER. ACR. 

3.' 1 

1.' .' " 
~ 5 • .56 

f).'5 

,4.R1 

, , 
" 
" 
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Tab le 3 

Tractor SIze: 22 Hour Day. 

f'!ACHINE ctfop MÀCHINE ~CHINE 
YVPE ACREAGE SIZE \-- HOURS 

Plnw '271. ~ 80TTOM t63.? 
-r 

ru SC 273. 5. F FT ~l DE 1"'7.9 

.CN··~I rŒ 7A. 5 FOOT 36.1 

*FORAGE,CORM 60. 1 ROll 5'.0 

FORA GE, HA YLAnE ~0. 5 FOOT 5.5.3 
, 

SPEED 
MPH 

~.0 

~.0 

4.0' 

~.0 

3.3 

. 
b 

CAPACITy 
PER HR 

1.7 ACS 

?.5 ACS 

.. 16." AilS 

., 15.l TONS 

7.5 TONS 

TRACTOR 
PTO HP 

44Ç. 

26. 

79. 

". 
49. 

.,' NOTEs THI S ~',ACH 1 ~E HAS ~ORE CAPACITY THAN 1S REQUIRED 
FOR THIS nPERATlON. 

TOTAL TRACTOR HOURS: 415." 

TH~ TRACT! 0,. FORCE Rf:QIJIRED FOR PL6wI ~I'G 

" 

OPERA TI n~AL DATA FOR A ~9. HP TRACTOR 

WITH 14" ROTTO~S. 

IS 

"'ACHI NE CROP t"ACHINE (WIACH I NE 
TYPE ACREAGE S,IZE HOURS 

PLO'" 273 .• " 4 ROTTot': 154.2 

DISC ~ 27.5. 10. FT "'IDE t;4.9 \ 

COI""RI 'JE 70. 5 FOnT 56.R 

F'oRA3E,cnR~ 60.- RC"IW 55.0 

FORAGE, HAYLAGE Ft' • ... 5- 1i'OOT . 53.3 
< 

Foi\I1NG 

HOURS": 
G 

TOTAL TRACToR .5"4. 1 

THE TRACT! (l'J FORCE ni:mll RED IS 

,,"1 . : 

~0.52. POUNDS (PULL). 

SPEED CAPACITY " ~PH ~ PER HR 

4.2 I.~ ACS 

4.9 ~.2 ACS 

2.7 t'\73.9 BU-5 

"' .1> .5.3 TONS , 

"t 3.3 , 7.5 TONS 

... ~ 
4V,32. 

" 
~ 
.J . 
~l 
~ 
,~ 

. " 
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Tab le 4 

Cost Teb' e For 49 Horsepower T,."cto,. 

($S,824.00,.t 

)' 

i 

OPE'M"IO~AL COSTS FOR A DIESEL TRACTOR 

5'. 

" 

ESTlf'IAtEO TRACTOR COSTa $ 5824.00 
f • 

TOTAL HOURS: 3~4.1 

1 

AVERAGE COSTS PER HOUR 

FUEL LU9RICATIO~ REPAIR FIXED COSTS LABOR TOTAL 

•• TRACTOR OPERATIONAL COSTS PER YSAR •• 
.TqACTn~ FUEL LU9R REPAIR,;" FeST LABOR TOTAL TOTAl.COST 
OPERA TIO~ COST PER ACItE 

PLO~I rlG 66.IA 9.9. ct9.7R 313.lq 354.56 q33.52 . 3.86 

DI SCI NG 27.~1 4.17 37.77 Ill.76 149.17 350.69 1.29 

cor'BI NE . 24.35 3.65 33.0P Il '.39 130.64 307.11 4.39 

r-nRA GE, COR ~ 23.5~ 3.54 32.03 111.74 126.50 297.39 4.9cÇ 

FORA GE, HAY 22.0,7 3.43 31.06 I~R. 35 122.67 2cu~ .3q J.6~ 
fi 

• 'GRA 'U> TOTAL 164.7. 24.71 223.7i; 7R{IJ.42 ~q3.'3 2077.09 
~ 

TOTAL AN~IJAL COSTS: S 20-17 .~g 

...... 

/ ' 

. , 

1 • .. ' ',' 
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Table , 

Cost Table for 49 Horsepower Traetor 

($10,000.00) 

OPERATIONAl COSYS FOR A DIESEL TRACTOR 

• ESllff.ATED TRACTOR COSTa $U~0~"."" TOTAL HOURS, .3Gf4.1 
" 

A'JERAGE COSYS PER HOUR 

FUEL LUBRICATIO~ REPAIR FIxED COSTS LA80R TOTAL 

•. 43 

10. 

t . 

TRACT('R 
OPEHATIOf 

*. YRACTOR OPEJlATI O~Al COSTS PER YEAR ... 

FUEL I:UBR REPAIR FeST. LASOR TOTAL .... TOTAL COS! 

COST PER ACRE 

PLO~1 rlG 

L>I SCI ~G 

C(l~'" 1 ~ F.: 

F'''RM;E,COR~ 

F(,\RA.'iE,lfAY 

24 • .35 

9.91 1'4.15 'tJ7.13 J51.'6 1122.45 

4.17 64.q6 226.24 r49.17 - 472.25 
, 

j 

J. ~4 55.00 191. ~5 126.58 4"0." 7 

3 •• U 53 • .33 1~~04 122.61 3"8 • .34 

,GRAND TnTAL IG".7. 24~1 3"4.1.4 134"."" Q~J.53 2791.09 
• 

TOTAL AN~IIJAL COSYS: "s 2797. "9 
• 

1 ' 

0-

1.-7J 

'.'1 -. ~ 
6.6' 
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Table 6 

Coat Table For 49 Hot •• power Tr,ctor 
. ($12,212.00) 

-
OPERATIor'AL cnSTS FOR A DIESEL TRACTOR 

'1. 

ESTIr.ATED TRACTOR CaST: $12212.00 TOTAL HOURS. J~4.1 

AVERAGE COSTS PER HOUR 
FUEL LU8RICATION REPAIR FIXEO COSTS LAROR TOTAL 

-

-.115 .06 1. ~? 4.26 2.J0 R.2' 

*. THACTnR OPERATIONAL COSTS PER YEAR 1 
•• 

TR.'CTf'H FUEL LUBR REPAIR FeST LABOR TOTAL TOTAL COll 
OPERA Tl C'~I COST PER ACltI .. 

PLOWl ~G 66.1' 9.91 188.25 656.6" l54.56 12'5.5'" 4.68 

536.651-!lI SCI NG· 27.S1 4.17 79.20 276.29 149.17 1.97 
\ 

\ ' 

CN"RI NE 24.lS J.65 &9.J6 2" 1.95 Il0.64 469.96 C.71 ' .. \ 

FORAGE,CORN 23.~~ J., .. 67.17 234.29 126.'" 4,'.fJ8 7.'! 

FORAGE. tiAY o 22.~7 l.'-3 6'.1.1 221.19 12?.61 .41.2' .'.'2 
GRA ND ToTAL 1 S4. 7. 24.71 46~.12 16Jf)'.41 'Œl.53 ll'~ •• 7 

TOTAL A~~UAL COSTS! S 3178.4' 
" 

tf -, , 

" 
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V~. SOCIOLOnICAL ASPECTS OF AUTOr~TION 

Each change in basic production ~thods has been accom­
panied by a change in Rocioloqical conditions. Pexhaps the 

most famous example of this was the indus trial revolution of 
Great Bri tain. IIere, hand production methods in cottages were 

replaceù by machines in factorics which resulted'in increased 
production in less ti~e. 

Before the industrinl revoJ.ution, work was carried on 
in the workers' cottages. Then came the inventions in the 
weaving induatry, which led to the establishment of weavinq 

factorics. These factories, at first, were loca~eà near 
sources of water pO\V'er. nesic.'.es supplying pO'"er, the river 
supplicd the neccssary transport for the raw rnaterials an9 

finisncd ~roducts. Then, as mechanical power in the for~ of 
sterun power becal'lP aVé'ilable, the factories located near sources 
of labor. Since factories paid better, workers MQved fro~ rural 

"-

arcas toC:::::i::::Sn:: :::::: :::a::::n:l:::i:~::~ worker ~~ 
pu~chaGe More goodn, still further increasirtq the demand for- ) 

product o. This, of COllrse, 'hei~htened the demand for furthe, 
mechani za tion and/or further laborers. 

Changes in agricultural production techniques have 
genernlly not Met with reactions similar to those occurred 
during the indu~trial t~volutiono 

hbout the t~me that the indus trial revolution was in 
full s\"ing certain developrnent~ in agricul tural processes 
improvcd cfficiency in food production~ These occurred notably 

""'"" _'1' 

in plent and animal bre~din~, manage~ent techni~ues and the 
application 9f labor. One or two examples should serve. 

/ 

) 
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Jethro Tu!!, in 1701, developed a primitive drill which allowed 

planta to be sown in rows inotead ot by brooecQst mothods. 

This techn~quo also al10wed cultivation between the rOW8 And 

lessened the amount ot seee! required and the cOMpetition ot 
weod3. In harvosti:1CjJ, ~'cCorrf'lick dftvt)lopcd the rflapor in 1831. 

It can be arquad either t~4t the migration ot 1abor 

!'roll\ the l ural areafl to the urban llreaB beql\n wi th tho increa­

sccl clcrn."\nd for rûctory lolor or that irrpro\{C'ù far", techniques 

1cn90ncd the' dOll'\nnd for lnbClr whlch then had tn f'ind jobs '81!1e­

wherc. Tho f irat argument la nrob"hly more villid. 

Much is written by ",odern Aociologiats \.'ith renpcct to 

currcnt rural 11vinq, much la salù about trye paRt offects ot 
mcchanjz~tion on 'rural livi~ql and much 19 prcùicted about the 

future C' ~ !:cC"t of mecl'nni zn tion. l·~:\t, werc the ooc101001("1\1 

conditions of the rural corununity 110 or more yOlira nqo? Nas 

thero ~ labor surplus or w:\s there a 1abor shortaqc? 

Jamcn Croll, a t~r~nr in nundas County trom 1841 to 

about 1870, "tiote in 18C1 tho first county history of the 
o 

ProvinC'(' of Ontario. Latcr he became an of ficin1 of, the Church 

of Scot1and'in C~nAda ar~ wrote nther hoo~s. Cefore he call'\e to 

Cnnada ho had had, to Quote ~. Tulchinsky of Oueen's University, 

l'an excellent education in Scotland". Hls book Oundns or A 

Sketch of. Co.nadil\n History ("J) "'~uidcs being Il history of 

,Canada in general And Dundnn County in particulnr, qivc3 an 

innight into nocJal conditions ~s thoy ~xistcd in rurn1 Ontario, 

Loth du::-ing p.nJ LnforC' hJ.3 tirnc •.. \\'ith regard to labor, Croil 

states, "If one fllrrncr 18 Llcssecl \.,ith a fnmily of ~.ons, scldorn 

more lhûn one or blo of thctTI rcrnllin a t. home" 1 (p~CJc 21 'l). He 

then gocs on to stnte that thC'so cntered A varicty of jobs. 

'let oarl.ier in thE' SlltTIE' volume when writinq atout the opening 

up of the cClunty ~OMC CO to 7~ yc~rs before, he had ntatcd, 

"'l'borl' i>cing ùmplc emploYlT'C"nt on the fathor 1 s 'farro, yct unclcarcü, 

.... 
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for aIl his sons •••• ", (page 135) • 

At another~oint he describes the operation of a 

particul~rly prospe~ouG fanner about \.;horn he saya, ttnis farm 

embraces 500 acres, whereof 300 acres are cleared •••• He 

employs cheap labor, say three men at $8.00 per month for the 

year round •••• In hay and harvest time, he employs six of the 
bost men that can be had •••• ", (page 195). 

F.inë\lly, \'1hen spcaking about laborers, "The greater 

part cf the labor of the farrn in Canada~ ia performed by the 

farmer hi~self, hie sons and hie daughters •••• The average size 

of Can~di~n farms is 100 acres each, with 50 to 60 acres 

cloared •••• The demand for labor la therefore limited and the 
i 

su!,nly i:-:; CTE'nerallv ec:ua1 to the dp.m!'nd •••• Laborers élre 

chiefly irrunigrants, Irish, Georrnan and él. fe~' Scotch, they seldol"\ 

continuc at service lonqer than four years, and if during that 

tine thcy are industrious and economical, they will, have laid 

by enough to !=;tock a sJTlall farm •••• ", (Dage 212, italics mine). 
t 

He concludes th~t chapter by substantiating his state­

ment thüt~he agricultuial implements of the county are 

'kccping pace \dth other improver.ents". 

The differenccs heblecn the two time periods he covered 

in the nbov~ examples are thp pifferences between subsistence 

farming ~4nd rroducti:on--tarming". In thè ear1y days immense 
1 

~r.lount!l.()f lé1bor ,were required to produce enough for existence. 
.' , 

IIo\1c'lcr, (lS farm condi.tions imrroved, subsistence production 
, 

gave \.'ay to grea ter prorluction than the ilt'.ntediate frunily 
, i 

rcquircd. -< r;~bor ùcr.lùnès cIH:mg~d wi th the ~mproved production. 
1 

Lcss fnbor \"as requireù to maintain the status quo than that 

re,!uired for routine fnrll' \·:ork. plus the necessnry land clearing. 

tn his book, " P:! storv of !\rrriculture In Ontario (20), , 
~ 

1 u 

- , 
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ooverinq the .am~ hi.torieal p.rio4, G.E. Re ... n write •• "rroa 
a eurvoy made by the mini.ter ot a9riculture in 1857, it wa • 

•• timated that there wa. a need or 24,000 immigrants, 9,300 

farm servante and laborere, 3,600 te~al. aervants, 5,700 ~y. 
and"girls, 900 ~echanica, and 4,500 undetined." 

- '* 
t" 

From thefte rof~rences wo Bee that, in the 18Gl ~erio4, 
tho supply ot 1l'1bor on1y R'atehod the demllnd in .!'lite ot the 

fact~ (n) th~t tho ~Mount of l~~or re~u1red had dron,ed 

con!lider~blr in the 60 to 70 y04.UB l'nd \ (1:) that flomo mechani- ) 

zlltion had occurrcd. r:ven in those daye, while there wa8 not a 

shorta9c of labor neithcr wae thora a surplus. 
i 

The labor ahortaqo exiated in -the early 1900'8. Ta 

again quoto fro~ Reamnn, "Deeausa o~ hiqher waqea in indultry 

several thJ nqs \t .. ere hap!,»oninrr: thf!re \1as ft ra9id increa.e in 

urbanizntion which increased the loe~ Market for fam ~roduct~. 

I.abor "'l'le; «Jet t lnt} scarceo wh! ch foreeCl the f"t'tMT, to incTflnse 

hi:J mech."mization as rnuch 4C possible •••• ". 

Two periods in Cl1naclian hiRtory, however, have produc~ / 

s('rious shartages of fArm lo.bor. Both oOcurrod during the two ' 

world waro. After the first war t 'le situation oartly éorrec1:;ed 
- ' i t~clr h('cauRe tht- sup!,1ly of l'Ivailable farm l~hor rose as some 

serviccMcn r&turned ta the fn~. This supply was furth~t 

improvt.>d ù\lring the dorresoi.on yeara becauso labor whiCh might 

hav(! 110vcd to the city labor r:tarJ:ets remained in -th~' rural 
( 

are.:l. The second shortag<' devcloped rapidlv duritj9 the' second 

"'orlù \ .. ~r, qut aftcr this \U\r, in ~ontrast to \'~9i'ld "'ar l, a 

very !;Mall }i\bor force rcturne? to the farm. /1!clny of those who 
did rctllrn ~.y(\nt into fnrTT'lncr for themseIVef~)dth nid of such 

plans aB thû Veterans Land J.\ct • ......-J'oth oras causcd incrcasefl in 

mcchanizùtion l;ccaun~ of Inbor shortnq~1 

that "in 1917, th~ ycnr the l'nitcù St,rtes 

trac tOI" proùuL·tion more thé\n douhle",}". 
/ 

". / 

R.B. r.ray (14) states. 

entercd Horld "7ar l, . 

, 1 
, < 

J, , 
", 
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It can be arqued that there i8 current1y a 1abor Ihort­

age on Canadien farms which began with the second world war. 

The migration of labor from the farm area. to the city has 

continued, with a decreasing percentage of rural 1abor in the 

entire work force. This ia substantiated by statistic9 in the 

1972 Canada Ye~r Sook. T~ere it ls stated that there were 

683,00~'employed in aqriculture in 1~60 and 512,OO~ in 1970. 

The fan.1er has continued to mechanize to maintain or 

incrca~c pt0vuction in n~tte of t~e ~cc~~asin9 su~ply of labor 

force. The reasons for the decrease of labor are many, not the 

least o! uhich are better worl;ing conditions in the urban jobs. 

One' could question the definition of t lle word 'better'. t-Then 

used in this context 'hettp.r' can be taken to mean fewer hours 

or less nrduous labor. 

The la?or force rCMaining on:-. the !llrm di vides into two 

clltcgor ies. One i s a hiCJhly skilled emoloyee \-,ho can command a 

good ir:cornc when the many fringe benefi ts he rec::ei ves, such as 

a rent-froc house, are considered. This type of ind;svidual 18 

attrnctcd to the highly mechanized farm. The cecomf' type of 

employee is one \-rho, because of lack of ability And/or i,nitia­

tive, is unablc to finè e~olo~~nt off the farm in the urban 

arC<l. lie 1s forccd to rCf"',:lin in the rural area' and often lives 

in a rural sIum area. Depcndir.g on his ini'tiative 'he worka 

\':hcn he Ciln or ,':hen he ~;}s to. His p1iqht is alleviated by 

modern GOCÜÜ .... \-;clfare !,rogrùn<J. 

This t} pc of l.:lbor ~;. unsatisfactory to the modern farm 

bcc~u!;c gencrally i t rC'CJuiros ci thcr close supervision or 

rclcqation to ù mundane, repetitivc, unskilled type of opera­

tion. ,Sir.cc J11uch of this labor ls unreliable and because these 

operations are the most easily ~echanized, this typ~'of labor 

opertltion i5 bcinCJ or hcl5 bcen phased out on many farms. 
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, 
Th.re ia an ide a amonq tho •• concerned ~ith' problem8 of 

the unemployed that many could be moved back, to the farm, both 

to provide them with ernploym~nt and to minimize the farm labor 
shortage. Further mechanization is viewed as the worst possible 

solution~ .. 
Nhether one recognizes it to he so or n<?t, farm 1abor 

ia a skil1ed occuration and requires a" long D~riod of training. 

This fact i~ not rea1i~('cl bl' thosc ",ho augge!lt the back to 
farming approach as a colution to unemp1oyment. P~ost of 'those' 
who are farM laborers hnvc been involved in the work almost al1 

of t~eir ] ives. To no other occunation is the \-lord apprenti ce­
ship more a~plicab1e. 

A good farm 1aborcr has served many years of apprenti ce­

ship or on-the-job traininq, \\':latever one chooses to ca11 it. 

0ne,cannot convert the ~nskil1ed into a ski11ed'4gricultural 
worker overnight. 

w~ are the present trends in the farro 1abor force? 
The farrn 1abor in al1' areaa is nainly made up of farro operators 
and family mernbers. The amount of outside labor - outside the 

family - js decrea:;inq. Larson and Richardson (18) à,tate, ~In 

New York, 'the outlork j 5 for continued dccrease in the number 

of farm workers. ~ •• pnth this trend is the ex!,ectation of a 
greater relqtive de~cndcnce uoon farm operators and fami1y 
memhers for this state's farm ",'ork." Conditions in New York 

St~te arc siMi1ar to thosc ~xisting in Eastern Ontario and 
t':es tern Quebec. 

Further mecilanizatioll \"i11 be r~quire~, t~ offset- thes~_, 
trends. ~uch, of this ncchanization wil~ be in the field of 
aut9Ination of f;ïeld operations. 

Con~ider, too, the chancres in rur81 living as pre5ented 
r..c;;. 

( 
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by the changes in rural ownGrlhlp, partlcularly where the ar •• 

is close to a large urban Arca. There are ~uqhly five 

categories of owners. 

1. the o\mer ",hose sole income ia from the land he .... 
... 'owrs 
2 • th~ Qwner who earns part of his incorne from the 

larid and part from a job in an urban area 

3. the ovner Nho rna}:es his entire livinq 8"my from the 

farm but continue!> to live on i t. lIe may rent his . 

land to adjacent farmers. 

4. the owner ",ho makes his liveliho 

area and liv~s in the urban area. 

land as a ~peculative 

eventunlly farm it. 

5. the abscntce farm operator who owns a 

not ]jve on it, but eMploys a farm ~ana9~r 

urban 

own the 

plans to 

, does 

These types of o,~nershir af~ect the social organization ,. 

of the area. The newconers atternpt tO,brinq the i~personal 

approach of urban livi~g \<'ith thern, that of live and let live 

with resnect to neishbburs ane their institutions of school and 
~ , 

church. Thev oftcn enter li ttle into,"tthe rura.l social life, 

al though the; may b~utsr>oken in matters which concern them 

directly, in regard to local government and local improvement. 

Those \d th jobs in the urban area tend to make their !,urchases 
" 

there, m~intain their contact with the professionsl people whorn 

they consult. Because the nunbers in category one are dimini­

shing, the numcer of rural people \-Iho serve them - sho,? owners, 

farn'rc~3ir men - vi~inish aiso and the local social cen~e 
(village, ~or 'e>:am!?le) deteriorates. Only in thfl'e rural 

scctionz ,-:hcre ,the nurnrers in categories three and four are 

small 11tt5 rural life, as known previously, remained rela.-tively 

unchnngcd. 

J . .', , 

. .' 
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A second l'\Odern 1?heDOmenon ia the a~arance of ~.l­

urban districts in previoualy strietly rural areaa (6). A 

rural-urban district cantains f~ severai bo many haaes 

concentrated ln a 'smal1 district which had nreviously been 

totally rural. This small urban developaent, if larqer, may have 

a store or stores and suppliers of services Iocated vithin it. 

It i5 a self-sustaininq unit. It i5 then in comr,>etition vith 

an~ adds ta the furthcr èeterioration of the older centre. The 

n'.enbers of the population of this rural-urban district are used 

to the services they expected fro~ an urban section and to the 

ne'''er methac1s of doing business. T!'lese are not supplied by the 

traGesrnen of the older establi5hed centre. 

Similar situations exist eisewhere in Canaea and the 

United Stètes. The United States Department of ~griculture 

esti~ates in 1970 of the size of the labor force in 11 seaboard 

states sho\.;ed a Cl percent decrease from the 1950 estilllates 

(18) • 

AlI these features of change affect ~hanization on 

the farm and increase the dernand for it. Evidence would thus 

support the conclusion th~t ohanges i~ the availability of the 

farm labor force have caused fare,s to mechanize rather than the 

other .... ·ay around, i.e. farm mechanization has heen !orced by 

\mànges in the farrn labor force. 

iihat proIDr>ts further mechanization? Garrett and 

Eurkhardt (10) state, n •••• an actual labor shortage is not 

needcè. to spur intcrest in r~echanization. It l".ay he an impend­

ing shortage or even an imaginary im~endin9 shortage •••• He 

(the farmer) }~no\.;s that fIIechanization doesn't occur overniqht 

and he \\"ants to be ready •••• •• 

"llat furthcr ch<'lngcs can one expect wi th automation of 
) 

/' 
::':." 
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fi.ld operat1cm? 

1. Thera will be ft further reductlon ln flrm llbor a. 
relatee! to tield oreration. Whether this will caui. 
a tu~her numericAl drop in tarm labor fore. or a 

ah1ft of. this lahor to farmltead operation. whioh 

are not so ealily mechanized remain. ta be saen. 

2. 

3. 

It i. probable that the latter will ocour. 
/1 

i 
Th~ farm operator \-Iho now Bupplie. rArt of the farm 

" 1 

labor will ohitt hie time to superviaory and 

~n4gerial oper~tionA. Any field operations still 

to be done manually will be don. by other membera 

ot the fa~ lahor force. 

"~uch of the field operat.ions are repetitive and 

bor1ng. The former tractor operators will be freed 

from this to do johs f.or \olhiçh their mental skil1 

and manual dexteri ty equip them. rtany tarm philo­

aophera maintain that much of their serious think-

1n9 WAS don. whil. driving the tractor up and down 

the rows. That time, in t~a .uto~atod situation, 

would have <.t.o be tound elsewhere. 

4. Since the oporator \-Ioule! not he tiod to hi- farm to 

carry out the field operations h. had formerly ta 

do, he should be better able to enjoy leilure tima 

l" and the social aJrlenities that go with it. 

To rnany, present dey faming ts a way of life as well 

as a method of earning a livelihood. Further expansion in the 

u'Je of autor.'\atic operations in--1.arming ,,:ill tend to create a 

more industrial-type of life. The c ferm operator will overlee 
• 

these operations, oerforMin9 fewer himself a. the amount of 

auto~tion incrcascs. Life stylo ,.,ill change oince he will not 

'. • 1 • ~ • 

.' '.., 

,1 



---
f ~, 'li. 

'." \ • + ... : '.! 
,t -

- --- ----- -----------_.-,..--~~-~--....... - ..... 
<1 i ' .. ~ '., ",). 

1 \ ~ , 

". 

" 

~ bound by the number of muncSane ':J~. nov' 00INII)1l on lia... . 
fatm •. · In farm opèration. ot the fut.â., thererOb, .\J~ti6a:\-

C ' J\J 

w111 prov~e' an effeotive anc! chal1engiq blencS of .ophl.t1oa·~*( 
1 r, ~ 

..an.q.me~t and .killacl labor. . . 
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"')-VII. 
, , 

SUHMARY AND RECOMMENDA~IONS 
'Jo o 

7 • 1 SU~Il-!.'RY, 
./ f .• 

A. 

'1 

. , 
c 

'"' 

, J 

f,. 

" Developnent of automatic contrbl will continue toward. full 

automation of field operations. The stages th~t it will 
fo1low ,,!ill probè\h!y bc as f0110\'19. 

1. 

.. 

, 

.. 

-, 

I.s Many a~ po~r,ible of the existi~ methods of 

automation " .. i11 be applied to tractors a8 auh .. 

sy~tems that will function without operator 

control. The oper~tor may intèrve~e if thi. i. 

desired. AlI of these systems exik, spme are 

currently fitted to some trnctors, sorne are in the 

Ü
boratory stage. a:nclu~ed would. be: , 

/' 
- i. au;olT'atic engine speed control 

\C 

\ 

ii. automa tic engine load control ip the' form ot 
llutoma tic transmis s ions 
- # 

) 

ii i i' fè1r cul ti Vlltion: auto'matic drllft control in 

\ 

Y'· 

the form' of implement depth control. 

Çouple~ ,to tho é1ra~nt~ol \'lould be a. 
whoel slippaqe ~ete.ctor. The8e t\"O units 
would \;ork t~gethcr ~o al1pw up to a preset 

mnximum wheel slippage bofore a change in 

draft \<'l\S made. 
\ . ) 

fca,r harvest: sensors' on the harvesting' 

equipmcnt 'would be used to provide control 
'\,. , 

of forward.. s!,eed relatsd to cron density 

and other oquipmont 'funct.ions, sueh as 

heancr height. "-, 
. \ . l ... ' , 

. automatic ('!ui~l\'nce alonq row~, furrows or 

{J;;' t 
,.-v ~ 

.. 
~ .. \ 

, . J 

< 0 , 
1 
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crop edCJ8a ( 

II. The next staçe of development will be thé inclusion 

of a sy~tem to provide quidançe acroes the field 
and controlled turne. 

III. 

IY. 

Then will corne the automatic tractora ,usinq the 
• 

crab-ty~e of steering and fifth wheel moun~ing of , 
iroplcrnents and nroviding automatic operation 

wi thin a specifie field • 

. 
The final step will be complete automatic ope~a-
tion o,f the"c power uni te from a central ,program­

Med controller. 

B. Suéh units will be economical ~rov!ding thefr cost does not 
" 

exceed the cost of exi:; t!ng tractora and that a' unit of 
1 

smaller horSepO\ler, worr.ing 22 out' of the 24 ..... hours, la used 

wh-cre feas ible. . /,f' .. 
C. It i8 unlikely that autornatic çuidance will have little. 

effect on rural 1,1 ving <ether than to' provide a further 
shi ft' from mundane tasks to mana<.lerial tasks. Uopefully, 

this would provide ~Qre leisurc tlme to the farmer. 
" \ '" 

7. 2 RECO~1J·~r:NDATIONS 

• 
It is rC'c~end('c1 that fur1(her resear9h Into the deve·lop-

ment ~f the aùtcll'ati'C power units an~ their ,6'ompanion implements 
1 

sl:ould he continuc.c!. This t'e~carèh 5ho~d include: 
/" 

1. the power uni ts 

2·. the irnplenénts 

, 3. "furthcr llutr "1Rt.ion of ~uh-9ystcrng' 
.. 

" 
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4. 
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~ 

4. 

5. 

guidance systems 

central control system' 
f ,. 
1 

6. further inv .. tigation of the eoclo1og1cal ianpaet 
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APPENDIX 1 

o 

The tractor program of the Comsolve series is desiqned 
to predict the size of tractor ,required for each'of five'farm 

operations. These are: plowing, disc-harrowing, cOmbining , , 

(emall grain)y forage harvester operation for corn silaqe and 
l' ' for hay or h~y18ge. The program calcu~ates the horsepower 

required for each of thcse operations, selects the largest 
horsepm..,C'r, and recalculates el\ch of t1)e operations usinq that 
horsepower. 

Sorne of the information J;equired for ·'the calcula.tions . 
i8 entered at the time of execution as data~ "The reMainder of 
the inform~tion'is part of the program, the' pertinent informa­

tion bcing se;ected in res~onse to so~e of the data being . 
enteted. 

,." 

Data requircd ar~: 
( 

the aréa of Ontario where 'the user is located 

soil type 

-, stoniness factor 

plowing denth, speed and wièth of plow bottoms 

size of field ~n order to àetermine field efficièncy 

slone factor for the area - " 

number of acre~ of silage corn, grain corn, smail 
grains, soybcaQs and hay 

nurnber of acres to be plowed or disced, if different 
-

from thùt \·:!lich \\'ouJ.,d be calculated from the above 
acre ages 

. " 

" 
,j 
1 
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discing, corn 8i1age and haying operation 
f 

number of days avai1ab1e for each ot the above 

operations. By-passing Any of these \'1i1l cause the­

computer ta use program ~ata based on the area of 

Ontario selected, and built-in weather factor data. 
o 

yields per acre of: tons of 8i1age, bushels of smal1 

grains, tons of hay or hay1age 

the horncpo\lcr 0 f a pro1?oped tractor. If a horse­

po\'~cr i5 e~tcred them thJt horsepower will be used , 
in the recalcu1atiori of each operation instead of 

the maximum horsepawer determinéd. 

After the tables showinq the horsepo\-1er requirements 

for each opération and the effect of the Ma~imum horsepQwer on 

each have been printed, the user has the option' of selecting a 

cost analysis. If this is desi~ed then the following data 

arc entcred: cost~ of fuel per gallon and labor parohour, 

numher of hours the tractor spnnds performirtg other Jobs ~lt or­

near full horsepo\'1cr, the cost of the tractor, if known, and 

the cos( of interest, if kno",n. Default of the iast' two will 

cause the program to estimate the tractor costs and to use an 

intcrest rate of 8%. 

A second table orinteè as part of the cost analysis 

shows the effect of usiD9 tractors with eo, 90, 100, 110 and 

120t of the power require.d. This table is not printed if the 

user entcr~~ a cost for the tractor. 

l-!aximurn hor5epoHer i5 lini~cd to 175. If the c~lculated 

horsepo\oler cxceeès l7.5 for ;(lO\dng the calculatt::d horsepower i5 

dividE:d by ù. factor detcITI'inèc1 from the number of bir.les 175 
1 • 

divided into the horsc~ower + 1. ' For example, if the calcula-
I 

tcù hors'cpoh'cr \-"<lS 210 i t \-"ou1d, ~c, di vidcd by 2 and Ithe plo,,' 
'- . 

\ 
.~ 

) , 

1 .. \ 
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horsepower of the tractor set equal to 105. 1 

At a later point 105 would be compared with al~ the 
horsepower calculated for the other operations and the'~ximum 
selccted. 

This maximum i8 used in the recalculation of operations 
and in the cost analysis. 

The user han the o~tion of entering data in res~onse ta 

questions or as dat~ strings to shorten input time. Output can 
be printed (a) complete with aIl headings and notes 

(b) \'litl1 headings only and w1thout notes 
(c) \"ithout headinqs and witJ:1out notes. 

Again, the options are selected at the time of execution. 

At the conclusion o~ the cast analysis, 'the user may 

change any or aIl of the cost analysis ?arameters that were 
entered. AlI of the tractor selection data are ~etained and 

new cost ~nalysis tables are pr~nted. 

If the option of changing the cost analysis is by­

passed the user has a furthcr option of chanqinq SOMe of the 

datù pertaininq te the tractor selection. These data are: 

plo~Jing~peeà ùnd plm' cJc:pth. If either is chanqed new tables 
will be printed and a ne\'l cost analysis can be rune 

At the beginning of execution the user can select a 
Ghort form .:malysis wherein only the firsi: output table is 
'printed. Ile, th,en hilS the option of çhanging plowing spéed or 

r ' 

flepth. 

, 
The foriT',ulae used \\,i thin the. program to calculate 

ir.1plement sizes, horsepo\Jer requirements élnd costs of operation 

arc bùsed on those qiven in the 1972 A~riculturpl Fnqineers 
YCdr!.)C·o!~ pUbli::;heà by the Ar~cric'ln Society of l\griculturùl 
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Oisc-hnrrow 

-------- - Forage chopper 
• 

o • 

Tota~ 

... 

" 
1 

- ~ 

'l'able 7 
, 

List Priee ofi EquipMent* , , 

4, 14" furraws, rnounted $1,281. 

, . 
$1,206. 

: 

7, 18" furrowz, 
J"'.anu~l reset 

20' 20" dises 

';;:l 

" 

10~3" 32, la" dises 

ba.sfe unit '$2,31~. / basic unit + reeutter 
corn head 

pick-up head 
/ 

• 
$ 747. 
$ (8..2. 

$6,234. 

2-row corn head 

,?ick-u?:J hcad '" 

*. in effect at time of wri~in<J ' 
, . 

_ ... 

• ,j 

'l 

~~~~ ."L"'~;~~~ ......... .r~ .... ib....l " 't"J ' .. ..._ :1..110;)' JIIn~,. ""'-,,_ II'- ~..t:J." • • "~~._ .. .,e f ,~ ~ 7 
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tG 
tG 
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$3,800. M 
~ 

$2,786. 1\,) 

$3,930. 
$1,424. 
, 

$ 905. 

$12,845. 
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