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ABSTRACT h '

John H. Clark

3 ' . AUTOMATIC CONTROL ORFFIELD“MACHINES: /V

ENGINEERINC, ECONOMIC AMD SOCIAL ASPECTS

. b The history of both power farming and the automation of

field machines indicates that the development of both has been .

evolutionary rather than revolutionary. The feasibility of

., applying to field operations, the automatic guidance equxpment

) as rOposed for highways, appears limited. The requirementa of

an automatic quidance systen for application t¥ a tractor are
complex. Two possible concepts &re pr ed for an eutcmatic
tractor and its required guidance system. The auébmation of ~
field operations is economically Justified under certain
conditions. Méchanization of farming ooeratidhs has been
required hecause of a continuing shortage of labor and further -

- mechanization is required. Rural life should improve with

automation.
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Ph. D. , o GENIE RURALE
PRECIS
, John H. Clark
) LA COMMANDE AUTOMATIQUE DES MACHINES AGRICOLES:
LES ASPECTS TECHANIQUES, ECONOMIQUES ET SOCIAUX
N L"histoire de 1a motocultu're et de ]1‘automation des

machines agricoles montre que le développement de l'un aussi

bien que de 1l'autre s'est fait d'une fagoxi plus évolutive que -

révolutionnairg. Les possibilité§ d'application aux travaux des

champs, des systémes-cde conduite avtomatique proposés pour les

routes semblent lin;x;ées. Les exigences d'un systéme de conduite

qutoma"tique apvlicable au tracteur sont complexes. Deux

J

conceptions pbssibles 3 tracteur automatique et de systéme de

conduite sont presentées), L'automations des travaux des champs .

est "justifiable économiquenent sous certaines conditions

. La

dimigmtion constante de la main d'oeuvre a rencj!u né ss&ire la

N . mécanisation des travaux de la ferme et demande une aégarisation
encore plus Compldte. L'automation dewrait améliorer-le mode de

-~

vie sur la ferme. j
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- PROLOGUE

?
Rl

This thesis will concern itself with three aspects of
the automation of field operations. These are:

i

i. the probable and possible direction that design B
for automation will take in the future

2. the econorics of automation
3. the effect of automation on rural sociology

Included is a history—of automation to the present day.

The recounting of the historv is the easiest bedause hind
sight, in modern parlance, is alwvays nearly perfect. In recount-
ing history, an auther is safe because, even though he may have
to contend y}th biased writinc, he is dealing with facts. To

~ atterpt Lo predict the economic ang sociological effects of an
onconing phenomenon is risky. Only some historical review
written sometire in the future will indicate how close the
predictions came to actuality. ‘

The contributidns to oricinal knowledge by the thesis
are: the evaluation of encireering, economic and social impli-
cations of automatic control of £ield machines and the details
of the automatic power unit necessary for autom;tion of field
operations and a qguidarce system.

?,
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2.
|
RE DEFINITION OF AN AUTOMATIC SYSTEM

A working definition of the word automatic is necessary.

.Automatic, wheh used as an adjective, is defined by the !
Funk and “agnalls dictionary as: "self-moving, self-regulaéing.
‘or self-acting". It is defined vhen applied to mechanisms as:
"Baving a self-acting mechanism by which certain operations are
perforred under predetermined conditions™. As a noun it is

-

said to be "a self-acting machine....". .

i : 5 , \

Automation is said to be: "The theory, art, and techni-
que of converting a mechanical vrocess to maximum automatic
operation, especially by the use of electronic control
mechanisms and elegtronic cormputers....".

To add to the above definitions, automatic (or ‘
automation) refers %o the establishment of a process or a
system of processes which will repeat within a set of
prescribed limits without human aid. These limits may be wide-
rsp}ead requiring that the system be quite sophisticated. The
limits are limits of variability from a mean, within the process,
over which the controlling mechanism rust be able to’éompensate*
- -i.e. a range ¢f values from a maximum to a rinimum. An auto-
matic process”dépends on feedback* for control. 1In this sense,

3
/ 3 8

)

* Feedback: Some of the outﬂut signal is fetdrned to the input
and compared aaainst a reference signal to create an error
sicrol which controls the device. The difference between the
feedback signal and the reference signal creates the error ,

" 'sIgnal. Often thé size of the error signal controls the rate
of change of the control signal. The polarity of the error
signal controls the direction in which the change is made.

/ ° - ‘
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an automatic system is not normally open ended.

Oné examrple of a simple automatit system is the engine
governor, such as is fitted to a small aircooled engine.
Cboling air is blown past a spring loaded air vane.. The air
vane is linked to the carburetor throttle valve. As the engine
speeds up, more cooling air is blown past the vane forcing it

K to move against the spring, thus decreasing the throttle

~ setting. At a specific speed the vane is halanced between air
pressure and spring force. If the engine slows under load, air

-pressure diminishes and the spring moved the vane and the
throttle shaft to increase speed.

u

AIR VANE

“« AIR FLOW
8 < >
' SPRINCG
ADJUSTAZLE LINKAGE TO
SPRING ANCHCR THROTTLE

Figure 1. Diagram of air vane governor

\

Changes in the tension on the spring alter the governed

engine speed. s

e T A system such as this can be represented by the
following diagran.




-

C(s)

Figure 2. Diagram of sirple contrcl system

The reference signal R(s) is provided by the spring
tension on the air wvane. The summing poini:, wvhich in this case
{ is the air vane, produces an error signal E(s) to the carburetor
thrcttle causing a change ir the motor rerresented by G(s). A
change in air sreed C(s) is made. Air velocity changes against
the summing point, the air vane, creating a change in E(s), the

error sional. ’

‘G(s) (is actually a comnosite of several transfer N
functions, these being those for the carburetor, the engine, '

and the engine cooling air fan. , ]

Unity feedback is used -~ unity meaning that it is not
modified. Sometimes howvever, the feedback signal is very weak
or is in an unsuitable form thus requiring modification. In’
that case the diagram becomes as follows.

C(s)

©  Figurd 3. Diagram of control circuit with gain in feedback circult
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Hts) is the transfer function of the feedback path. In
many cases the error signal rust be amplified and G(s) then
becomes comprised of two or more sections, as is the case in the

previous exarmple (Figure 2). s b

The syster stability can be predicted ﬁhthematically ,
from the system transfer function '(s). For the simple system
vith unity feedback

C(s) _ __Gis)

Yis) = ey T TT 6

and for the second

G(s)
1l + H(s)C(s)

Wis) =
3
These transfer functions are written.as Laplace trans-

forms. Fach can be analyzed according te the rost arnropriate
method in order to nredict the svstem stabilitv. If the aystem
is oscillatory in nature it is referred to as being underdamped;
if the systen is sluggish in response it is termed overdamved;
if the system is marginally stable it is referred to as being
critically darnred. The methods of stahility prediction vary
with the type of transfer function to ke analvzed.

Some methods (5) for predicting the stability of the
systenr transfer function are: '

1. constructidn and the visual analysis of a pole-zero
ran for simple svstems

2. use of Pouth's stability rule. Some of the polyno-'
rials of a transfer function are comnlicated and
difficult to factor. . Routh's rule can be applied
to the polynonial as a first step to predict
stability without the need to factor the polynomial.




3. root locus method. This is a graphical mathod to
' siow changes in the locations of the poles of thé
transfer function with changes in the physical
\ parameters of the system.

1. ,use of the Nycuist Stability Criterion. This
determines the number of poles of the transfer
function vhich lie in the right half plane of the’

‘..

S map. N

Syétems using automatic feedback control can become
very complicated. lowever, many of these systems are comprised
of sub~systems which are simpler. An example follows.

/

2

E2(s) Ci(s) Ca(s)

-» G1(s) 52(s)

1 G3(s)

H(s)

Figure 4. Control system with multi-feedback paths

§

Systems used for ‘automatic guidance of field equipment
will all employ feedback of sore description. Even gquidance
enploying humans uses feedback. In turning at the end of a
ficld the human operator raises the implement as his eyes tell
him he has recached the correct point. He then initiates a turn
varying the rate as his eye feeds hack \information. He esta-
blishes the power -unit in the new direction and lowers the
implement at the correct noint, all of this requiring feedback.
In an automated svitem other forms of feedback signals would
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be fed to a control point which would issue control signals for -
steering and implement control. '
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@ II. HISTORY

2.1 HISTORY OF FARM POWER

~

In .ancient times, as man discovered that seeds could be
planted to ensure a more breﬂictable food supply, crop farming
ves invented. IHe found that if he employed some tilldge'he
could give his seeds a better start. At first this tillage was
done with human labor but manldiscovored ways and means of
coupling domesticaﬁed animals to tillage devices allowing
larger machines to be used. This required a human labor force
of two - one to quide ‘the animal, usually an ox, and one to

~—~ control the machine. Productivity was then greater than the
“total of that which the two could accomplish individually using

.~ their own power only.

Mgchihes were improved. Horses were employed. The
horse, while not necessarily as strong as the ox, provided more
flexible power. The horse, when nroveérly trained, could be
'guidcd by the machine operator, reducing the labor force and
#Amproving efficiency. Inventive (or laéy) operators found yays
of riding on the imnlement to reduce their own labor and thus
their fatigue. A well trained horse requiréd very little
guidance after it had.made a few rounds of a repetitive task
and the operator cenerelly just rode the implement making a few
adjustrments to conveniently placed levefs, when necessary.
Horses were uscd to develoo rdtatignal power. A single horse
walked. in a treadmill from which a rotating shaft or .belt drove
o ‘a threshing machine, saw, or some similar equipment. Threshing
machines had been developed to replace the arduous operation of
flailing and wvinnowing the grain. To develop still rore power,
horses were coupled to a sweep power.

® '
4
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This development of power farming has Leen evolutionary
rather than revoldtionarﬁ. Portable chanical power. was
developed first as an external combustton en’ine and secondly
as an internal corbustion engine of two tygés - gpark or heat
ignition. »Pbout 1849 A.L. Archambault buil¥ a portable steam
engine to provide mechanical power. The first self-propellea
gteam cngine appcared in }855. Retween 1870 and 1880 au}table
gearing hetween the steam cngine and traction wheels was
dcvelored alorng vith & steering mechanism. The lagter
necharnisrs were somewnat unreliable and for a while it was
recommended that horses be used for steering ovurposes as well

as providing extra traction.

By 19C0 five thousand 'steam traction engines were being

" produced each year in the Urited States. Some of these were

capable of pulling a large number of plow bottoms, even by
today's stondards. In 1909 a 40 horsenower unit pulled 16
l4-inch botiors and olowaed up to 160 acres in 24 hours (14).

Steam had many disadvantages, such as the bulk, as
required by the boiler and firetox .and, the necessity to
replenish fuel and water. The internal combustion engine
requirec fuecl only which, keina a liquid, was much rore easily
replenished at longer intervals. Since there was more power
per nound than with solid fuels, such as coal or wood, ligquid
fuel vas much less hulky. Development of the Otto cycle engine,
about 187€, led tc these being used e::vérimentally to renlace
stecam cnoires in the smaller stear enaine chassis. Later, ,
chassis desiqned esnecially for gasoline engines were developed.
The Charter Cas Fnaine Co. of the United States built six gaso-
line tractors in 1889, all hLuilt on steam tractor trucks.

AN

Develovment continued until tractors were supplying
power in several ferms: drawbar or traction power, belt vower,

K]
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‘ power take-off power, lifting power for mounted implement
control, hydraulic power and electric power. Only four of
these remain on modern tractors: traction, power take-off,
power to lift mounted implements and hydraulic power.

In the evolutionary development of tractors the power
to weight ratio has increased. Power was eqguated with bulk but
the developnment and application of weight transfer systems have

charced this concent. Cne of the earliest systems to accomplish

this was the Ferguson systen. develovned by Harry Ferguson and
first marketed in 1936 (9). In this system implement and
tractor became an intearal unit. The implements were _fastened
to the tractor at three points. Development of éhis system has
continued to the nresent day to become almost universally! used.
Dimensions and positioning nf the hitch points and linkages are
standardiz%d to allow interchange of eguipment of various manu-

facturers around the world (1). ’

In the process of tractor evolution the driver has
almost always sat at the rear of the tractor. One exception to
this was in one of the first tractors built, the 1892 Froelich.
Here the driver was locgied at thé front. The rear location
placed@ the driver where bhe could observe the work under way and
be in a location to reach the adjustment levers. At the sfart,
horsedrawn eguipment was modified for use with the tractor.
This was a gatural process since the tractor was bought ta
replace horses and the horsedrawn equipment was available.
Often the }abor force rose to two - the tractor driver and the
machine opérator. However, new nachine designs eliminated the
macMine op#rator. One of the final stages of evolution was the

integrated mounting syster as developed@ by Ferguson.

Traditionally then, when there has heen one operator
for both the power unit and the implement, this operator has

Yo
EA R
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)
been located to the rear of the power unit. This tradition has

continued to the present time even on large sized units fitted
with a cab from.which' the operator often has little chance to
observe the implements at work.. In an effqrt to improve
vizibility, experirental upits have been fitted with closed
circuit television. ’

One variation from this technique was the development
/9}(5 machine systen wherein a power unit was designed over
“which or on wvhich it was intended to mount several nieces of
equipment,'as these were required. Most of thig equinment was

»

for harvesting and influded grain and corn equipment.

Thus the development of nower farmiga to date has been

v

evolutionary and not revolutionary.
2.2 HISTORY OF AUTOMATION OF GUIDANCE ¢

Some farm tractors have always had a .form of automatic
guidance althouqgh most operators have never thought of it as
such. This quidance occurred in plowing. Once’ the land had
been struck out it was rossible to continue pnlowing without the
neceséity for steering control except to turn at the end of the
field. All one had to do wvas to turn the front wheels of the
tractor slichtly towards the left to the furrow wall. Since
most tracters used a worm steering gear which was not reversible
the stecrirg' stayed in this position and the tractor followed
the furrow. This technique only worked with tractors with that
type of stqering mechanism and in land free of stones. It did

not work if the right front wheel did not run in the furrow.
- )
There have teen further develonments in this form of
guidance. Some modern tractor designers, in an effort to

+
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improve traction, use dual rear wheels which are too wide to
run in the furrow. These tractors run gomnletely Qn the
unploved ground. Accessoriés have been developed to sense the
furrow edge and provide a steering signal from it to guide the

_tractor (17).

In the early 1920's a small motorized manless plow “(14)
was developed in Iowa. The unit carried two plows, one in the
grourd anéd the other out. Théﬂinitial furrow was plowed with
the tractor driven manually but from then on the tractor worked
automatically: A trip lever out in front of the tractor and

‘behind caused the tractor to reverse direction (and plows) when

it contacted the fence. At the other end of the field the’same
thing happened and the tractor shuttled back and forth between

the fences.

°

One systerm of gquidance developed by filmour (12) relied
on dead-reckoning. Subject to error from disturbances and side

" slippage it was not successful.

Sore designs have used radio control signals but these
ver¢ not automatic, in that an operator sat in a central place
and gqguided the remote tractor.

Most of the more successful automatic quidance systems
have used buried cable (3, 22) as the guidance source. 1In
several examples the cable carried a signal which the guidance
unit on the tractor followed. A second set of cables at each
hecadland carrying a signal of a different frequency signalled
the control unit to lift or lower the impiement and to begin)a
turn sequcnce. Accuracy of repeatability of passes across the
field is high in these systemé meking them suitable for row
crop work as well as for aross field cultivation. In some, the

L e
e R S sk -

cables uare recasonably closely spaced while in others, such as
the one developed hv D.I. Procke (3), the tractor can be

4
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b

operated up to 100 feet away from the guidance cable. In this
system the amount of cable reguired is reduced. At least one

such system is marketed in England by Autotrack Sz;tens Ltd.,

Farnbogough. Hants. \

In all of these systems the expense of burying the
cable and the inflexibility of the system onee the cable has
been buried are disadvantages. The amount of cable required
can be quite large. ' For example, if cable were to be installed
in a 30 acre field to prqvide guidance for an operation using a
machine 10 feet wide, approximately 33,330 feet of cable (6.3

miles) would be needed.

However, in another system the burieﬁ cable is actually
a small rope\(ZS). The machine nulls the rope from the ground,
passes it through the quidance svstem and then relays it some
distance to one side to provide guidance on the next vass.

A sirple quidance system which works from a score
furrow made during the previous passes is that developed by
Grovum and Zoerb (16). Two small wheels follow the score
furrow. The information obtaired fron these is compared
against a gvro and a steering signal is developed. The gyro
conpensates for discrepancies occurring in the furrow.

)

#

But not all autcmatic control systé?s have been this

sophisticated.
/

a saving in labor can be obtained by coupnling two or

more tractors togethner (11). The operator drives the first, and -

steering signals are provided by a cable to the second, thus
autcmatically duplicating the first tractor's movements and
speed. Tension on . the cable controls the speed of the second
tractor. Another system (24) steers field machines along a
crop row by using a feeler to contact the stalks. A spring
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forces the feeler against the row but digplacement of the

feeler from the neutral position creates the corrective )
steering signal. . Parish and Goering (19) developed a "somewhat .
similar device to guide a windrower along the edge of a crop. ‘
They included a unit to cause the windrower to execute a 180

degree turn at the end of each pass. ‘ |

{

None of these systems have used a centralized controller
except in the case where the human controlled a remote machine
using radio signals (14). Somre experiments with radio control
were carried on in the 1930's. In this ‘case the human with his
faculties for vision and thought relayed the corrective signals
to the power unit. This type of system never developed beyond
the experimental stage since there was not any particular gain
in efficiency. As before, the human controller was required
for ore power unit and he also had to be in a position to
observe. - o )
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III. GUIDANCE SYSTENMS FOR OTHER INDUSTRIES " :
’}‘.g Z‘
Guidance systems have been develoned. for other N !«
industries. _Patents have been issued for components, such as a
guidance sensor for a leader cable system (U.S. patent number
3,614,990). One company, Barrett Electronics Corporation,
Northbrook, Illinois, manufactured a leader cable systern which
guided small power units pnulling trailers along a nreset route

through factories or warehouses.

One other . industry, the transnortation industry, is
working tovards the developnent of automated highways.
Required for this will be suitably automated vehicles to use °
the highway. The automated vehicles wduld be manually driven
when away from the automated highway but would be automatically

controlled whkile on the highwav,

Some of the advantages of automatic control are:
greater utilization of an existing highway because of the 4
possible increase in traffic density; greater safety since
spced and vehicle separation are automatically maintained; less
boredom on the nart of the driver since he would function only
as a supervisor while the vehiclq is operating on the highway. ‘

1:
r o K

3.1 PROPOSI'D DESIGN FOR AUTOMATIC HIGHWAYS (24)

3

3.1.1 Vehicles

[N

-

Vehicles could be built for personal or public trans-
portation of people or goods. ['hen away from the automated
highway thesec would be manually controlled; but while on the
highway they would be automaéically contrblred. In addition to

Q _
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the usual equipment féund on a standard highway vehicle there
would be two types of equipment required to automate the

- vehicle. One type would be that which would respond to the

guideway signals providing steering and speed control.

The second type would provide emergency control in the
event of complete or partial failure of signals from the guide-
way. This emergency control would be comprised of: steering
éontrol Gntil the vehiqle operator resumed control, and brake
control to provide separation from thJ'vehicles in front.

If impending probleﬁs wvere diagnosed, signals which'
would be radiated from the vehicle tp the highway control
syséem would cause the highway sectional command to provide
signals to divert the vehicle' into a service lane. -,

\ P RN

3.1.2 Highway e

Besides its usual function of nroviding a suitable path
for vehicles, the highway would provide the guidance signals to
the control units of the vehicles. K These signals _would be sep-"
arated into two kinds: one would bé those originating from a
central source and the other, the céﬁmand signals related to
the particular section of guideway on which the vehicle was
operating. The former would control traffic flow on the highway
system; the latter would control vehiclé speed and separation,
as well as respond to signals related to vehicular problems.
Ent:y\to and eiit of the vehicle from the highway would be
controlYed. ELach 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 some mechanical
syséem. It is likely that in cold areas a leader cable system
would be used because of weather problems. Each lane might be
physicilly separated from the next by a curb or barrier,

¢
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although this could create problems in snow clearing.

. ' > y

- 5

. 3.2 FEASIBILITY OF APPLICATION TO AGRIGULTURE
' ’ ~ : /
- o ®

Unfortunately, the tyme of guidance reauired for fast
moving, high density: traffic is quite different from that
required by slov roving agricultural power units. It is true
that the steerinc equinment intended for the high speed units
could be modified for the low speed units. Howevey, the steer-'
ing cormands required by the high sneed equipment would not call
for the extreme changes in direction required by a field unit
at ‘each end of the field. The secondary controls of the highway
vehicle which provide sebaration in the event of the érimary
system failure by sensing the distance to the vehicle ahead
could be used to sense the field houndary in order to initiate

turns of the nower unlt

The, application tb'agriculture of the quidance control
of the hlghway vehicle bresunooqes that the quidance methods
used in the field would be based on the leader cable sys‘tem.
Ifanother systfem were used then the highwny systen of guxdarlce
would be of 1:1tt:le_ .use. There is, therefore, little of the hard-
ware reauired for the highuayf’system that could be directly

adapted to field guidance. ) v

3.3 AVIATION GUIDANCE , :

o

Automatis guidance in the fom of automatic pilots, or
.autopilots, as they are now called, has heen used for a long
time by aircraft. Autopilots orovide two typds of guidance,
n.—*.rgmly: aircraft control in threce dimensional srace, and cdurse
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tracking utilizing special radio signals from ground stations.
These stations transmit a very high frequency (VFF) siqnal
which carries omni-directional navigational information. Auto-
pilots vary from the simpler devices which keep the aircraft
wings level to the very sovhisticated devices which completely
control the aircraft and follow a preset course. These latter
units can electronically move the ground station to another
geographic position (within radio range of the station) and
develon a track related@ to that position. Aircraft control
information from the autopilot is based on reference gyros
which develop directional information in the horizontal and

L4

vertical axis.

3.4 APPLICATION TO AGRICULTURE ~

’ N\
. - !

Gyros have been avplied@ to agricultural guidance' in a
sinilar fashion to that erployed in autopilots. Grovum and
Zoerb (1G) used a gyro to orovide a direction signal and Gilmour
(12) used a dead-reckoning device. As far as is known the
second feature of autonilots, that of following ‘a nredetermined
course based@ on a VHF omni~directional navigation ground radio
station, has not becn apnlied to agriculture. There are

several reasons:

1. the distance that VHF radio signals can be received
at ground .level is very short, meaning that equip- ‘
ment could only be used in close proximity to the

station
2. the equiprent as used in aircraft is very expensive

3. although 'the equioment is very accurate there are .
still tracking errors which would be too ?reat for Vi

- guidance in row cron work
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Iv. DESIGN FOR AUTOMATIC CONTROL OF FIELD MACHINES

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 to
accomplish the task required; 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 aprroach can, therefore, be revolution-

ary as opposed to being evolutionary.

Little of the world's development of automatic control
for field machines, however, has been of this second, revolution-
ary type. ‘On the contrary, most developments have been attempts
to automate existing machines as opposed to developing new

systems.
'

In spite of the definition used earlier which might
imply an all or nothing situation, there are varying degreeg of
automation. By ‘varying degrees' it is‘meant that,some; but not
all, of the operations now under human control are automated.

It is useful to note that some worthwhile labor reductions can'
be made in this manner. For instance, the operator can oversee
a bigger unit or a larger number of small units than was possible
before. One gimple way of partially automating field work would
be by remote radio control. As stated before, radio control has
been applied to tractors. One human controller was required for
one tractor. A more sophisticated apﬁroach wouid employ some

f
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type of self-contained@ row guidance device, 'such as described
before, with the human controller making the turns using closed
circuit television to ﬁonitor the position of the power unit.
The tontroller could control several power units in this manner,
inchasing labor efficiency. The device would, however, still
be subject to the frailties of human centrol.

Most automatic guidance svstems develoved so far are on-
toard unite. The unit issuing the various corntrol signals is
part of the power unit. It may, and often does, rely on
external signals on which it establishe3®the guidance pattern.

The followinc is an examrle of a new aoproach to automa-
tic control of field machines. It would require a central

controller, a power unit and impnlements.

Central Controller: Command signals would be issued as neces-
sarv. These signals would be based on telemetry r;ceived from
the povwer unit and related to a preset program for that parti-
cular operation previously stored in the conlroller's memory.
Because of the fact that the controller would be a computer and
that slow moving field operation would require a fraction of
the controller's capacity, the controller could control several

power units, each performing a different operation.

If operated in a time-sharing mode, the comruter could
provide quidance for several farms. The computer would yomen-
tarily samyle a job and issue the required command signals
before going onto the next job. It would move from job to job,
returning to the starting point in a sort of round-robin fashion.
Onerations could be added to or subtracted from the system as
necessary when the farm operator (or farm operators) required
them. Suitable control programs could be called up for a
specific function for a certain field on a particular farm.




The cost of the controller would be spread over several farma.

Power Unit and Irplements: If an automatic tractor were
developed then the physical 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 high enough to
observe tﬁe equipment operation. He can watch vhere the tractor
is going and monitor the work being done. If the tractor is to
be automatically controlled then there is not the necessity to
provide for a human operator; controls no longer need terminate
at a central position within tlhe operator's reach; no operator
safety requirements need be met, although there will be other
new safety requirements for the vehicle; there will not be any
requiremeﬁt for cabs to provide for operator confort and safety.
Since the power unit will rot have 21l these limjtations
imposed on it through the necessity of oroviding for operator
convenience, safety and comfort, it now can be ébsiqned for
maxi mum efficiency. The designer of implements for the conven-
tional tractor has 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 at the optihum point without-concern for the

operator. .

A power unit«designed for automatic control, i.e. an
automatic tractor, would become an integral part of the
copplotg processing unit consisting of the power ““if and
implement. The auxiliary parts, i.e. the implerment, could fit
over the pcwer unit, much as the body of a car is lowered over .

a chassis,

I1f one discounts the automatic control, the power unit
without the need for the operator-oriented auxiliaries would be

-
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less expensive to producé. This cost difference could be
applied to the cost of automation. :

-4.2 CURRENT AUTOMATION OF TRACTOR SUB-SYSTEMS

Tractors have become larger in an effort to spread the
operator's working hours over & larcer unit which in turn could
cover more ground in less time. In order to do this certain
sub-systems of the tractor have been mnade automatic. An
example of one of the earliest attempts at automating some of
the operations was the governor control of the engine. The
function of the governor is that of maintaining a constant
engine speed revgardless of engine loading. The operator was
thus relieved of the fatiguing chore of monitoring speed.
Uniformity of speed is important to many operations. Safety is
Sffected 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 be affected; for
exanple, the importance of maintaining a constan% threshing

speed within a cowrbine.

The governor not only does the job but does it more
exactly than the human operator could. However, the governor
operates within certain limits imposed Ly design and by
conditions. When these limits are exceeded as, for example, in
harvesting operation in a non-uniform crop, the human operator
must intervene. He may change to a lower gear to slow the input
of the heavy crop or, in plowing, he may adjust the depth to

).,)ceep the load uniform. Eecause operators do not always do what

they should, autcmatic devices have keen fitted,to some units
to do the work automatically. Torque monitors have beenadded
to tractors to lift hitch points to reduce load.

’)& .
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If a change in depth is 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 use an

automatic transmiscsion, as well as Qgijother devices. '

The total automatic control of fo;ward motion of a

tractor would be by:

l. an engine governor to maintain a uniform engine

speed

{

2. an automatic transmission to provide an uniform
load between the engine and the driving wheels

‘3. a draft sensor to reduceuor increase the load
between the engine and the driving wheels

' -
The priority of control would be in the order given

‘above, the draft sensor having the least priority of all.

Using that rriority of control work uniformity would suffer
least since depths would be adjusted only as a last resort.

Coupled to all of these control mechanisms would be
some device to determine true forward speed. Comparison of
wheel speed and true forward speed would indicate wheel ‘
slippage and would control depth if the difference exceeded
preset amount. At the other end of the scale, zero forward

speed and normal wheel speeds would indicate’a stuckK-tractor

condition and would cause shutdown of the vehicle and warn the

remote syster overseer. )

These autdmatic controls reduce the effort required of
the operator in overseeing these operations and allow him to

devote that time to controlling the machine. In most cases

automatic monitors perform the function better than the operator
counld. As stated prcviously, fasique atfects the overseer's

|

o

el

the




quality of work but not that of the machine. Thus, automatic

opqration of a machine can maintain more uniform quality of work.

/
Some functions have not, as yet, been automated.

* 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 is relied on to initiate the necessary
muscular reaction for correct guidance.

4.3 REQUIREMENTS FOR A GUIDANCE SYSTEM

In order to desibn the guidance system it is necessary
to determine what the inputs would be. Once the inputs have
been determined then the design of the replacement system is
begun.

The guidance required from the ovberator of a tractor
can be broken down into several functions or stages. ' These

are:

1

1. Straight-line Guidance o S

i. The word straight-line is somewhat of a
misnomer. The work is started as a straight
’ line and will continue as a straight line .
only on fields without irregularities, such
as hurps or hollows. In fields where these
occur, the work will not continuve as straight‘
lines owing to the extra area of a hump or
hollow in comparison to the even area with
the samé outside dimensions (Figure 5).
Coupled to the fact that there is extra area.
sin a rectangle containing a hump or hollow is
the problem that, when the device is working
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lalong a slope and its steering mechanism
calls for a track at an angle to that slope,
it does not exactly follow e steering
mechanism. The final direction of travel is
at some angle between the direction intended
by the steering mechanism and the direction
of slove. An operator compensates for this
by crabbina (the tractor so that it climbs the
slopc as fast as gravity pulls it down the
slope. This side slip is further complicated
by the side thrust on the implement.

There are, therefore, two problems, the
first beina the increase in area caused by
the topograrhical 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 be implanted in such 2 way as to compen-
sate for the problem of the extra area creaked
by the irregularity. If the guidance is other-
wise provicded, or if the leader cable were
installed in straight lines, then the only
way to cormletelv process the area would be
to deliberately plan for processor overlap.
This could create orohlerms in row crop work
or in seeding. Since rows must be equidis;anﬁ
from ecach other, the area micht have to be
manuail§ nlanted. The extra seed involved in
seeding‘ﬁight be offset by other-gains from
the automatic systen. - ' '




ii.

iii.

iv.
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Maintenance of proper clearance fﬁon the
previous pass of‘the machine to prevent
machine overlap and underlap or the mainten-
ance of the correct distance of the machine
with relation to the cron.

Maintenance of correct speed. The maintenance
of speed and load are now automated but the
operator can override these functions, if he
wishes.

Correction of machine problems. Maintenance

of correct machine functions is dependent on

the operator's perception. More functions

will need to be automated. Some have been,

as for example: corbine speed control related

to the discharge of grain fron the rear of

the nachine (21); automatic self-leveling of i
the cormbine bocdy (U.S. patent 3,702,298);
aytomatic combine header height control (U.S.
patent 3,704,574).

Turning Guiéance, as required

a. to avoid obstructions

b. to begin a new pass across the field

comprised of:

i.

ii.

iif.

The turning operations to begin 2 new pass are

raising the imnlement, if necessarvy, at the />
correct point

turning to run at right angles to the previous
direction

continuing the run in this direction  as far
as necessary x
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. / ) . 1
\iv., tufning to a new path 180 degrees removed
from the previous prime guidance direction

v. 1if necessary, lowering the implement

\ vi. speed control, as required, during the turn-

| ing sequence. The speed of the power unit is
reduced as the point of turn commencement N
approaches. It may be increased after the
first phase of the turn (usually 90 degrees)
has been.effected. It is again reduced prior
to the second phase and increased to normal
 field sreed at the end of the second phase.

Turns sometimes are not’exact functions of the
angle assumed hy the steering mechanism. Whether
the vehicle turns exactly in response to this angle“
is determined by several factors. These are: ﬁgﬂ‘

a. speed, ané hence its éffegt on
b. vehicle inertia

c. the traction of the steering mechanism on the

> surface

d. the field surface characteristics - loose or
"wet surface will provide different turning
responses '

e. the effect of the processing device. A trailing
processing cevice absorhing a large amount of
draft force will tend to keep the power unit
moving in a straight line despite the fact that
the steering mechanism is calling for a turn.

E
Often, in order to force the power unit to g
turn in the direction being demanded by the eteetihg 3
device, a brake must be arnplied to the driving wheel

v
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on the side to which the turn is to be made.

i

3. Commencement Guidance

This includes the establishment of the first
pass across the field and the delineations of the
extent of the work pass, i.e. definition of head-

lands.

L 4. Termination Guidance, includes: .

i. the decision that the work ;s to be
‘ - terminated

© ii. the method of termination R

An example is the furrowing out at the finish
. of plowing a section, or the adjustment of the
final pass across the field as required by the
nroximity of a ditch, fence or other field roundary.
Fields with non-parallel opposite.sides create

problems.

5. Other Guidance

The four stages outlined above would be followed
for row crop harvesting; but the guidance required
for certain cropping operations does not fit these
four staces. 1In grain harvesting, for example, it
is customary to harvest by continuous travel around

4

the area.

-

Thus, a guidance system would have to be :
deve}oped for the continuous system of harvest. It .
might be less expensive to use the guidance techniqnq
outlined for all crop operations even though there
would be some loss of efficiency in this method as

1
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compared to the continuous harvesting methed. - 7/

7 R‘dgfinition of some of the work parameters can reduce
" guidance problema. The removal of ohatacles, elimination of
headlands and the creation of ficlds of an even numher of
: implement width wide would simplify control proceduras for the
controller. -Areas which cannot be converted to auitahle shapeas
may either have to be worked manually or taken out of the orep

gyater lLecause af thé added cantrol conplexity.

4.4 FRQUIFKNENTS Ffﬂgﬁﬂﬁ DESICNING OF THR AUTOMATED TRACTOR

-

1. As many of the rinoyr control functiona as nosgible
mugt bp made automatie. These will become samall
sub=ayatema, . Included would ke tﬁéxgngfne speed

. control, the vehicle anced control (automatic

transpniswjon), the load control, the wheel slip

indicavor and the detection system to q:termine

' £ {mproper irmlemont function.

©

. Major control functions muat be controlled by the
Y nain guicdance gvaten throuqgh a torﬁ of programmed

control preasot for cach aperation for a specific
. ‘ farm area (field).

3

P

_ o J. The field nuat be tailored to the systenm in oxder
, ~ to simMify it by: altering fleld aize or stapd,
1emoving obatructionr, eliminating headland culti-
vation. 1f headland cultivation is required the
cultivation vractice should he changed to provide
cultivation vithout the necesaity of edther disen- P
qaging oy raising the imploment. -

» L Ad
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4. The power unit rust be designed as a power unit
only. All parts would be easily accessible for
rapid service.. The guidance controller would be {

! ) located at one point on the machine, remote control-

' ' 1ing other- functions of that machine from that
point. The controller should be modular in form,
these modules being plug-in units for ease of
servicino in the event of malfunction or failure.

4.5 DCSIGNS

- !
< .

~

. ’ J S
¢
Previously, it has heen suggested that the SZ;:‘;;Qign
for automration would center around a central controller which
would control differeﬁ} operations in different areas at the

sare time.

One scheme for develonment of a method for land cultiva-
tiop used two powver units located at onposite sides of the area
to be processec. The processing unit (a reversible plow, for

. exanple) was towed'back and forth between the two units by a
cable. The two power units moved along the edge of the field
in increments of distance as the area was processed. ‘

There are several advantages to the system:
2

\\¥ 1. an accurate nositioning was possible allowing good
repeatability for subsequent passes

2. there were no problems with lack of traction since
the draft was provided by the cable from the power

4
\\\\ units

r The processing unit, if it required vertical support, 4
vas mounted on castoring wheels which allowed the unit to move
frccly in the direction dictated by the cables. Cables would
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tend to move the processing unit in a straight line across

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.

Unfortunately there were many drawbacks to this systenm,
not the least of vhich was the anchoring of the mover unit and
its comrpanion unit. In addition, there were problems related
to cables. Fut supnose the system were undated and instead of
cables another method of guidance was used. The vrocessing -
device, instcad of being passive, vould become a power unit
carrying the particular processing device required for the
cperation. The power unit would carry all of the automatic
controls necessarv to the proper functioning of both vowexr unit
anC. processing unit. A guidance rechanism would be required to )
allow the power unit to follow the path laid down kv the control
unit. This path could be a laser beam or a narrow beam electro-
magnetic sigral projected by either of the two control units, «
depending on which had control. Both controllers would carry a
laser projector and receiver. The device controlling the power
unit, at any given point in time, would be the device from

4

which the processing unit was proceeding. Meanwhile, the conptrol-
ler at the other end of the arca being processed would advance
until its receiver lined up with a second control heam projected
by the first controller. The anale of projection would determine
the wié%h. the aree being worled. !Then control was switched
from the f¥rst controller to the second, the former would then
advance theé recuired incremgét. Proximity-sensing devices on
the pover unit wvould detéet the area boundary and the powver

unit would teqgin 2 90 degree vrogrammed turn. (The proximity
detection device could be a modification of the laser obstacle
detection device described at the 1970 congress of S.A.E. (27).)
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A second 90 degree programmed turn would be effected when the
power unit intercepted the laser beam from the controller at
that same end of the area. The power unit would travel away
from the controller, following the laser beam (Figqure 6).

The laser beam should be narrow in the vehicle path
direction and wide in the vertical di&ection, the wide vertical
beam being created by turning the projector through a vertical
arc at regqular intervals. BRv mdunting the rrojector and
receiver as high as prossible and utilizing the wide vertical
beam, guidance would be nrovidecd err undulating terrain
(Figure 7). (Higher hills would still create beam shadows
preventing operation.) 1In spite of the advantages gained from
a higher receiver mounting, height should be kept to the
minimum required unless provision was made to keep the receiver
mounting vertical. If it were not vertical and fhe vehicle was
meving across a slore, thcre would be an undesirable path offset

(Figure 8).

Jf If the laser receiver could be vositioned on the

ngicle in such a way that it could 'see' the master controller
whether the vehicle was moving away from or toward the control-
ler, the guicance system could be simplified. The slaue
controller would not be needed. One receiver could receive the
laser from cither direction if it were mounted to face vertical-
ly up and mirrors vecre used to reflect the‘laser from either
direction down into the receiver. Loss of reception of the
laser beam could be tolerated for short neriods of time during

a pass and for lonéer pricds during a programmed turn. If

[ Y

reception were lost on a rass for more than a few seconds the
equiorment would fail-safe, i.e. stop, (Figure 9).

The laser beams would provide a method of guidance as
accurcte as that'obtained from the buried leader cable. Unlikc{
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the buried cable method, however, this operation would be huch
more flexible in that it could easily be changed. The system
can be easily moved to another area.

4.6 POWEP UNIT REDESIGN

&

r~

Steering: Un to this pcint the autorated rower unit has heen a
redesigned tractor built for automatic control and without a
driver's position or any driver-oriented devices. Most guid-
ance systems, the one just descriked included, are designed for
vehicles usirg the Ackerman-tyne of steering. When the front
(and/or rear wheels, in some instances) turn at some angle to the
longitudinal axis of the vehicle, the moving vehicle executes a
turn. The syétem could be annlied to the type of wheeled
vehicle vhere steering is achieved by articulated front and
rear sections. A point at the “centre of any of these vehicles
would describe an arc-as the vehicle turned.

There is another method. If all of the wheels turned,
in the same direction, to a new angle of 90 degrees to the
longitudipal axis of the vehicle, the vehicle would move at
richt angles to its previous nmath. The word 'turn' would then
not be apnlicable since the vehicle would still be oriented in
the same corpass direction as before. Again, if the four
wheels turned another 20 degrees in the same direction, the
vehicle ngi woul?d move across the field on a vnarallel vath, 180
degrees from the first path but the body would bé unchanged in
direction. (WWhether the wheels actually swivelled a further 90
degrces or vent back to the original direction and reversed
rotation, is immaterial.) Vehicle course direction changes
could be made at any angle. IXf each wheel were independently
driven by a hydraulic or electric motor and the swivelling of




the vertical wheel mounting shaft controlled by another motor,
such a vehicle would be feasible. The body would be articulated
at some point to allow for uneven ground (Figqure 10).

Implements: There are many ways of mounting implements on such
a power unit. One method would utilize a tool bar ‘or an adapta-
tion of the three-point linkage at each end. Some reversible
implerments could be used and either pulled or pushed, depending
on direction of travel. Onc other concept would employ a fifth
wheel tvpe of implement mrounting which, if necessary, would be
rotated throuqgh 180 deqrees at each end of the field.

Implement Attachment: Although the term fifth wheel might
imply a circular turntahle type of attachment surface, the
device may be rectangular. One of the many formas that the

~attachment could talie i3 shown in Figures 11 and 12.

Provision is made to provide for two types of implement
attachment: y

1. Attachment of implements, such as plows, which
Y would be more or less completely carried on the
power qpit, will be to the outside attachment
points as per Figure 13.

2. Attachment of other implements which are only
partially carried, such as the combine, would be to
the tvo centre nounts since some of the implement
weight will be carried on castoring rear wheels.
This rethod will also allow the implement to pivot
in ghc vertical plane, independently from the vower
unit, as both units move over uneven terrain
(Figures 14 and 15).

Power for irmmlement oneration might be obtained
from: a pover take-off shaft located between these
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UNDER VIEW

Diagram of power unit with swivel mounting of drlvp whoots and
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Figure 11. Top view of fifth wheel type of Implement attachment
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Figure 12. Side view of fifth wheel implement attachment
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two mounting poinis, hydraulic outlets, or an
electrical outlet. Coupling-devices for sensor
inputs from the combine to the power unit would be
located at the same point.

‘A small hydraulic cylinder on the attachment
device would 1ift or lower the implement for
attachment or detachment. Suitable legs on the
implenent would lock down to sumport the imolement

wvhen detached.

Guidance: Guidance for t?ﬁg vehlcle would be simpler than that
required for the vehicle with normal steering. One laser
controller only would be requxred, since the vehicle 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-
mity device detecting the distance to a fence.

Changes in power unit directien required at each end of
the field path would be effected by all four wheels. Guidance
signals,“correcting the path across the field, could be made to
act. on one pair of wheels or on all four.

The basis of the system would be one self-~povered
controller 2nd one automatic rower unit. The cont{oller would
advance along a preset pcth and all power uq;t passes across
the field would be made at right angles to this path. The path
might be determined by: a guidance cable which was simply an
electric f-nce wirc with clips on. the wire to set the pass
widths, a leader cable buried in the ground or, for that matter,

arnother lascr Lkeanr.

?
.



V. ECDNOM{FS OF AUTOMATION

py

ot . - R
.Often it is stated that if something cannot pay for
itself then it is not, justified economically. However, this
gives only parf of the story since there are considerations
other than the economic justification. Soméﬁimes, because of
changing conditions, there isrno other way to accomplish the
obetation - ‘shortage of labor beinq a prime example.

What are the economic justifications for automation?

1. Less labor is required for a specific ope;ation as
rechanlzatlon of that oneration increases. The
€ormer cost of this labor can be avplied against
the cost of mechanization. The average farm R
laborer in Eastern Ontarlo and Western Quebec is
paid Y dollars per hour. If an sutoratic tractor
does not requireé a driver tHen the. saving is Y
times the total number of hours that that tractor
is used pet'yesr, less the cost reqﬁired to maintain
the systen;' % i “

2. A tractor is used for a certain numher of ‘hours per
day. This numher ¢ould theoretically be 24 hours
but in practice this is not approached for two
reasons. ’

The first reason is that a specific time is
fequired to service the tractor. Changes if®tgchni- ?
ques of service and in tractor design to reduce «
servicentime can shorten the service time or
lengthen out the periods between service but it
cannot be eliminated. For example, during car
races the length of service time is reduced to a




minimum. In oxder to do this, many skilled
mechanics are used for servicing. However, the man
'.hours for service time are high.

) The second reason that 24 hour a day operation
is not approached is the limiting factor of the
human driver. He eventually needs his own service
“eime for rest and relaxation, refueling and sleep.
This can be overcore by using two or more drivers,
vworking ir#hifts. However, excluding service time
and presuming all operators operating under similar
conditions to be equally efficient there will be a
difference in tractor efficiency between shifts.
Daytime operation will be more efficient than
nighttime because of the operator's ahility to see

better. 4 ,
e .

~~ If an automated tractor were used it could
operate 24 hours a day, less the required service
time. Each hour would be equally efficient since
the guidance system would be unaffected by light
or darkness.

¥
) _ As deropstrated, conventional tractors do not

operate 24 hours a day and this must be accounted
for in determining the size required when a purchase
is made. Allowing for timeliness there are only so
many days in which a specific operation, ssuch as
planting, can be accomplished. Every d#y-Téte in
finishirg the operation exacts a penalty in yield.
For example, the most recent issue of the bulletin
Corn Production in Ontario nublished by the Ontario
el Ministry of Agriculture and Food stated, "yield
reductions of as much as three-quarters of a bushel

LM
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._ \ per day will result as planting is ~delayed beyond
the optimum date". One machinery management
computer program (2) incorporates a cost nenalty
factor related to timeliness. If some time is lost
because of operator service time, a larger tractor
and larger implements must be used to make up the
difference. However, the automated tractor can
more closely approach the 24 hour a day operation.

‘A sraller unit can be used for the same size of
operation sirce it vorks a(lonqer time, or
conversely the same gsize unit can cover more work
per 24 hour day. Cf course. this line of reasoning
works only on those operat%ons which are not
dependent on the sun. Operations, such as haying,
where drying is derendent pn the sun, could only be

continued for part of the 24 hours.

Arong the first automated devices were the so-called
automatic screw machines. These devices produced simpfg itenms
which were formerly made by operators on lathes. Once perfec-
ted, the screuv machines turned out hupdreds of units and were
stOpoea only for servicing. Production of the items increased
ond the guality of the items improved. Since there was no
tigued, sidetracked or
consistently high, if the
asionally something could

,~operator involved whc could become f
take coffee breaks, quality remained

4h¥g§@gine was properly maintaiked. Oc
go wrong and the rachine wvould rrodu

e defective parts but
careful design minimized this probability. A human overseer,
of course, would detect the defect. | Later, built-in detection
for defects was added and machines s.utdo;n thenselves.

The same performance is true for an automated tractor.
‘Its Bork would be unifprm since it would not be subject to
fatigue, bOEEQS? or distractions. 2As stated before, this -

' .




"uniformity would continue hour after hour, day or night.

Once the screwmachine was automated certain other
machine operator-oriented functions had a}ho to be automated.
These were functions related to the safety of the machine' -
lubrication supply, for example. Failure of a component
affecting machine safety resulted in either machine shutdown or
an alarn being given, all functions of this type had to be made
operate in this fashion. An automatic tractor would need to be
similar. Tractor safety-oriented functions would be o0il v
pressure, engine temperature and fuel level. The automatic
tractor would have to provide either warning to those in charge
of servicing or automatic shutdown. On a standard tractor such
things are left to the observation of the operator, Thefefore,
failure by the humar to observe falling oil pressure or
incrcasing temperature still leads to expensive repairs. This,
the automated tractor vould avoid.

Moreover, less than accurate control by the human
operator can reduce crop yvield. Careless*cultivation, careless
adjustment of Ymrlements as these proceed across the field,
wrong speed, all can cause reduction of yields. Farm tractors:-
and implements have increased in gize in an effort to spread
the operator's time over a larger unit in order to make more
efficient use of his labor. Iliowever, quality of work from the
larger implements can be lover than that from smaller units
since the larger rachine may scaln the tovs of hummocks and
inadequately cultivate the bottom of denressions. Taken to the
extreme, inaccurate control can result in damace to the imple-
ment or tractor and even damage to the operator. Proper design
of the auteratic tractyr would minimize these nrobabilities,

resulting in further economic gains.

Rescarch hy the United States Department of Agriculture

=
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has shown that a 15% gain in crop yield is possible by simply

having the tractor follow the same path every time it performs
any operation in that field (13). Undesirable soil compaction
is confined to specific areas. Therefore, accurate repetition
" of travel is essential. TPis would be possible with automatic
guidance. '

5.1 COST PRLEDICTIONS

It has been suggested that if the work were spread over
24 hours a day, where pnssible, certain economics could be
effected. The corollary to this statement was that equivment
intended to do the job in a normal lenqgth of working day could,
theréfore, accomplish much rore over a longer day. Through the
use of a Comsolve (4) pnrogram the following can be predicted.
(Comsolve is a facility develoned by the Ontario FMinistry of
Agriculture and Food to provide comnuter solutions to agricul-
tural enginrecring prcblems. One of the programs evolved by the
author predicts tractor horsevover requirerments for several
farm onerations and the average cost of these operations.)
Suppose, on an example farm, it is intended to grow the follow-
ing acrecages: 60 acres of corn silage, 65 acres of grain corn.
7;'acres of small grains, 75 acres of soyhbeans and 80 acres of
hay fcr haylage. One tractor is to supply the motive vower for
the operations of: plowing, disc-harrowing, combining, corn
forage worlk and havlage. Of these, combining is dependent on
the sun for conditioning of the grain, and haylage is martially
dependcné on the sun. The rest could be 24 hour a day opera-
tions. The progran recuires user entered variabhles. These
relate to soil type,” field si és, acreaces of various crops,
nurbcer of ormerational hours ;i; day and cron yield data.




Using this information and built-in parameters the
program calculates the power take~off h;rsepower required for
each operation. On the assumption that the farm operator will
use a tractor of sufficient horsevower for the job requiring
the largest horsepower the comnuter recalculates the effect of
using this large horsepower on each of the five operations.

Certain costs occur related to the size of the area to
ke worled. These include fuel, lubrication and renairs. ‘It is
reasonable to sunnose that regardless of the tractor size that
fuel costs, revair costs and lubrication costs will be nearly
the same for a specific area. Stated another way, it requires
about X gallons of fuel for an overation over a certain number
of acres regardless of vhether this operation is done in Y hours
or Y/2 hours wvith a traétor of Z or 22 horserower. However, the
carital cost of the tractor, cost of its devreciation and cost

Y

of investmrent will be less per year for a cheaprer, snraller

tractor. These latter are the fixed costs.

Labor costs are fixed per hour of operation if an
operator is required. The two most relevant costs then will be
the fixed cost of the investment and the labor céét. If a
smaller tractor is used over lonqger hours without an operator

" then a saving should result.

Using the acreages qiven ahove and the data built into i
the program, both with regard to the number of days available
for each operation and the related weather data, two sets of
tables vere generated. The only change between the sets of
tables is in the number of hours the tractor is operated per -
day. In the first set (Tables 1 and 2) the number of net driv-
ing hours for plowing, dlsc-harrowan, combining and forage

chopping of corn and haylage were set to 10, 10, 7, 10, 10
hours, respectively. 1In the rest of the tables (Tables 3 to 6)




the same information was used except that the hours of opera-
tion were set to 22, 22, 7, 22, 12, respectively. It was
presumed that the automatic power unit would require 2 hours
per day for ser&icing and refueling. In all examples the
amount of time spent at jobs other than those listed was set to
zero. Investment costs are based on costs of conventional
tractors and since the second example requires 'the lesser horse-
power its cost was lower. Table 5 is based on an automatic
tractor costing $10;000.00, instead of $5,824.00, as calculated
by the program. This cost, selection was strictly arbitrary.
The basic power unit, since it would be stripved of operator-
oriented controls would be less expensive than $5,824.00. The
difference between this and the $10,000.00 used would be the
cost of control hardwvare. For the final table (Table 6) the
automatic tractor cost was set equal to the cost of the 102

horsepower tractor.
5.2 ANALYSIS OF TABLES

Table 1l: The first part of Table 1 gives the optimum power
take-off horsepower required for each of the five
operations as well as the total croo acreage, machine
size and hours of work. The largest horsepower
required is that for plowing. (The horsepower of any
operations marked with an astérisk is ignored by the
computer in determi;ing the largest horsepower.) The

) second part of the table is a recalculatjon of
machine size and hours of work for each of the five
operations using the 102 horsepower calculated for
plowing. Total operating time has been reduéed from
266 hours to 189.2 hours for these operations.

1
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Table 2:

Table 3:

Table 4:

Table 5:

S1.

This table shows the estimated costs for operating
the 162 horscpower tractor for the 189.2 hours. The
program has estimated the tractor to cost $12,212.00.
Hourly cost is $13.20. The total cost for the year
is $2,496.47. Of this amount the fixed cost which
includes depreciation and interest is $1,636.41 and
the labor cost is $435.10. The total cost less the
labor cost is $2,061.37.

Horsepover reciuirements and hours of work are calcu-
lated for a tractor cperating for the longer hours
per day, as outlined ahove. The largest amount of
horsepowver (49) is required for haylage operations.
Total tractor hours for the five operations are 415.4.
This number drops to 384.1 when the data are recalcu-
lated using 49 horsepower for each job. It should be
noted that the hours required for comkining using the
smaller tractor have risen from 36.1 to 56.8 so that
completing the combining operations within the time
available could be a problen. «

This table contains the cost of operation calcula-
tions for a 49 horsepover tractor estimated to cost
$5,824.00 onerating for 384.1 hours. Fixed costs Qre
$780.49 per year and labor costs are $883.53. Total

annual cost less labor is $1,193.65.

\
N e

Talle 5 cgives Ehg costs of operation for a 49 horse-
power automatic tractor estimated to cost $10,000.00.
Fixed costs are $1,340.00 per year. Total annual

cost less labor is $1,913.56. f
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Table ® This time costs are computed for a 49 horsepower
automatic tractor estinated to cost the same as the
102 horsenover tractor, that being $12,212.00. 1In
this table’ fixed costs are §1,636.41 per year. Total
annual cost less labor is $2,294.94.

5.2.1 Summary of Tables

*

Cost of orerating the manually overated 102 horsepower

tractor valued at $12,212.00 $2,496.47

Cost of operating the automatic 49 horsepower tractor
valueé¢ at $5,824.00 $1,193.65

Difference from 102 horsenower tractor $1,302.82

T

Cost of operating the automatic 49 horsemower tractor
valued at $10,000.00 $1,913.56

Diffcrence from 102 horsepower tractor $ 582.91

Cost of operatina the automatic 49 horsenower tractor
valued at $12,342.00 $2,316.47

Difference from 102 horserower tractor $ 180.00

The difference in cost between the manually operated
102 horsepower tractor and -the automatic 49 horsepower model
valued at $10,000.00 would be approximately $600.00 per year.
Added to this difference would be -the economic advantages
attributable to better uniformity of work. These latter costs
howvever, would ke difficult if not impossible to predict. ]

) .

The tables show the fact that, if the labor were avail-
akle, there woydd be a financial advantage to using the small
tractor long hours instead of the big tractor over shorter

hours.,

However, there is one advantage of the bigger tractor..
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All of the tractor hours for each operation ara calculated from
information based on weather data incorporated into the program,

The Province of Ontario was arbitrarily divided into six

regions. The program contains the numher of days available

during the average year for each of the five operations. These
numbers are bascd on long torm weather data. Thus, both

tractors oprerate the szame number of days. The smaller tractor
simply onperates longer hours vner day. The weather data is ‘ ‘
braocd on long term averaqges, If the voar turns out to be J
adverse vith fewer working davs the owner of the bigger tractor
can run it for longer than normal periods each day, to make up
those days he could not operate, urovidinq.he can find the
laborr. The size of the smaller tractor was calculated on the
basis of opecrating for longer hours and there ias, therefore,
little rnarqgin of safety. There is a small margip” of safety
hecause in the recalculation of operations using 49 horsepower
the total hours of arnual use dropved from 415.4 to 384.1.,) 1In
that case there vould he an advantage in owning the biaqger
troctor if the extra labor werc availahle. The arqument hinges
on the word if. ’

Using the ficures given ahove, there is an advantage in
favor of the automatic tracter even allowing a 122% increase in
cost over the non-autonatic. For the automatic tractor of
equal cost to the 102 nower take-off horsepower tractor, after
subtrécting the labor cost, the automatic tractor was aponroxima-
tely $1€0.00 cheaper per year. The cost of $12,212.00 (as
caleulated }'v the corputer) represents a 210% increasc in cost

\
over astandard tractor at $5,824.00,

.

The cost of the equipment to automate vill be almost
the same regardlcss cof the tractor size. If it is desirable to
reduce the risk then a laraer unit than that required for 22
hours a day operation could be selected. The farm operator

\
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might feel that the additional fixed costs incurred would be
offset by the lower risk factor.
o

These calculations have heen based on the assumption
that the automatic tractor would not require any labor input,
otheX, than that required for servicing. However, some labor .
would be needed to establish the tractor in each area in which
it wvas to function and to move it to the next. The amount of
this labor could be reduced to a minimum by making the work

areas as loarge as nossible.

One could arcue that there is a further economic gain
beéause of the improved orecision resulting in higher crop
yields and recovery. There is also a further saving hecause
the labor removed from the tractor can be used to better advan-
tace at other omerations which cannot or have not been mechan-
ized. It io difficult to estimate these savings.

Much is said about all forms of pollution. One formis
that of noise and its effect on the hearing of the operator (G)f
Tests made‘on older farmers show a marked deterioration in
hearing in comparison to other males of the sﬁme age who have
been engaged in other occupations. This results fron excessive
tractcr noise to which the farmer has been exposed. There is
thus, more than a gain in economics if the would-be operator
beccmes a controller and is not exnosed to damaging noise
pollution. Allied to this is the incidence of other physical
problems rclated to the constant shaking of the pody occurring
from the motiow of the tractor. !Many improvements have been
made to tractor secats. But some of these are extra cost
options that the buyer ignores. The controller of the automatic
tractor would not be exnosed to these conditions.

Every year there is a loss of life and a loss of
productive men hours caused hy tractor accidents. It would be

v N °
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‘ presumptuous to suggest that all tractor-oriented accidents
would 'stop 1f the human operator were reroved but it is logical
to suggest that these would be greatly reduced.

L \ ‘

, These types of improvements cannot be measured in
monetary terms. ; ' N

{

It should be noted that none of the cost estimates has
taken into account the fact that the nachinery for the smaller
tractor will be snaller and cost less, resulting in further
savings.

A table of current machinery costs applicaﬁle to the
examples used above is given in Appendix 2. -

-




Table 1

N— v
- Tractor Size: Normal Day

N

MACHINE CROP  MACHINE MACHINE SPEED- CAPACITY TRACTOR
TYPE ACREAGE  SIZE .  HOURS PH  PER HR  PTO HP
pLAY 273, 7 BOTTON  712.5 4.8, 3.2 ACS 102,
DISC. " 273, 12,7 FT WIDE 49.8 4.9 5.6. ACS 59,
«CONBI NE 7. S FOOT 36,1 4.0 116.4 BUS 79,
FORAGE, CORN 6. 1 ROW ‘55,8 4.8 1543 TONS 59,
FORAGE, HAYLAGE ap, 4 réor s3.3 3.3 7.5 TONS A9,

* NNTE: THIS MACHINE HAS VMORE CAPACITY THAN IS REQUIRED
FOR THI§ NPERATICON,

TOTAL TRACTOR HNURS: 266,0
THE TRACTION FORGE REQUIRED FOR PLOVING IS 9872, POUNDS (PULL),

!

NPERATIONAL DATA FOR A 102. HP TRACTOR
WITH 12" B0TTrms,

” MACHI NE CROP MACHINE  MACHINE  SPEED  CAPACITY
TYPE ACREAGE  SIZE HOURS  MPH PER. HR
PLOY 213, 7 BOTTON 72.5 i.p 3.8 ACS
DISC 273,° 20, FT VIDE  31.2° 4,9 9,7 ACS :
CONRI NE 72, 6 FOOT 2a.4 , 4.5 147.¢ BUS j
FORAGE, CORN’ 62, 2 ROW 27.5 4.0 30,5 TONS ;
FORAGE, MAYUAGE 80, 9 FooT 29;5, 3.3 13,6 TONS |

TATAL TRACTOR HOURS: 109.2
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Table 2

Cost Table For 102 Horsepower Tractor

&

P

- “OPERATINYAL COSTS FOR A DIESEL TRACTOR

ESTIFATED TRACTPR COST: $12212,00

.79
. TRACTOR
OPERATION
PLOVI NG
DISCING
COrNINE
FORAGE E/ORN
FORAGE, HAY
GRAMD TOTAL

TOTAL ANIUAL COSTS:

AVERAGYT CNASTS “PER HOUR
FUEL LUBRICATION

REPAIR FIXED COSTS

TOTAL HOURS:e

b]

-~
LABOR TNTAL

{

2,30 13,22

19,2

X,
PRt
- ¥
$
57. %
!

3

LABOR  TOTAL TOTAL COS!
PER_ACR!

cost
166,92 957,14
7170 A1) .98
65.36 375.73
63.25 362,91
67.97  389.41

13 122 | 2,63
% TRACTOR OPERATIONAL COSTS PER YEAR w=
FUEL  LUBR REPAIR ' F CST

64.66 9.7 R3.57 6€27.40

27,85  4.17 32,12 279,85

55,35  3.a@ 34,73 245,83

24,52  3.60 33,58 237,88

26.31  3.95 36.P4 255,25

169,65 25.38 231.02 1636,41

$ 2496,47

A35.10 2496.47

3.51

131

e 5.36
.85
AR7

b 2 o s

-
h
A
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Table 3 toe :
‘Tracfor Slze: 22 Hour Day | o 4
FACHINE CROP  MACHINE NACHINE  SPEED CAPACITY  TRACTOR
TVPE  ACREAGE SIZE “-~ HOURS MPH  PER HR  PTO NP
PLOV 213, A aorron" 163.2 4.0 1.7 ACS a6,
DI SC 213,  5.r FT VIDE 107.8 4.0 2.5 ACS 26
*CONDINE N 70, 5 F0OT 36.1 4,0 '116.4 BRUS 19,
«FORAGE, CORN 66. | ROV’ 85,0 4,0 ¢+ 15,3 TONS 59,
FORAGE, HAYLAGE "¢8. 5 F0OT  33.3 3.3 7.5 TONS 49.

* NOTE: THIS PNACHINE HAS NORE CAPACITY THAN 1S REQUIRED
FOR THIS OPERATION,

TOTAL TRACTOR HNURS: 415,.4
THE TRACTION FORCE REQUIRED FOR PLOWING IS 4032, POUNDS (PULL),.
~

v

OPERATIONAL DATA FOR A 49. HP TRACTOR
VITH 14" BOTTOMS,

MACHINE CROP VACHINE  PACKINE  SPEED CAPACITY &
TYPE ACREAGE  SIZF HOURS MPH . PER HR
PLOW . 273. -4 BOTION  154.2 - 4.2 1.8 ACS
DISC 5273, 18, FT VIDE 64,9, 4.9 A.2 ACS
COMBINE 70, 5 FONT 56.8% 2,7 ?Sgs.s BUS
FORAGE, CORY .. - 1 ROW 55,0 4,8 15,3 TONS
FORAGE, MAYLAGE 80, .5 F00T 33,3 4 3.3 1.5 TONS ;
" TOTAL TRACTAR HOURS: 3P4, | - T | .
THE TRACTINY FORGE REQUIRED FOX PLOMING IS  A@32. POUNDS (PULL). :
’ !
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Cost Table For 49 Horsepower Tractor
(35,824,000

/

o ' 4 ‘ N
OPEQA*IO.‘ML COSTS FOR A DIESEL TRACTOR
‘p -.
ESTIMATED TRACTOR COST: $ 35824,.09 TOTAL HOURS: 34,1
T .

w

/ -

) AVERAGE CNSTS PER MOUR
FUEL  LUSRICATION REPAIR FIXED COSTS LABOR  TOTAL

43 . @6 ¥ 3 2.03 203ﬂ S.41

.

, %% TRACTOR OPERATIONAL COSTS PER YEAR *=x
.TRACTN? FUEL LUSR REPAIR+ F CST LABOR  TNTAL TNTAL.CNST
. coSsT PER ACRE

OPERATION
PLOWI NG 66,10 9,91 9,78 313.19 354,56 833,52 . 3,86

DISCING 27.81 4,17 37,77 131.76 149.17 358.65 1,29
COFBINE T 24,35 3,65 33,07 115.39 132,64 307,11 4,39 5

P

FORAGE,CORN 23.57 3.54 32,03 111,74 126,52 297.39 4,96

W T

- , FORAGE, HAY 22.¢7 343 31,86 1A=, 35 122,67 2eg,39 3.60
. “ b N

-
Shtg

v !
" GRAYD TOTAL  164.71 24,71 223,73 17”A.42 RR3,33 2077.89 ;

®

+  TOTAL ANNIJAL COSTS: $ 2817,09

- '



Table S

Cost Table For 49 Horsepower Tractor
- © ($10,000.00) )

o
OPERATIONAL COSTS FOR A DIESEL TRACTOR
. ESTIMATED TRACTOR COST: $122CP.00 TOTAL HOURS: 3441 d
-«
AYERAGE COSTS PER HOUR
FUEL LUBRICATION REPAIR FIXED COSTS LABOR  TOTAL
.43 .26 1.00 3.49 2.30  7.2%
%«*x TRACTOR OPERATIDVAL CNSTS PER YEAR %
TRACTOR FUEL LUBR REPAIR F CST. LABOR TOTAL ™ TOTAL CoST
OPEHATI OV COST PER ACRE
PLOYING 66,10 9.91 154,15 %37.73 354,56 1122,45 4,12
DISCING 27,91  A4.1T  64.86 226,24 149.17 - 472.25 1.73
CAFSINE 24,35 3.65 56,28 198,13 130.64 413.57 5.91:

i . F
FORAGE,CORN 23,52 J.54 55.00 191.85 126,50 402,47 6'.61 ‘

FORASGE, HAY 22,87 3,43 53,33 186,84 122,67 388,34  4.85

[

GRAND TNTAL 164,71  24J71 374,14 1340.0P ap3,.53 2797.89
TOTAL ANMUAL COSTS: 'S 2797.99 "

a
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Table 6

»

Cost Table For 49 Horsepower Tractor
($12,212.00)

-,

OPERATIONAL COSTS FOR A DIESEL TRACTOR

ESTIMATED TRACTOR COST: $12212,00

FUEL LUBRICATION

w43
TRACTOR
OPERATION
PLOWI NG

DI SCING:
COorBINE
FORA GE,CORN
FORAGE,MAY
GRAND TNTAL

AVERAGE COSTS PER HOUR
REPAIR FIXED COSTS

76
"%

FUEL
66.12
27.81
24,35
23.5¢%
~22.87
164,71

1,22 4.26

TRACTNR OPERATIONAL COSTS

LUBR REPAIR

9.91 189,25
A1 79.20
3.63 69436
3.%54  67.17
3.43 65,13
24,71 469.12

TOTAL ANNUAL COSTS: $ 3178,47

F CST

656,68
276.29
241,95
234,29
227.19
1636.41

TOTAL MHOURS:

LAROR
2.30

LABOR

354.56
149,17
130.64

126.50

122,67
883,33

/

TOTAL
8.27

PER YEAR' &%

384.1

TOTAL TOTAL COS)

cosT

1275,50

536.65
469.96
455.98
441,29
3178,47

!

!

PER ACRE

a.68
1,97

6.7 .
.58

.8.,52
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. during the industrial revolution.

»

VI. SOCIOLOGICAL ASPECTS OF AUTOMATION

-

Each change in basic production methods has been accom-
panied by a change in sociological conditions. Perhaps the
most famous example of this was the industrial revolution of
Great Britain. Here, hand production methods in cottages were
replaced by machines in factories which resulted 'in increased
production in less time. /

Before the industrial revolution, work was carried on
in the workers' cottages. Then came the inventions in the
weaving industry, which led to the establishment of weaving
factories. These factories, at first, were located near
sources of water power. Fesides supplying nower, the river
supplied the necessary transport for the raw materials and
finished nroducts., Then, as mechanical power in the forrm of
steam power became aveilable, the factories located near sources
of labor. Since factories paid better, workers moved froQ\rural
arcas to urban areas to supply the demand for labor. -

Cémﬁodities now became cheaper, allowing the worker to
pufchase more goods, still further increasing the demand for
product. This, of course, heichtened the demand for furthe;
mechanization and/or further laborers.

Changes in agricultural production techniques have
generally not met with reactions similar to those occurred /

About the time that the industrial revolution was in
full sving certain developments in aaricultural processes
improved efficiency in food production. These occurred gqggbly
in mlant ard animal breedina, managerent technicues and the
application of labor. One or two examples should serve.

e
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Jethro Tull, in 1701, developed a primitive drill which allowed
plants to be sown in rows instead of by broacdcast methods.

This techniquo also allowed cultivation between the rows and ’
lessened the amount of seed required and the competition of

wecds. In harvesting, McCormick developed the reaper in 1831.

It can be arqued either that the migration of labor
from the 1ural areas to the urban areas began with the increa-
sed demand for factory lalor or that irproved farm techniques
lesasened the demand for labhor which then had to find jobs -else-
where. The first argument is nrohably more valid.

Much 1is written by modern sociologists vith respect to
,current rural living; much is said about the past effects of
mechani zation on 'rural living; and much is predicted about the
futurce cffoct of mechanization. What were the socioloaical
conditions of the rural cormunity 110 or more yvears ago? Was
there & labor surplus or was there a labor shortage?

James Croil, a farmer in Dundas County from 1841 to
about 1870, wgote in 18C1 the first county history of the
Province of Ontario. Later he became an official of the Church
of Scotland in Cenada ard wrote other hooks. PRefore he came to
Canada he had had, to cuote . Tulchinsky of Queen's University,
"an excellent education in Scotland”. His book Dundas or A
Sketch of Canadian History (7) besides being a history of
.Canada in general and Dundas County in particular, gives an
insight into social conditions a&s they existed in rural Ontario,
Loth during and Lefore his time. .With regard to labor, Croil
states, "If one farmer is blcssed with a family of sons, scldom
more than one or two of them remain at home”, (page 219). He
then goes on to state that these entered a variety of jobs.

Yet carlier in the same volume when writing atout the opening
up of the counﬁy some €0 to 79 years before, hc had stated,
"ihere being ample employment on the father's farm, yet unclearcd,

.

;
e . . + . P



-~ - Lt s ke R N e s A e e e Lt

64.

-

for all his sons....", (page 1135).

At another,point he describes the operation of a
particulérly prospe?ous farmer about whom he says, "His 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
best men that can be had....", (page 195).

Finally, when sreaking ahout laborers, "The greater
part of the labor of the farm in Canada, is performed by the
farmer himself, his sons and his daughters.... The average size
of Canadion farms is 100 acres each, with 50 to 60 acres
cleared.... The demand for labor is therefore limited and the
surnly is generallv ecual to the demend.... Laborers are
chiefly immigrants, Irish, Cerman and a few Scotch, they seldom

continuc at service longer than four years, and if during that
time they are industrious and economical, they will,K have laid

by enough to stock a small farm....", (nage 212, italics mine).
I A

‘'He concludes that chapter by substantiating his state-
ment that*the agricultural implements of the county are
'keeping pace with other improverents".

The differences hetween the two time periods he covered
in the above examples are the differences hetween subsistence
farmingand producthn“farmingn In the early days immense
gmounts.ﬁf labor were required to produce enough for existence.u
Howevcr; €S farm‘conditions improved, subsistence production
gave waf to greater production than the immedia;e family .
requirecd. « Labor denands changed with the improved production.
Less Yabor was required to maintain the status qho than that

required for routine farm work.plus the necessary land clearing.

'th his book, A Vistory of Aqriculture ITn Ontario (20),
Wt




covering the same historical period, G.E. Reaman writes: "From
a survey made by the minister of agriculture in 1857, it was
estimated that there was a need of 24,000 immigqrants; 9,300
farm servants and laborers, 3,600 female servants, 5,700 boys
and girls, 900 mechanics, and q,sooﬂundetihed."

From these rcferences we see that, in thelieﬁl period,
the supnly of labor only matched the demand in snite of the
facta (a) that the samount of lahor required had dronned
considerably in the 60 to 70 yecars and | (k) that somo mechani-
zation had occurred. Trven in those days, while there was not a
shortage of labor neither was there a surplus.

The labor shortagoe existed in ‘the early 1900's. To
again quote from Reaman, "Decause of higher wages in industry
scveral things were hapnening: there vas a ranid increase in
urbanization which increased the locq% market for farm groductp.
Labor was getting scarce wvhich forced the farmer to increase
his mechanization as much as possible....".

T™wo periods in Canadian history, however, have produced
scrious shortages of farm labor. Both occurred during the two -
world wars. After the first war the situation martly correc&ed
itself because the supnly of available farm lahor rose as some
servicemen returned to the farm. This supply was furthgt
improved during the depression years because labor which might
have noved to the city labor markets remained in- tha/rural
area. The sccond shortage developed rapidlv durigq the second
world war, hut after this war, in contrast to tqfld War I, a
very smalll}abor force returneq to the farm. Kény of those who
did return went into farming for themselves with aid of such
plans as the Veterans Land Act..~Poth eras caused increases in

mechani zation because of labor shortage,” R.B. Cray (14) states .

that "in 1917, the year the United S§7tes entercd Vlorld Viar I,

tractor production more than doubled”.
/

/
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It can be argued that there is currently a labor short-
age on Canadian farms which began with the second world war.
The migration of lahor from the farm areas to the city has
continued, with a decreasing percentage of rural labor in the
entire work force. This is substantiated by statistics in the
1972 Canada Year Book. There it is stated that there were
683,000 employed in agriculture in 1960 and 512,000 in 1970.

The farwer has continued to mechanize to maintain or
increcace preoduction in srite of the decreasing sunply of labor
force. The reasons for the decrease of labor are many, not the
least of vhich are better worling conditions in the urban jobs.
Onc could guestion the definition of the word 'better'. When
used in this context 'better' can be taken to mean fewer hours

or less arduous labor.

The la%or force remaining onbthe €arm divides into two
categeries. Cne is a hiahly skilled emoloyee vho can command a
good inrcome when the many fringe benefits he receives, such as -
a rent-frece house, are considered. This type of individual is
attracted to the highly mechanized farm. The secondf;ype of
employee is one who, because of lack of ability and/or initia-
tive, is unable to find erovloyment off the farm in the urban
arca. lic is forced to rerain in the rural area and often lives
in a rural slum area. Dependirg on his initiative he works
vhen he can or when he has to. Ilis plight is alleviated by

mocdlern social -wclfare prograns.

This type of lahor is unsatisfactory to the modern farm
beczuse generally it requires either close supervision or 4
reclegation to a mundane, repetitive, unskilled type of opera- '
tion. Sirce much of this labor is unreliable and because these
operations are the most easily mechanized, this type of labor ‘
opcfation is being or has been vhased out on many farms.
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There is an idea among those concerned,with'problema of
the unemployed that many could be moved back to the farm, both
to provide them with employment and to minimize the farm labor
shortage. Further mechanization is viewed as the worst possible
solutioanJ

-

Whether one recognizes it to be s0 or not, farm labor
is a skilled occupation and requires a’ long rneriod of training.
This fact i’ not realized by those who suggest the back to
farming approach as a colution to unemployment. Most of those
who are farm laborers have been involved in the work almost all
of their lives. To no other occunation is the word apprentice-
ship more anmplicable.

A good farm lahorer has served many years of apprentice-
ship or on-the-job training, whatever one chooses to call it.
Nne, cannot convert thc pnskilled into a skilled agricultural
worker overnight.

t

wgg§ are the present trends in the farm labor force?
The farm labor in all areas is nainly made up of farm operators
and family members. The amount of outside labor - outside the
family - is decreasing. Larson and Richardson (18) state, "In
New York, 'the outloPk is for continued decrease in the number
of farm workers.,..}with this trend is the exnectation of a
greater relative de&endence unon farm overators and family N
members for this state's farm work." Conditions in New York
State arc similar to those existing in Eastern Ontario and

Western Quebec.

Further mechanization will be rfquired to offset  these ;
trends. Much of this mechanization will be in the field of ' ,

automation of field operaticns.

Consicder, too, the changes in rural living as presented
v » B
. ) v
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by the changes in rural ownership, particularly where the area
is close to a large urban area. There are roughly five

categories of owners.
1. the owner whose sole income is from the land he
- ‘ow§s
2. the owner who earns part of his income from the
land and part from a job in an urban area

3. the owner vho makes his entire livina away from the
farm but continues to live on it. He may rent his
land to adjacent farmers.

4. the owner who makes his livelihowmd in the urban

not live on it, but emnloys a farm manager

These types of ownership affect the social organization
of the area. The newconers attempt to bring the impersonal
approach of urban living with them, that of live and let 1live
with resmect to neichbours and their institutions of school and
church. They often’enter little into,.the rural social life,
although they may b utspoken in matters which concern them
directly, in regard to local government and local improvement.
Those with jobs in the urban area tend to make their nurchases
there, maintain their contact with the professional people whon
they consult. Because the numbers in category one are dimini-
shing, the numker of rural people who serve them - shoo owners,
farn renair men - diminish also and the local social cenféxe
(village, for ‘example) deteriorates. Only in thggé rural
scctions where the numhers in cateqories three and four are
small Hés rural life, as known previously, remalned relatively

unchanged.
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A second modern vhenomenon is the apvpearance of rural-
urban districts in previously strictly rural areas (6). A
rural-urban district contafns from several to many homes
concentrated in a small district which had nreviously been

totally rural. This small urban development, if larger, may have

a store or stores and suppliers of services located within it.
It is a self-sustaining unit. It is then in commetition with
and adds to the further detericration of the older centre. The
renbers of the population'of this rural-urbhan district are used
to the services they expected from an urban section and to the
newer methods of doing bhusiness. These are not supplied by the
tradesmen of the older established centre.

Similar situations exist elsewhere in Canada and the
United States. The United States Department of Agriculture
estimrates in 1970 of the size of the labor fcorce in 17 seaboard
states showed a ¢l percent decrease from the 1950 estimates
(18) .

All these features of change affect mechanization on
the farm and increase the demand for it. Evidence would thus
support the conclusion that changes in the availability of the
farm labor force have caused farms to mechanize rather than the
other vay around, i.e. farm mechanization has heen forced by
&#hnges in the farm labor force.

What promnts further mechanization? Garrett and
Burkhardt (10) state, ".... an actual labor shortage is not
needeé to spur interest in ﬁechanization. It may be an impend-
ing shortage or even an imaginary imvending shortage.... He
(the farmer) knows that mechanization doesn't occur overnight

and he wants to be readv....".

- .

that further changes can one expect with automation of




' ‘ field operation?
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There will be a further reduction in farm labor as
related to field operation. Whether this will cause
a furkher numerical drop in farm labor force or a
shift of this lahor to farmstead operations which
are not so easily mechanized remains to he seen.

It is probable that the latter will ocour.

’ 1 * )
Thc/‘} farm operator wvho now supplies part of the farm
labor will ghift his time to supervisory and
managerial operations. Any field operations still
to be done manually will be done by other members

of the farm lahor force.

Much of the field operations are repetitive and
boring. The former tractor operators will be freed
from this to do johs for which their mental skill
and manual dexterity equip them. Many farm philo-
sophers maintain that much of their serious think-
ing was done while driving the tractor up and down
the rows. That time, in the autorated situation,
would have .to be found elsewhere.

€ince the operator would not be tied to his farm to
carry out the field operations he had formerly to
do, he should be better able to enjoy leisure time

» and the social amenities that go with it.

To many, present day farming is a way of life as well

as a method of earning a livelihood. Further expansion in the
use Of automatic operations in_farming will tend to create a
more industrial-type of 1life. The farm operator will oversee
these operations, nerforming fewer himself as the amount of
automation increases. Life style will change since he will not
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[ ..
be bound by th- number of mundane jobs now common on most )
farms. In farm operations of the future, therefore, automation
will prodeo an effective and challonging blend of aOphtltiQM
maqomnt and skilled labor. ég_
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7.1 SUMMARY.

7.

~

-

- SUMMARY AND RECOMMENDATIONS .
% A , i

-

A. Developrent of automatic cdntrbdl will conttnue‘towagéi full
automation of field operations. The stages that it will

\

I.

follow vill probably be as follows.

2s many as pogsible of the exisiing methods of

automation will be applied to tractors as sub-

systems that will function without operator

control. The operator may intérvene if this is

desired. All of these systems exii®; some are

currently fitted to some tractors, some are in the
boratory stage. Included would be: |

i

-~ 1. autoratic engine speed control

ii, automatic engine load control ip the form of .
; .

automatic transmissions

- /{ .
iii. f£dr cultivation: automatic draft control in
the form of implement depth control.

\\ . Coupled to the dara ntrol would be a

wheel slippage Qetector. These two units
would v.ork togetker to allow up to a preset
maximum wheel slippage before a change in

d;aft was made.

{ .
fQr harvest: sensors-on the harvesting

equinment ‘would be used to provide control
of forward. sneed related to cron density
and other equipment ‘functions, such as
healler height. & .

.
[ 3 . 4 -~

i¥. automatic quidance alonq rows, furrows or

‘ <
¢
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I1. The next stace of development will be the inclusion
of a system to provide guidance across the field
: and controlled turns.

A

III. Then will come the automatic tractors .using the )
crab-tyne of steering and fifth wheel mounting of i

e
s _ implements and nroviding automatic operation
. within a specific field.
d I - A
IV. The final step %will bhe complete automatic opera-
} . ’
/) tion of these power units from a central program-
/I

rmed controller.

B. Such units will be economical providing their cost does not

exceed the cost of chsting tractors and that a unit of .
' smaller horsepower, working 22 out'of the 24 hours, is used

where feasible. : . ff
“ ! ~

C. It is unlikely that automatic quidance will have little.
effect on rural living -other than to'provide a further
shift from mundane tasks to managerial tasks. Hopefully,
this would provide more leisure time to the farmer.

%

7.2 RECCMMENDATIONS v

-

3 ' .
It is recaﬂmended that further researgh into the develop- ',
ment wf the autematic power units and their,éz;panion implements
, “ N !
should be continucd. This tesearch should include:

7’

- .
1. the power units ‘ N

. 2. the implencnts
” N
’ '3. further autrnation of sub-systems -

° *~ |
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> 6. further investigation of the sociological impact
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APPENDIX 1
\

The tractor program of the Comsolve series ls designed

' to predict the size of tractor required for each of five farm
operations. These are: plowing, disc-harrowing, combining
(small grain), forage harvester operation for corn silage and
for hay or haylage. The program calculates the horsépower
;gquired for each of these operations, selects the larqgest
horsepower. and recalculates each of the operations using that

]

horsepower.

~ Some of the information required for-the calculations
is entered at the time of execution as data. ‘The remainder of
the information'is part of the program, the pertinent informa-
. tion being si}ected in resnonse to some of the data being °

eétefed. "

Data required are: '

- the aréa of Ontario Ghere‘the user is located

1

- soil type

- stoniness factor .

2

- plowing denth, speed and width of plow bottoms

‘v

- size of field in order to determine field efficiency
/f ' - slone factor for the area

- number of acres of silage corn, grain corn, small

B grains, soybecans and hay

-\

- number of acres to be plowed or disced, if different 4
from that which would be calculated from the above ‘

. \ .
acreages . . N

* = length of the driving day for: combining, plowind,

' )
' — — ’ hd
-
)
’
.
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discing, corn silage and haying operation

- number of days available for each of the above
operations. By-passing any of these will cause the
computer to use program data based on the area of
Ontario selected, and built-in weather factor data.

- vyilelds per acre of: tons of silage, bushels of small
grains, tons of hay or haylage

- the horuepower of a pronosed tractor. I€ a horse-
pover is entecred then thét horsepower will be used
in the Lecalcnlation of each operation instead of

the maximum horsepower determined. '
After the tables showing éhe horsepower réquirements
for each opération and the effect of the maximum horsepower on

each have been orinted, the user has the option of selecting a

cost analysis. If this is desired then the following data

are entcred: costs of fuel per gallon and labor per-hour,

number of hours the tractor spends performing other jobs at or -

near full horsepower, the cost of the tractor, if known, and
the cost of intergst, if known. Default of the last two will
cause the program to estimate the tractor costs and to use an

interest rate of 8%,

A second table vorinted as part of the cost analysis
shows the effect of using tractors with €0, 90, 100, 110 and
120% of thc power required. This table is not printed if the

user entered a cost for the tractor.

-~

Maximum horsepower is linited to 175. If the calculated
horsepower cxceeds 175 for "lowing the calculated horsepéwer is
divided by a factor detcrmlneo from the number of tlnes 175
divided into the horsenower + 1. - For example, if the calcula-
tcd‘horscpower was 210 it would, pe.divided by 2 and ¢he plow

p]

LD}
’
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horsepower of the tractor set equal to 105.

At a later point 105 would be compared with alé%:he
horsepower calculated for the other operations and the "maximum
selected. ' -

This maximum is used in the recalculation of operations
and in the cost analysis.

The user has the ortion of entering data in response to
questions or as data strings to shorten input time. Output can
be printed (a) complete with all headings and notes

(b) with headings only and without notes
(c) without headings and without notes.
Again, the options are selected at the time of execution.

{
At the conclusion of the cost analysis, 'the user may

change any or all of the cost analysis narameters that were
entered. 2ll of the tractor selection data are retained and
new cost analysis tables are printed.

If the option of changing the cost analysis is by- -
passed the user has a further option of changing some of the
data pertaining to the tractor selection. These data are:
pPlowing gspeed and plow cdepth. If either is changed new tables
wili be printed and a new cost analysis can be run.

At the beginning of execution the user can select a
short form analysis wherein only the first output table is
‘printed. lle .then has the option of changing plowing spéed or

depth. . - ,

1
The formulae used within the.proéram to calculate
implement sizes, horsepowver requirements and costs of operation
are based on those given in the 1972 Aqricultural Fnaineers
Yearbcolk published by the Mwerican Scciety of Mgricultural
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Engineers. Some changes have been made to match Ontario
conditions. o

H

This orogram'has been revised constantly in order to

keep program data, such as those related to tractor costs, - )
updated. ' '
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. -
Table 7 ‘
i List Price of Equipment*
Plow -9 4, 14" furrows, mounted $1,281. 7, 18* furrows,
‘ ‘ranual reset $3,800.
Pisc-harrow 10'3" 132, 18" discs  $1,206. 2¢' 20" discs $2,786.
Forage chopper basic unit '$2,318. / basic unit + recutter $3,930.
’ corn head ¢ 747. 2-row corn head €1,424.
pick-up head s $ €82.  oick-uo head” ) $ 905.
Total - ¢ $6,234. $12,845.
*. in effect at time of writing °
' »
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