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CHAPTER 1
INTRODUCTION

American agriculture is becoming a mechanized industry. Since
1950, the input of farm labor has declined greatly. This decline in
labor input has resulted in an increase in machinery input, These
facts are illustrated in Figure 1.1. Of course, mechanization compounded
by rising machinery prices, as illustrated in Figure 1.2, has meant an
increase in the amount of capital invested in machinery. Based on
Figure 1.3, approximately 207 of thg total dollars spent by American
farm operators was spent on farm machinery in 1969. As long as farm
machinery costs are a major portion of production expenditures, sound
machinery management is required if farmers are to make ends meet.

No doubt, the decline in farm population as well as the decline
in the number of operating farms is due in part to poor machinery manage-
ment, Misjudgments in purchasing farm equipment can be costly, espe-
cially when initial costs are high or when the functions required must
be performed accurately and on time.

A computer program which may be used as an aid in selecting tractors
and farm implements has been written by Donnell Hunt (7). The program
makes an economic analysis of a farm machine system and selects equip-
ment sizes which minimize the annual cost of operation. In an attempt
to increase the effectiveness and usefulness of Hunt's program this

study was undertaken.
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Figure 1.1. Indexes of selected farm input category purchases, 1950-1970.
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Figure 1.2, Indexes of prices paid for production items, feed,

fertilizer and farm machinery, U.S., 1954-1969. (1957=100)
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Figure 1.3. Percentage distribution of production expenditures by -

Percent

farm operators, U.S5., 1954-1969.
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1.1 Hunt's Program

Donnell Hunt's program, written in FORTRAN IV, consists of one
main program. The selection procedure is based on a search method for
obtaining the optimum tractor horsepower. For a given tractor horse-
power, optimum implement widths are determined by an "optimum width equa-

tion" (6). Basically, the form of the optimum width equation is as

follows:
8.25A ks
w = [m](L+T+K-A'Y-V). (1.1)

Equation 1.1 is derived from an implement annual cost equation by
the methods of differential calculus. Hunt constructed an implement

annuai cost equation of the following form (6):

FCZ.pw + [8'—25-él(rm-p-w +L+ow+ fowut T+ KAYV),

AC S:.w.e

(1.2)
Where:
AC = implement annual cost, $/yr;
FC%Z = implement fixed cost rate;
p = purchase price of an implement, $/ft;
w = theoretical width of implement, ft;
S = ground speed of implement, mph;
e = field efficiency;
A = implement annual acres, acres/yr;

rm = repair and maintenance cost factor, decimal/hr;



L = implement labor rate, $/hr;

o = 0il cost per hour on a per foot of implement width basis;

f = fuel cost per hour on a per foot of implement width basis;

T = cost of tractor use by the machine, $/hr; T = 0 if
implement is self-propelled;

K = timeliness factor, decimal/hr;

Y = potential crop yield, bushels, tons, etc., per acre;

V = value of crop, dollars per bushel, ton, etc.

Now by the methods of differential calculus;

WO o= porp - (BB v e warm, (1.
S.w.e

Bé?zA](L + T + KAYV). (1.4)

i FC%-p‘w2 - [

Solving for w,

|
_ 8.25A
w = (FC%-p-S-e} (L+ T+ K-AY. V).

The above method of obtaining the least cost implement width has
the advantage of being easily calculated. Equation 1,2 is minimized by
the ﬁrecise mathematical answer for implement width obtained from
Equation 1.1. However, the practicality of such a solution may be
" questionable. For instance, in Equation 1.2 fuel and oil cost terms

are given as simple functions of implement width, w. Such terms are



desirable, since by differential calculus these terms will not appear

in the "optimum width equation''. However, in practice it is rather
difficult to express fuel and oil costs as simple functions of implement
width, w. For these feasons, it was felt that an implement annual cost
equation should be written containing expressions which may be more
practical. Several methods, no doubt, are used by agricultural economists
to calculate fuel and o0il costs. Some may use the methods suggested in

the Agricultural Englneers Yearbook. For this work, those equations

which Hunt has incorporated into his machinery selection program will be
used to calculate fuel and oil costs.

An area limiting the utilization of Hunt's program is in the selection
of fuels for engines in the farm machine system. With the present pro-
gram, one fuel type may be selected for all engines in the machine system,
which means that if the tractor uses diesel fuel so does the self-
propelled combine. This will not always be the case. Therefore, the
usefulness of Hunt's program could be increased by altering the program
to allow for the selection of a fuel type for each engine in the farm
machine system.

Presently, all power requirements in Hunt's program are based on
an all inclusive term known as a force factor. The force factor gives
the pounds of force needed to power a foot of width of an implement.
Supposedly, the user of the progfam can determine a suitable value for
the force factor of any kind of implement. This may be rather difficult
for certain implements, especially when much of the available data is

not given in such terms for implements driven by the power take-off



shaft of the tractor or an engine. To overcome a certain amount of
this difficulty, the program should be designed to méke use of im-
plement data given in terms of energy requirements.

Tractor drawbar performance is affected by soil conditions,
travel speed, tractor weight, and method of implement attachment, The

1971 Agricultural Engineers Yearbook contains information which may be

used to attempt to optimize tractor drawbar performance. The program
should include this information in an effort to obtain more reliable
solutions.

General improvements could also be made to Hunt's program. Present
optimization procedures should be replaced by techniques used in the
field of management science. Furthermore, the program should be re-
designed to facilitate program changes without studying the entire pro-
gram., This could be achieved by separating the program into a set of
subroutines each concerned with somé logical portion of the machinery

selection process.:

1.2 Statement of the Problem

The overall objective is to refine Hunt's program and make it more
general in its application. This will be achieved by accomplishing the
following intermediate goals.

1) Construct a more precise annual cost equation by utilizing
equations employed in Hunt's program to express the cost
factors of all implements.

2) Increase the utility of Hunt's program by allowing a different

fuel type for each engine in the farm machine system.



3)

4)

Include in Hunt's program information available in the

Agricultural Engineers Yearbook concerning

a. energy needed for equipment driven by the
power take-off shaft of the tractor or an engine, and
b. tractor drawbar performance,

Improve Hunt's program by

a., making use of optimization techniques used in manage-
ment science, and

b. redesigning the program as a set of subroutines.
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CHAPTER 2
BASIC DEFINITIONS

‘In order to understand certain terms and factors of equations in
.the following chapters, it will be necessary to present various defini-
tions and déveiop several equations. Such terms as machine capacity,
field éfficiency, horsepower, and energy are important in the develop-
ment of an implement annual cost equation for a farm machine system of

tractors and implements.

2.1 Machine Capacity

Theoretical field capacity is achieved if the machine performs

its function without interruption at the given speed and given width.
Ct’ the theoretical field capacity in acres per hour, may be calculated

from the following equation:

S.w

== ' 2.1

“ =825 ¢ , (Zald
Where:
Ct = theoretical field capacity, acres/hr;
S = ground speed of machine, mph;
w = theoretical width of machine action, ft;
1 _ 5,280 ft acre
8.25 mile 2

43,560 ft

For example, if



S = 5 mph,
and
w = 10 ft,
then;
_5x10
€. =%.25 °

6.06 acres/hr.

Effective field capacity is the actual rate of land covered or

crop processed in a given time, based upon total field time. For in-
stance, 40 acres of land tilled in 8 hours would result in an effective
field capacity of 5 acres per hour. Letting Ce be the effective field
capacity,

total area tilled (2.2)

C = 7 .
e total time spent to till area ’

40 acres

8 hours °’

5 acres/hr.

Field efficiency is the ratio of effective field capacity to the

theoretical field capacity. Continuing with the above example and

letting e denote field efficiency;

e = —= (2.3)

5 acres/hr
6.06 acres/hr ?

n

0.825.

11
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Conversely, if the field efficiency is known it is possible to

predict the effective field capacity of a machine since,

Ce = Ct-e "
_.Sewre
8. 05 ° (2.4)
Where:
C, = effective field capacity, acres/hr;
e = field efficiency.

It should be mentioned here that a specific value of field effi-

ciency is usually given as a percent. However, for all equations in

this work field efficiency will always be used in the decimal form.

2,2 Horsepower Requirements

Horsepower, denoted by hp, will be considered as the basic unit

of power and is defined as follows:

550 ft-1b
sec '

Power take-off horsepower is power obtained from the power take-

off shaft of the tractor or engine (4). The PTO hp required by an im-

plement is given by the following formula:



PTO hp = (power or energy requirement) (machine size or performance
rate).
Since this work will only be concerned with power take-off energy re-
quireﬁents in terms of horsepower-hours per ton, the PTO hp réquired

is obtained from the following equation:

PTO hp = HHT-Y-C,. (2.6)
Where:
PTO hp = power take-off horsepower, hp;
HHT = power take-off energy requirement, E%i%z;
Y = crop yield, tons/acre;
Ce = effective field capacity, acres/hr.

Drawbar horsepower is power required to move the implement through

or over the soil or crop. It is developed through the wheels or tracks
of the tractor (4). The following equation gives the required drawbar

horsepower, DB hp, to power an implement:

_ Sew-ff ‘
DB hp = 95 - 2.7)
Where:

I

DB hp drawbar horsepower, hp;

S = ground speed of machine, mph;
w = theoretical width of machine action, ft;

ff

]

force factor, lbs/ft;

1 hr % 5,280 ft < min-hp
375 60 min mile 33,000 ft-1b

13



Since tractors are generally rated in terms of PTO hp, it is nec-
essary to convert DB hp to an equivalent PTO hp. Beéause of power losses
due to friction in the drive train of the tractor, tractor relling resis-
tance, soil conditions, etc. a conversion factor is used to convert from
DB hp to equivalent PTO hp (6). The conversion factor, commonlﬁ termed
"tractive efficiency ratio', is the ratio of the DB hp to axle horse-
power. Axle horsepower being, in general for selective gear trans-

missions, 96% of the available PTO hp (4). Therefore,

_ __DB hp '
DB BPprg equiv ~ 0.96 TER ° (2,8)

Where;

DB hpPTO - = drawbar horsepower expressed as an equivalent

power take-off horsepower,

TER = tractive efficiency ratio.
The total equivalent power take-off horsepower required to power

an implement then, is the sum of the requirgd PTO hp and DB hpPTO equiv;

= PTO hp + DB (2.9)

BPp1g equiv hpPTO equiv °

Where;

hpPTO eqniliy = total horsepower required to power an implement
in terms of PTO hp.

Many times it is desirable to have a certain amount of reserve

tractor horsepower for tough soil conditions, steep slopes, starting the

14
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implement, ete. When this is so, the required tractor horsepower, hpT,
is obtained by dividing the required implement horsepower as calculated

in Equation 2.9 by a loading factor denoted by (ZL)T. So that,

hp ;
- PTO equiv
hpT L) : (2.10)
T
Where:
hpT = tractor horsepower, PTO hp;

(%L)T = tractor loading factor.
For example, if on the average it was desired to use 90% of the available
tractor power (%L)T would be 0.90.

It should be noted that hydraulic horsepower, the power required
to operate the hydraulic system of the tractor and implement is also
important. Published tractor horsepower ratings generally are the net
available horsepower above the hydraulic horsepower requirement of the
tractor. Since the hydraulic horsepower required by an implement does
not in general exceed that required by the tractor, it need not be con-
sidered when determining the amount of tractor horsepower needed to power

an implement.

2.3 Energy Requirements

In order to accomplish a given amount of work a certain amount of
energy will be expended. It is possible to calculate the amount of energy
needed to complete a given operation with a given implement. Using

Equation 2.4 for the effective field capacity of an implement, the number
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of hours worked per year may be computed. Since;

A
R
e
_ B.25A
T Sewee ° (2.11)
Where:
H = annual hours worked, hr/yr;
A = implement annual acres, acres/yr.

After expanding Equation 2.10, it is possible to solve for the

product of speed times width,

h - 1 HHT*Y+*S*w e Sewr £
Py 7Ly, 8.25 375-0.96+ TER| ’

_ _S-w  [HHT.-Y.e , ff
T Ty, ( 8.25 360TER]' (2.12)

Solving for the product of S times w,

(%L) -hp
_ T°T
SV = Wi Y.e I (2.13)
8.25 360TER
Substituting into Equation 2.11,
_ 8.25A HHT.Y.e £f
H= (e.(ZL)T-hpT][ 8.25 360TER] : (2.14)

Simplifying,
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_ 1 B.25A. ff
L ((%L)T-hp,r] (HHT'A 1+ 360e-TER} d (2.15)
Then multiplying through by hpT:
_ 1 sk 8.25A.ff
T, [HHT AY T 360e-TER] . (2.16)
Where:
E = tractor energy required to perform a given field operation

with a given implement, BR§%£ ,

For this work it will be assumed that the horsepower requirement
for field operations is large enocugh to supply the power for processing
and transporting material., In other words, the tractors which supply
the power for field operations will also supply the power for the trans-
portation and processing of materials,

Energy requirements for processing operations such as grinding

corn, loading manure, etc. are determined from the following formula:

EP = G'W . (2017)
Where:
= i ; {on, DPhE
EP = energy required for processing operation, o %
- : i hp-hr,
G = energy requirement for the specific process, Con }

W = weight of material processed annually, tons/yr.

Values of G may be obtained from Table 2,1.



TABLE 2.1

Energy Requirements For Processing Operations

Operation G, h%gEE
- Loading manure 0.2
Shelling corn 1.2
Grinding - ear corn 5.5
- shelled com 8.0
- oats 17.0
Blowing silage 1.5
Crop drying 2.8

Source: Hunt, D., Farm Power and Machinery Management, Iowa State
University Press, Ames, Lowa, (4th ed.), 1964, p. 214. '

Energy requirements for transporting materials are obtained from

the following equation;

ET = 1.1D:W . ' (2.18)
Where:
_ - . hp-hr |
ET = energy required for transporting material, yr
D = one-way distance material is transpofted, miles;
W = weight of material transported annually, tons/yr.
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CHAPTER 3

DEVELOPMENT OF AN

ANNUAL COST EQUATION

In ordgr to develop an annual cost equation for a farm machine
system it is necessary to examine several areas which reduce the profit
of such an organization. In general, the annual operating cost of an
implement or tractor can be divided into two areas, fixed and variable
costs., Wherever possible, cost factors in the written material which
follows will be expressed in terms of horsepower, hp, or width, w, which-
ever is appropriate, since it is desired to eventually solve for the
horsepower of the tractor and implement widths which yield the least

cost farm machine system.

3.1 ‘Fi#ed Costs—

Fixed costs are costs of ownership and are independent of use.
Such costs as depreciation, interest on investment, taxes, Insurance,
and shelter are known as fixed costs. The annual fixed cost percentage
method will be used to determine fixed costs for implements, implement
attachments, and tractors (6). By this procedure a fixed portion of the
purchase price is charged yearly to cover each of the fixed costs mentioned
above. The total amount of the fixed costs is determined by a fixed cost
rate or percentage. This percentage value is based on existing rates of
depreciation, interest, taxes, etc. TFor instance, according to KSU Farm

Management Guide, MF-273, a 1971 publication of the Cooperative Extension
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Service at Kansas State University (13), the fixed cost charges for 1971
were based on percentages as shown in Table 3.1. By the fixed cost per-
centage method the annual fixed costs would be approximately 17% of the

purchase price.

TABLE 3.1
Estimated Percent of Purchase Price Charged Annually to Cover Fixed

Costs in 1971, Assuming Straight Line Depreciation Method and 10 Year Life

Fixed Cost Percent
Depreciation 10
Interest 4
Taxes, insurance, housing 3

Source: Schlender, J. R. and Figurski, L., A Look at Machinery Costs,
MF-273, Cooperative Extension Service, Kansas State University, Manhattan,
December 1971.

For this work, the fixed cost rate, denoted by FC%Z, will be de-
termined from equations used in the machinery selection program developed
by Hunt (7). These equations charge 6% of the purchase price to cover
costs of interest, taxes, insurance, and housing. A fixed cost rate is
also calculated to cover depreciation costs and is based on the straight
line method of depreciation and assumes a 10% salvage value. The fixed
cost rate covering depreciation is adjusted to allow for increases or

decreases in the depreciation amount caused by differences in the expected
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life, X, and trade in age, T. The following equations will be used to
determine the fixed cost rate for all implements, implement attachments,

and tractors.

FCZ = 0.06 +95{—9, PEX<T. (3.1)
And,
FCZ = 0.06 + 128, if x> T . (3.2)
=T
Where:
FC% = fixed cost rate, which is used to determine the total

amount of fixed costs due to depreciation, interest on
investment, taxes, insurance, and shelter;

X = expected life of machine, yr;

T = trade in age of machine, yr.

The expected life, X, may be determined from published data or
from the records of the machinery mahager. The trade in age, T, may
simply be the expected life of the machine or it may be arbitrarily
chosen by the farm machinery manager.

For an implement, the annual fixed cost would include the fixed
costs of any attachments that go with the implement. For example, a
combine may have a corn head attachment in addition to a platform. In

general, the fixed cost of implement i, FCi, would include the fixed

costs of a, attachments and is expressed as follows:
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a

FC, = FCZ.p.w, + Zi FCZy 1Py iYs 5 for £ =1, 2, 3, veu,
k=1
n number of implements. (3.3)
Wheré:
FC, = annual fixed cost of implement i, $/yr;

FC%i = fixed cost rate for implement i;

P, = purchase price of implement i, $/ft;
L theoretical width of machine actiom, ft;
FCZki = fixed cost rate for attachment k of implement 1i;
Ppj = purchase price of attachment k of implement i, §/ft.

For tractors the fixed cost, FCT, is expressed in Equation 3. 4.

FCp = FChprhpo. (3.4)
Where:
FC%T = fixed cost rate of tractor;
Py = purchase price of tractor, $/PTO hp;

hp,, = maximum PTO hp of tractor.

As stated in Chapter 2, it will be assumed that the tractors which
supply the power to perform field operations will also supply the power
for transporting and processing material. See Figure 3.1. Since tractor
power supplies energy in three areas, the fixed costs of the tractor
should not be charged entirely to field operations nor to transportation
and/or processing operations. Therefore, a method for determining the
portion of tractor fixed costs that should be charged to field operations
is needed. The method used by Hunt will be used here; i.e., tractor fixed

costs will be prorated on the basis of the énergy requirements in each
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Figure 3.1. Illustration of tractor power supplying energy in three areas.

TRACTOR
POWER
Field Transporting Processing
Operations Material Material

area (7). For instance, suppose that energy requirements existed as in
Table 3.2. By the use of Hunt's method, 80% of the total fixed cost

of the tractor would be charged to field operations, since,

400
700 + 75 + 25 [Cpr

O.BOFCT =

TABLE 3.2

Example of Energy Requirements In Three Areas

ENERGY REQUIRED FOR AMOUNT /YR
Field operations 400 hp-hrs
Transporting material 75 hp-hrs
Processing material 25 hp-hrs

Total 500 hp=-hrs
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The portion of the tractor fixed cost charged to each implement

will also be based on the ratio of the amount of energy needed to power

the implement and the total energy supplied by the tractor, ETOT’ for
field operations and processing and transporting materials.
Eror = EBpo * Epy * Eqy - (3.5)
Where:
ETOT = grand total of energy supplied by the tractor, EB§%£;
_ : . hp-hr,
EFO = total energy needed for field operatioms, p—
= i {51, Bp-hr
EPM = total energy needed for processing material, == H
ETM = total energy needed for transporting material, ER§%£ .
EFU’ EPM’ and ETM can be calculated by making use of the equations

presented in Chapter 2.

Equation 2.16 may be used to obtain the energy required for one
specific field operation with a given implement over a certain number
of acres annually. Letting ETij denote the energy supplied by the
tractor to power implement i for operation.j, Equation 2.16 can be re-

written with subscripts.

HHT, .. .A,.Y. 8.25A, ff .. '
E - Tij ij i + i§7°Tij . (3.6)
Tij (AL)T 3603j(AL)TTERTij
Where:
E = total tractor energy needed to power implement 1 for

T4j

operation j, 325%5;



HHTTij = tractor PTO energy needed to power implement i for
N hp-hr
ope o) 3 _P__._.._.
peration j, ——-=;
Aij = acres involving operation j and implement i, acres/yr;
Yj = yield of crop involved for operation j, bushels,
tons, etc., per acre;
(ZL)T = loading factor for tractor, decimal;
ffTij = force factor for tractor powered implement i in operation
j, Ib/ft;
ej = field efficiency of operation j;

TERTij tractive efficiency ratio for tractor powering implement 1
in operation j.

In general, a farm machine system would have m field operations
in which implement i ﬁay or may not be used. The total tractor energy

needed to power implement i, E_., would be as in Equatioen 3.7.

Ti
)
Prg T L Frig (3.7)
T, j=1 Tij
Where;
ETi = total tractor energy needed to power implement i, hE;Zr .

The equations presented from this point on will be given in general
terms with the use of subscripts. As stated earlier, implement i may or
may not be used in operation j. No problem exists in the use of the
equations as long as i is used in j. However, if implement i is not used

in operation j, what is the functional value of an equation such as

25
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Equation 3.7? To be mathematically correct, another variable should bé
incorporated into the equatioq——a variable that could be used as an
indicator. For example, if implement i was used in operation j, the
variable would have a value of 1; if i was not used in j then it would
have a value of zero. However, adding another variable would make the
equation even-more cumbersome. So the approach taken, is that if i and

j are not a proper combination, then the functional value of the equation
is zero, or the equation is ignored since it does not apply to situations
when implement i is not used in operation j. For instance, suppose ETi
is wanted for implement number 10 (i=10) and suppose for operation number
4 (j=4) that implement number 6 is used rather than implement number 10.
Then in Equation 3.7, ETij = ET,lO,& = 0.0 since i=10 and j=4 is not a
proper combination. This point should be kept in mind for the remaining

equations to be presented in this work. The total energy for m field

operations involving n implements, EFO’ can be expressed as follows:

n
Ero = ,E Bry s
i=1

Il
= Z E ;
j=1 j=1 T4
HHT_ . . A,.Y., 8.25A,.ff_..
- 3}1 IZu [ c i 4 Li) : (3.8)
sE1, 24 (L) 3603j(AL)TTERTij

The energy needed for a processing operation is given by Equation

2.17. After expressing it in a more general form with the use of sﬁbscripts,
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the total energy needed for p processing operations is given by

EPM = .E G Wi . (3.9)
i=1
Where:
= tot: ~ (a1, DP=hT
EPM = total energy needed for processing material, o 5
_ . . hp-hr
Gi = energy requirement for process i, —gi s
Wi = weight of material processed with operation i, tons/yr.

A more general form of Equation 2.18 can be used to determine the

total energy required for t transportation operations, ETM'

t .
B = L 1.1DW, . (3.10)
=1
Where:
- ;g1 p-hr
ETM = total energy needed for transporting material, g H
Di = one-way distance material is transported for operation i,
miles;
Wi = weight of material hauled in operation i, tons/yr.

Now with the foregoing information, the fixed cost of the tractor

charged to implement i, FCTi’ is expressed as follows:

E
Ti
FC.., = ——FC% _p.hp.. » (3.11)
T By T T 3

Where:
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FCTi = fixed cost of tractor charged to implement 1, $/yr.

3.2 Variable Costs

Costs of operation are termed variable costs and are related to
use. For this work, variable costs will be considered to be directly
related to the units of machine use., Variable costs include the costs
of fuel and oil, labor, repair and maintenance, and timeliness.

Fuel costs are directly related to fuel consumption. Fuel con-
sumption and consequently, fuel costs may be considered to have no effect
on the optimum width of an implement for light draft implements (6).
However, for implements such as heavy offset disks, subsoilers, chisels,
plows, etc., fuel costs may be a large cost depending on soil and/or crop
conditions and tillage depth or implement performance rate. Therefore,
in order to develop a more general annual cost equation for both light
and heavy draft equipment fuel consumption equations used in the selection
program developed by Hunt will be used (7). Tractor fuel efficiency
for operation j involving implement 1 depends on the equivalent power
take-off horsepower required, the available tractor horsepower, and
several constants. Accordingly, a general expression for the equivalent
power take-off horsepower will be given here for implement i used in

operation j.

HHT, ...Y.5 .w.e, S.w,ff ...
Tij " § j 177 47Ty (3.12)

(hppro equiv] Ti 8.25 360TER , ;

[

Where:
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(hpPTO equiv) = equivalent PTO hp required of the tractor to

Tij .
power implement i in operation j;
HHTTij = tractor power take-off energy required by imple-
x . hp-hr
ment i in operation j, 3
ton
Yj = crop yield, tons/acre;
Sj = ground speed of machine in operation j, mph;
w, = theoretical width of implement i, ft;
ej = field efficiency for operation j;
ffTij = force factor for tractor powered implement 1

in operation j, lbs/ft;

TERTij tractive efficiency ratlo for tractor powering

implement 1 in operation j.

Now the tractor fuel efficiency, FE in gallons per horsepower hour

i A
for operation j involving implement i may be calculated from the following

equation:

(bPpog equiv]

_ Tii _
i~ F1,1 by €,
(hp ) o
PTO equi T4 4 2
F (F + F ] ” (3.13)
3,55\ 4y fy Rby 3

Where:
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FETij = fuel efficiency for tractor powering implement i
; ; " al
in operation j, Eﬁ:g;;
hpT = available tractor horsepower, PTO hp;
Fc £ are constants depending on the tractor fuel type, fT;
: ]
T

fT = l-gasoline, 2-diesel, 3~LP gas. See Table 3.3.

Equation 3.13 was developed by Hunt from the average variable-load fuel

efficiency of tractors tested in the Nebraska Tractor Tests (7).

TABLE 3.3
Constants Used in Fuel Efficiency Equations for Tractors and Implement

Auxiliary Engines

Constants
Fuel Type, £ | Fl,f F2,f F3,f Fé,f F5,f
l-gasoline 0.540 0.620 0.04 697.0 0.0
2-diesel 0.520 0.768 0.04 738.5 173.0
3-LP gas 0.534 0.618 0.04 645.9 0.0

Source: Donnell Hunt's Machinery Selection Program (7).

The use of the values from Table 3.3 is demonstrated by the following
example. For a diesel tractor, Equation 3.13 would appear as follows

with the appropriate values from Table 3.3.
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(hpPTO equiv)

FE_.. = 0.52 =28 ¢ 5.568 =
Tij hpT

1
(BPpro equiv) 2
hp

Ti]

0.04[738.5 + 1?3.0]

T

The number of gallons of fuel consumed is determined by multi-
plying the fuel efficiency by the energy required, and the costrof fuel
would simply be the produet of the gallons consumed and the cost per
gallon of fuel. The total cost of tractor fuel to power implement i,

FUELi, would be determined by the following equation:

m
FUEL,. = .E (3.14)

FE, .. .E....D. »
4 Tij Tij fT

1
Where:

FUELTi = annual cost of tractor fuel used to power implement

i, $/yr;

FETij = fuel efficiency for tractor powering implement 1 in

: 1
operation j, Eﬁ%ﬁ;;

ETij = tractor energy required to.power implement 1 in
hp-h

operation j, ”B§§£;

Py = unit cost of tractor fuel type fT, $/gal.



Many times an implement will require an additional amount of power.
This may occur when tractor power would be a limiting constraint on the
width of an implement such as a roto tiller or high capacity forage
choppér, or it may be needed to better control the performance of an
implement such as a baler. When this is so, an auxiliary engine is
used to power a certain part of the machine's operation. Therefore,
implement fuel costs must also include the costs of fuel needed to
operate any auxiliary engine which an implement may have.

Fuel efficiency for an auxiliary engine, FE » used to power

AL
implement i in operation j can be determined by using an equation of the

same form as Equation 3.13,

(hpPTO_equiv)Aij

32

FE,.., =F + F -
&3 1sfpg Bpyy 2584
1
[hpPTO equl.’.;r)},“_:L 2
fe e, ) e
3,fAi 4,fA hpAl S’fAl
Where:
FEAij = fuel efficiency for implement i's auxiliary engine
4 . gal |
in operation j, hp-hr’
. . . e |
(hpPTO equivJAij= equivalent PTO hp required of implement i's

auxiliary engine in operation jj



hp,., = available horsepower of implement i's auxiliary

Al
engine, PTO hp;
Fc £ are constants depending on the auxiliary engine
TAL
fuel type, fAi; fAi = l-gasoline, 2-diesel,

3-LP gas. See Table 3.3.
The equivalent power take-off horsepower required of the auxiliary

engine is determined from Equation 3.16.

HHT .. Y.S.w.e,. ) wiff

Adj jiij,_Jd Alj

(bpprg equiv) = 8.25 360TER, . ° Selih)
- Alj
Aij
Where:

HHTAij = auxiliary power take-off energy required

by implement i in operation j, ——
ffAij = force factor for power supplied by implement

i's auxiliary engine in operation j, 1lbs/ft;

TERAij = tractive efficiency ratio for auxiliary

engine powering implement i in operation j.

The total cost of auxiliary engine fuel for implement i, FUELAi’

is given by

i (3.17)
Ai

m
FUEL 4 321 FEp15Pa1 5P¢

Where:

FUEL

Ai annual cost of fuel used by implement i's

auxiliary engine, $/yr;
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FEAij = fuel efficiency for implement i's auxiliary engine in

operation j, E§§%;;

EAij = auxiliary energy needed to power implement i in

operation j, 22555;

Pg = unit cost of type £ auxiliary engine fuel, $/gal.

o Al
0il costs may also be considered to have no effect on the optimum
width of an implement. This is probably a safe assumption since oil
consumption is not too great unless the tractor or engine is in dire
need of an overhaul. However, the equations useﬁ in Hunt's selection
program will also be used in developing a new implement annual cost

equation. The oil consumption equation for implement i and operation

j has the following form:

OCTij = Ol,f hpT + Oz,f . (3.18)
T T
Where:
OCTij = rate of tractor oil consumption for operation j using
implement i, gal/hr;
hpT = available tractor horsepower, PTO hp;
0C g are constants which depend on the tractor fuel type, fT;
L
T
fT = l-gasoline, 2-diesel, 3-1LP gas. See Table 3.4,

Equation 3.18 was developed by Hunt from information regarding engine

o0il capacities and recommended oil change frequencies (7).



TABLE 3.4
Constants Used in 0il Consumption Equations for Tractors and Implement

Auxiliary Engines

Constants
Fuel TzEe!f Ol,f 02,f
l-gasoline 0.00011 0.00657
2-diesel 0.00021 0.00573
3-LP gas 0.00008 0.00750

Source: Donnell Hunt's Machinery Selection Program (7).

For a diesel tractor, Equation 3.18, with the appropriate values

from Table 3.4, would appear as follows:

OCTij = 0.00021hpT_+ 0.00573.

In order to calculate the cost of 0il used it is necessary to
determine the number of hours worked in operation j with implement i.

This is obtained from Equation 2.11. Rewriting it, using subscripts,

the hours of use for implement i in operation j, Hij’ would be
8'25Ai'
B3 " Swe, (3.19)
1]

Where:

35
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Hij = annual hours worked with implement i in operatiom j,
hr/yr;
Aij = acres covered by implement i in operation j, acres/yr;
Sj = ground speed of implement in operation j, mphj;
w, = theoretical width of implement i, ft;
ej = field efficiency for operation j.

The total cost of tractor oil consumed while powering implement i,

OILTi’ is determined by the following equation:

m
01 = ] H,,0C. .o,
LTi 429 ij Tij fT
? 8.25Ai.
= 0C,....0 . (3.20)
q=1 lee Tij fT
Where:
OILj; = annual cost of tractor oil used with implement i, $/yr;
OCTij = rate of tractor oil consumed in operation j using
implement 1, gal/hr;
o0, = unit cost of tractor oil depending on fuel type
T

fT’ 8/gal.

As with fuel costs, oil costs of any auxiliary power units must
also be considered. The oil consumption rate of an auxiliary engine

is given by the following equation:



oc,.. =20 h + 0 8 3.21
ALy T CLLf,, PAi 2,8, (3:21)
Where:
OCAij = o0il consumption rate for auxiliary engine on implement

i for operation j, gal/hr;

hpAi = available horsepower of implement i's auxiliary engine,

PTO hp;
0c g are constants which depend on the fuel type of implement
*TAL
i's engine, fAi; fAi = l-gasoline, 2-diesel, 3-LP gas.

See Table 3.4.
The cost of o0il consumed by an auxiliary engine on implement 1,

OILAi’ is calculated with the following equation:

oL, = T ot oc,. .o (3.22)
Ai =1 Sjwiej Alj fAi ) ’
Where:

OILAi = annual cost of engine oil consumed by implement i's
auxiliary engine, $/yr;

OCAij = rate of oil consumed by implement i's auxiliary
engine in operation j, gal/hr;

ofAi = unit cost of auxiliary engine oil for implement i

depending on fuel type, fAi’ $/gal.

Labor costs are variable. For hired labor, labor costs are a

product of the hours worked and the hourly rate. However, no definite
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-method for determining labor costs for owner-operators exists although,

several methods have been suggested by Hunt (6). The Agricultural

Engineers Yearbook suggests that for neither the owner-operator nor

the hired labor should the labor rate be less than a typical, community
labor rate (4). In any case the cost of labor would be the product of
the hours worked times the hourly rate.

The total hours of use for implement i, Hi’ would be the sum of
the hours used in each operation where implement i is used. With the

use of Equation 3.19 the total hours of use would be

m
H, = ] H, .,
i =1 ij
m 8.254, . :
= § —3. (3.23)
Lo Bw.e,
j=1"317]
Where:
H. = annual hours of use for implement i, hr/yr.

The cost of labor for implement i, Li’ would then be

L, = H,1, s
1 11
m 8.25A, .1, ;
& ST i (3.24)
=1 %3¥1%

Where:
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L,
i

annual cost of labor for implement i, §/vr;

L.
i

labor rate for the operator of implement 1, $/hr.

The cost of tractor labor, L incurred by implement i must also

Ti’

be considered and may be obtained from the following formula:

Ly = Bylps
m 8.25Ai.LT
=l s (3.25)
=1 "37i7]
Where:
LTi = annual cost of tractor labor charged to implement i, $/yr;
1, = labor rate for the tractor operator, $/hr.

Repair and maintenance costs are the result of keeping a machine

operable, and are computed as a decimal quantity of the purchase price
per hour of use. RMi, the repair and maintenance cost for implement i,

- having a; attachments, is given by

a
i m
RM; = Hymmgpow, + ] ] Hgoomopw
k=1 j=1
m 8,254 Tmpw, ;i ? 8.254 , .
= + —_—d Dy oW, . (3.26)
j=1 Sjwiej k=1 j=1 Sjwiej rmkl ki“i

Where:



Pry

annual repair and maintenance cost of implement i, $/yr;

repalr and maintenance cost factor for implement i,
decimal/hr;

purchase price of implement i, $/ft;
theoretical width of implement i, ft;

acres covered by the kth attachment of implement i in
operation j, acres/yr;

repair and maintenance cost factor for attachment k of
implement i, decimal/hr;

purchase price of attachment k of implement 1, $/ft.

The repair and maintenance cost of the tractor charged to im-

plement i, RMTi, is expressed in a similar equation.

Ry

Where:

m 8.25AijrmTpThpT

1
1 %318

annual tractor repair and maintenance cost charged to
implement i, $/yr;

repair and maintenance cost factor for tractor,
decimallhf;

purchase price of tractor, $/PTO hp;

maximum PTO hp of tractor.

40

. (3.27)



The repair and maintenance cost factors, rm, and rmp, are cur-

rently developed from data published in the Agricultural Engineers

Yearbook. For tractors and many implements, the yearbook gives the
estimated wear out life in hours and the total repairs duriﬁg the wear
out life as a percent of the list price. For example, the 1971 year-
book gives the estimated wear out 1life of a two wheel drive tractor as
12,000 hours, and the total repairs during the wear out life as 120%
of the list price. Therefore, the annual repair and maintenance cost
of the tractor charged to implement i, RM_., can beldetermined by the

11

“following equation:

L]

H;rmppohpy

iy

1,20 .
i-12,000 PT'Pr °

0.0001H,php,, -

Timeliness is a measure of ability to perform a job at é time
that gives optimum quality and quantity of product. The inability of
an implement to complete an operation within a certain period of time
may be an important cost to the farm machine system. A péper presented
at the 1972 Winter Meeting of the American Society of Agricultural
Engineers was concerned with timeliness costs. In the paper entitled

Estimating Farm Machinery Costs, on page 11, the author, Walter W. Hinz

made the following statement concerning timeliness costs (5).

41
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When we loock at the magnitude of the costs that
can be encountered when operations are not timely, the
errors in estimating fixed and variable costs seem less
important. All costs are important. However, we are
convinced that it is essential for timeliness costs to
be included in our cost estimating procedures.

A method used by Hunt to determine the cost of timeliness charges
an implement a certain monetary value for every hour that is spent
completing an operation (6). For a given operation and type of imple-
ment a low capacity machine will be charged a greater amount for time-
liness than will a higher capacity machine. This method assumes that
there is an optimum time for an cperation to take place and that this
optimum time falls somewhere within the start and finish of an operation

(6). See Figure 3.2,

Figure 3.2. Graphic illustration of timeliness costs.

optimum start

and completion

Crop value, $

e o o e ——— — — — — —

Time
operation start operation complete
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A table of timeliness factors has been developed which will be
used in this work (6). By using the timeliness factors given in
Table 3.5, timeliness costs charged to implement i for operation j,

IC depends on the number of hours required to do the job, the gross

13°

value of the product involved, and the particular timeliness factor

from Table j.S.

TC

- H, ., K.A. .YV,
1] 1] 111113

8.25A. .
= ——>=LlRK A YV, . (3.28)

S.w.e, Jij i j
"1 J 131 3 3]

Where:
TC,. = timeliness cost charged to implement i for
operation j, $/yr;
K, = timeliness factor from Table 3.5 for operation j,
decimgl/hr;
Y, 6 = yield of crop involved in operation j, bushels, tons,
etc., per acre;
V. = monetary value of crop inveolved in operation j, dollars

per bushel, ton, etc.

To illustrate, if a tillage operation was performed in 8 hours
on 40 acres to be planted to wheat yielding 15 bushels per acre and
worth $1.35 per bushel, the timeliness cost, TC, for whatever tillage

tool used would be



A

TC = HKAYV,
= 8,0 x 0.00005 x 40.0 x 15.0 x 1.35,
= $0.32.
TABLE 3.5

Table of Timeliness Factors, K, for Various Field Operations

FIELD OPERATION K, 1/HR
Seeding 0.00030
Tillage 0.00005
Cultivation 0.00020
Grain harvesting 0.00030
.Hay harvesting 0.00050
Green forage harvesting 0.00010

Source: Hunt, D., Farm Power and Machinery Management, Iowa State
University Press, Ames, Iowa, (4th ed.), 1964, p. 209.

The total cost of timeliness for implement i, TIMEi, would be

the sum of the timeliness costs charged for each operation.

m
TIME, = )} TC.. 4

(3.29)

1l
b2

Where:
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TIME; = annual cost of timeliness charged to implement i, $/yr.

3.3 More on Tractor and Timeliness Costs

The foregoing development of expressions for each of the areas of
cost for a farm implement is adequate when there is one implement and
tractor per field operation. However, an occasion may arise where there
is more than one implement per field operation. For example, a planting
operation is usually preceded by an operation which prepares a seed
bed. Many times the implement which prepares the seed bed and the
implement used for planting will be hooked together so that in one pass
a tillage operation and planting is accomplished. When this situation
occurs, one implement is used in combination with another. For such
combination operations energy and horsepower requirements must include
requirements of all implements involved. For this work, it will be as-
sumed that there will be at most two implements in combination with
each other. Now, the total tractor energy needed for operation j,

ETicj’ would be determined by

Erics = Brig * By (3.30)

Where:
hp-
E,.. , = total tractor energy needed for operation j, ~R~E£;
Ticj yr
E = total tractor energy needed to power implement i for

Tij

operation j, EE?%E;
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Ech = total tractor energy needed to power combination
- , . hp-hr
implement ¢ for operation j, ol
Ech can be calculated from an equation of the same form as

Equation 3.6.

HHT & A .Y, 8.25A ff
= - Tej cj j cj Tej . (3.31)
Tcj (AL)T 3603j(&’L)TTERch
Where:
I-IHTch = tractor PTO energy needed to power combination
implement ¢ for operation j, ER?%E;
ch = acres covered by combination implement c in operation
j, acres/yr;
= Aij’ since implement i and combination implement c
cover the same number of acres in operation i;
fchj = force factor for tractor powered combination implement

¢ for operation j, lbs/ft;

]

tractive efficiency ratio for tractor powering combi-

TERch

nation implement c in operation j.

So, Equation 3.30 expanded and simplified would have the following form:

L
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E _ (HHTTij + HHTTqu Ainj_+
Ticj (%L)
8,254, ££.,.  ff .
ij ( Tij + Tcl}. (3.32)
360 (41) (TER .~ TER .

The PTO equivalent horsepower required by the tractor to power
the combination implement is expressed by an equation of the same form

as Equation 3.12.

HHT Y, S.w e, S.w ff._, .
Tei 1 1 ¢ 3 4+ < Ted

(BPp10 equiv)_ 8.25 “360TER., ,
Tcj RT‘-‘-J

(3.33)

Where:

[hpPTO equiv) = equivalent PTO hp required of the tractor to
Tc

power combination implement ¢ in operation j;

W

s theoretical width of combination implement ¢, ft.

For all practical purposes, the width of both implements in a combination
operation would be the same. So that, LA and w_ are equal. Therefore,
the tractor horsepower required in operation j would be calculated as

follows:

+ (bppy, equiv] ' (3.34)

(hpPTO equivJ Tej

[hpPTO equiv)Ticj oy

Equation 3.34 expanded and simplified;
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HHT .., + HHT_, .| Y.5 w

[hp ) - [ Tij Tcg) jii j.+

PTO equiv Ticj 8.25
Sjwi (ffTij . fchj ] o
360 TERTij TERch
Where:
[hpPT0 equiv)T, o= equivalent PTO hp required of the tractor in
icj

operation j to power implement i and combi-
nation implement c.

Tractor costs incurred in each operation must now be divided among
the implements used in that operation. Tractor fixed costs and fuel
costs will still be prorated on the basis of energy requirements.
Therefore, Equation 3.11 still holds for dividing fixed costs. However,
in the fuel efficiency equation for tractors, Equation 3.13, PTO

equivalent horsepower must be determined from Equation 3.35.

[hpPTO equiv)Ticj
= + F

hpT

2,f,

1
2

Tici | 7 i (3.36)
5k

(hpPTO equiv]
hp

3¢ (FA,f

T T T

Where:
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= fuel efficiency for tractor powering implements in

FETiCJ

gal

combination operation j, Bp-he

The. cost of fuel charged to Implement i can still be determined by an

equation similar to Equation 3.14.

m
= ) FE.. E_..p. . (3.37)
g1 ,Tle Tij fT
The other areas of tractor cost will simply be divided equally

among the implements involved. Letting the sum of the remaining tractor

variable costs charged to implement i be denoted by COSTTi’ we have

? 8.25Ai. [ : )

COST,.., = 0 hp,, + 0 o, + php, + 1.1 .

Ti j=1 Sjwieij l,fT T 2,fT fT I"T T T
(3.38)

Where:

COSTTi = tractor costs charged to implement i regarding oil,

repair and maintenance, and labor;
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=
L]

number of different implements in operation j,

l if operation j is not a combination operation,

2 if operation j is a combination operation.

Timeliness costs must also be shared by the implements in a field

operation. The same method as used to determine COST,,, will be used.

Ti
That is,
? 8.25Ai. ( ]
TIME, = —3 (KA, .Y.V.) . _ (3.39)
i j=1 Sjwieij 3713733

At this point it should also be mentioned that in a given
operation it is possible tc have more than one implement unit or
tractor, For example, in the first tillage operation of the season
when power requirements are great there may be two tractors, each pulling
one unit of a given implement. In a later tillage operation, as long
as the power requirements of the implements do not exceed the capacity
of the tractor, these same two units may be hitched behind a single
tractor. It is necessary to take this into consideration in the annual
operating cost of the implement. For this work the only area affected

will be the labor costs. Now, the cost of implement labor is given by:
m
- ij7i71
L, = ] —e—hms (3.40)

Where:
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labor rate for each unit of implement i, $/hr;

=
]

I

i number of units of implement 1.

The cost of tractor labor charged to implement i is now determined

from
? B.ZSAi.lTT
) & = —-——J—i . (3 41)
T4 Sw.enN, )
=1 "11737]
Where:
1p = labor rate for each tractor, $/hr;
Tj = number of tractor units in operation j.

3.4 Annual Cost Equation

The total annual cost equation for implement i can now be given

by making use of all of the preceding information. In order to present

the equation in a simplified form let ZT' be defined as follows:

icj

[hpPTO equivJ

_ Ticy |
Zpges = W , (3.42)
(mrp + BET, JY.Siel o pp g
- , + = ( i) , _Tei |t | (3.43)
8.25 360 (TeRy;; & TER,

And let;
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(hpPTO equiv]Aii

Brif ~ v ,

HHT, . .Y .S.e, S ff,_,
= — AL J 33, ] Adj

8.25 360TERAij

(3.44)

Then the expression for the annual operating cost of implement i,

ACi, is as follows:

a,

A
+ ) FCh RVt

AC:.L = FC%ipiw
k=1

i

Bry
I pey o hp. +
Epop | CTPTPT T

'ZTi W,
F ] 2 4 F - F
l,fT hpT 2,



0 hp,, + 0 o + 1, I, + rm p.w.] +
[[ l,fAi Al z’fAi fAi i7i s f:

zi % 8.25Aki. ? 8.25Ai
W Py W, +
k=1 j=1 Sjwiej rmkl ki'i 421 Sjwieij

[[Ol,fThpT + Oz’fT} ofT + lTTj + rmTpThpT +

K.A..Y.V,] .
J 1331
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(3.45)
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CHAPTER 4
METHOD OF OPTIMIZATION

" Now that an expression for the annual cost of a farm implement
has been developed, 1t is necessary to find the tractor horsepower level
and wi's whicﬁ minimize the total annual cost of the farm machine system.
Although several methods are no doubt available which can be used to
solve for the values of hpT and wi's which minimize the total annual
cost, calculus and two search techniques were the optimization methods

chosen.

4,1 Implement Width

For a given hpT’ w, must be found which minimizes ACi. If dif-
fereﬁtial calculus is used as Hunt did, the fdllowing calculations
result,

dAC,
i

dw,
i

a,

i ? ZTic'
= ¥C%Z.p, + , FC% .p . + [F —=l _F
ivi kel kiki =1 l,fT hpT 3,fT
21
1 picy . Zpsej
(ENAf - 1+F5f] ](Faf h ]ETi_jpf
vhy Mg g S T
m  8.25A, m  8.25A
= L5, [02 £, 1111] -5 I sew
wy 3=1 33 TTAL wei=l 3373



0, . hp.+ 0 ] o, + 1T, +
([ LE, T C2,f0) Of, T

55

rmTpThpT + KinijVj] . (4.01)

- It should be noted that since,

8.25 + —3%0

hpy; = (L), :

HHTAinijejwi Sjwi (ffAij 1

the fuel terms and one oil term for auxiliary engines drop out of the

first derivative. Let:

a

i
C, = FC%;p, + 1 FCA P .»
k=1 ,

m Lo
c. = Z T Ticj ,

m B8.25A,
Cy= ! '_§_“'£i (02 £, %, F liTi] .

=1 "i%j *TAL AL

m 8'25Ai'
c, = } ([0 hp,, + 0 ] o, + 1T +

G R Sye Ny 1,£p T 2,£,) o T
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‘Then:
1
Z_...w 32
17 Tif'i
0=c+c——-Z[[F [F —L =4 F }}
1
7 2 2 j=1 3,fT 4,fT hp, 5’fT
. Z c C
- "Tie 3 4
F, . —=Slp o ]—————-—. (4.02)
4’fT hpT Tij fT w% w?
i i
Multiplying both sides of Equation 4.02 by wi:
w2 m ' Z
0=cuw’+cu’ -—= 7 [F [F “riel™i |
17: 271 2 21 3,fT 4,fT hp,
_E
2 (Zpg.s '
ic
F I [ .D ]] c,-C (4.03)
5,fT hpT 4,fT Tij fT 3 4

As can be seen, it 1is no longer a simple matter to solve for Wy Another
method that might be used is to find the roots of Equation 4.02 with a
search technique, or a search technique might just as well be used on

the annual cost equation to find that value of Wy which minimizes it.
This latter method of solution waé the method chosen. The search tech-

nique used is the Fibonacci search (3, 14).

4,2 Tractor Horsepower

Before any optimization of Equation 3.45 can occur a horsepower
level of the tractor must be given, since an optimum vy is found for a

given hpT. In order to reduce the computational effort in determining



57

each of the optimum wi's it is necessary to have a good estimate of the
optimum horsepower level at the outset. With Hunt's original program
an estimate of the optimum horsepower level was determined by the pro-
grammer. A search, based on equal increments of horsepower levels above
and below the original estimate, was then used to locate the optimum

hp Since a programmer would need quite a background of knowledge to

T
consistently estimate a horsepower level which would be close to the
optimum solution, an improvement could be made by developing a calcu-
lational method to estimate the initial horsepower level.

The total cost of the farm machine system is the sum of the annual

costs of all implements;

ol

TAC = J AC, . (4.04)
N 1
i=1

So, an estimate of the optimum tractor horsepower could be obtained by
using differential calculus if TAC was expressed as a function of hpT.
With the use of Equation 2.10 and Equation 3.42, the tractor horsepower

required to power implement i and combination implement c¢ for operation

j is:
[hpPTO equiv}Ticj
hpT = (ZL) ] (4- 05)
T
2 .. W,
= Tiecj 1 {4.06)

Gty

Solving for W,



hpT(%L)T
w = e E——— e

;= . (4.07)

ZTicj
For a given horsepower level, the maximum W that can be powered by

hp,, in all operations in which implement i is used is where the

T

denominator has its largest value. That is,

hp (L)
v, = e . (4.08)
i,max Z.., ,
Ticj,max

Remembering that

HHT,.L.5.Y.e. Sw, (ff, ..

SRS I e + 1 (i

8,25 360 |TER,..

hp,. = Al
Pai Gy, ’

the annual cost equation can be rewritten with'wi replaced by the
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expression for w, - . Let this annual cost be denoted by AC,'. Then,
i,max i
n
TAC = ] ac,' (4.09)
i=1

and the derivative of TAC with respect to hpT would be as follows:

n
d[ ¥ AC.']
d(Tac) _ _Y4=1 7

.10
dhp,, dhp,, ¥ (42.10)
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n d[ACi']
i S (4.11)
=1 dhPp
2 (L) i (%L)
= FCZ.p. + FC%. .p +
=1 | Pl Zpggmax k=1 X KR Zpgoyomax
ETi . 1 v % 25A13 Ticj,max (0 o + 11 1 _
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Noting that
n
Bpo = 1 Epy
i=1
and solving for hpT:
0 1T 4K A, Y Vs 1
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The first éstimate of tractor horsepower can be obtained from
Equation 4.13. The next step in finding the optimum solutions for hpT
and Wy is to bracket hpT. That is, find two valﬁes of hpT so that the
optimum horsepower lies between them. Once the optimum hpT is bracketed,
the Fibonacecl search can also be used to determine the value of the

optimum hp,.. A Hooke and Jeeves pattern search will be used to bracket
T

hpT (9).

4.3 Computer Program

A computer program is used to perform the calculations which have
been presented. The present program has grown from a machinery selection
program obtained from Hunt (7). Hunt's program has been revised and
expanded so that implement costs are based on Equation 3.45. The program
also optimizes self-propelled implements by minimizing Equation 3.45.
However, hpT is replaced by tﬁe horsepower of the self-propelled imple-
ment's engine. The program, written in FORTRAN IV, consists of a main
program and 17 user written subroutines. Figure 4.1 shows the lines of
communication between MAIN and the subroutines. For a description of
MAIN and each of the subroutines see the source listing in Appendix VI.

Input data for all of the variables used in Equation 3.45, except

for the variables which are solved for, that is, hpT and implement w,'s,

i
are required by the program. Appendix I contains a list of input vari-

ables along with a brief description of each. Suggested sources to ob-

tain input data for a farm machine system are the following:
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Figure 4.1, Flow chart indicating communication lines amoung subroutines.
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1) farm machinery manager,
2) implement dealers and valuation guides (11),

3) Agricultural Engineers Yearbook (4), and

4) extension publications (12).
Appendix I also contains a set of data sheets used to record tﬁe in-
formation which describes a farm machine system to be analyzed. Farm
machine systems having 50 implements and 50 field operations can be
optimized by the program, Information for 50 processing and 50 trans-
portation operations is also accepted by the program. This capacity is
somewhat greater than the capacity of the program obtained from Hunt.
With the original program, a farm machine system was limited to 25 imple;
ments, 25 field operations, 10 processing operations, and 10 transpor-
tation operations.

Several data cards which contain informatiﬁn regarding inpu£ data
codes and tractor drawbar performance predictor values must precede any
farm machine systeém data. Tractor drawbar information is presently

obtained from curves presented in the Agricultural Engineers Yearbook.

Information represented by the curves concerns ground surface conditions -
and the method of implement attachment. Curves are given for concrete,
firm, tilled, and soft soil conditions and for mounted, semi-mounted,

or towed equipment. The information used in the program is based on the
optimum points of the curves. For instan;e, the optimum value for

TERTij on firm soil is approximately 0.791. Additional information ob-
tained from these curves is that a 9.3% travel reduction can be expected

and that for a towed implement the tractor can be expected to pull
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0.4 pounds at the drawbar for each pound of rear wheel tractor weight
(4). Information from the curve for concrete is not used in the program.
See Appendix II,

" Based on two example farm systems analyzed with.the program, it
appears that the greatest difficulty in preparing input data is in de-
termiqing the input values for force factors, energy requirements, field
efficiencies, timeliness factors, and ground speeds. Unless it is known
otherwise, perhaps the safest approach is to take somewhat of a pessi-
mistic view when using published information such as that given in the

Agricultural Engineers Yearbook. For the most part, this was done for

the examples analyzed by using the largest given force factors and energy
requirements, and the smallest field efficiencies and ground speeds.,
General information for the farm s&stems analyzed along with an example
of .coded data sheets can be found in Appendix III.

An indication of Hunt's timeliness factors being unsatisfactory
occurs when the resulting‘hours of operation are greater than desired
by the machinery manager. If this is the case, the timeliness factor
for that particular opération could be increased until the hours of
operation are reduced to a desirable value. Further, by effective use of
the timeliness factors the operation hours could be forced to values.
which would allow for operations to occur according to some predetermined
schedule. In this way the capacity of the equipment selected would be
sufficient to perform the needed operations in whatever number of good
working days are available. Equipment selection on this basis is

suggested by Constien (2).
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A variable which may present some misunderstandinglis Wy It
should be remembered that

w, = theoretical width of implement i, ft.

For some implements there may be some difficulty in understanding what
LA should be. TFor instance, a baler may actually have a pickup width

of approximately 4 feet. However, in the field the baler may be picking
up a windrow collected over a width of 12 feet. So W, as far as the
program calculations are concerned is 12 feet. This is the reason for
setting WMAX equal to 10 feet for the baler in operations 15 and 18 in
Example Farm No. 1. See data sheets in Appendix II1 and computer print-
cut listing in Appendix IV.

For reliable results combination implement identification numbers
should be assigned according to their draft and/or energy requirements.
That is, the implement with the greatest power requirement should have
the lowest identification number while the implement with the lower power
requirement should have the larger number. For instance, in Example
Farm No. 2, Appekdix IV, the undercutter requires 500 pounds per foot
while the treader requires 100 pounds per foot in operations 7, 8, 33,
and 34, Hence, it is correct to identify the undercutter and treader
with identification numbers 10 and 11 respectively. TFailure to observe
this procedure may result in an optimum width which may require more
tractor horsepower than what is available. Incorrect width selection
will be indicated in the information recorded on the computer printout

for each horsepower level. For no operation should the required horse-

power exceed the amount available.
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It should also be noted that the purchase prices for tractor horse-
power and implement width, Py and Py respectively, are usually not
constant over the range of sizes available. While purchase prices af-
fect fixed cost and repair and maintenance cost calculations, it is
not known at this point how sensitive the optimum solutions are to
purchase prices. However, it is felt that the greatest errors would
occur for tractors or implements when fixed costs and/or repair and
maintenance costs are a major portion of the annual cost. If an optimum
solution corresponds to a purchase price which is quite different from
the purchase price used in obtaining the solution, the purchase price
should be a&justed to correspond ﬁo the solution obtained and another
analysis made with the new price.

- Qutput information for each horsepower level tested by the program

ineludes six pages of information. Sheet I gives the trial horsepower
level of the tractor, the resulting annual operation costs, dollars
invested in equipment,rand the number of hours of work required to ac-
complish all field operations in the system. Information regarding optimum
implement sizes, power.levels for self-propelled implements and auxiliary
engines, and purchase prices for all implements is also given. The amount
of investment is the sum of implement purchase prices and the tractor
purchase price.

Sheet I1 contains a breakdown of the system annual costs by imple-
ment. The annual cost of each implement is broken down into the areas
of interest, i.e. fixed costs, and labor, fuel and oil, repair and

maintenance, and timeliness costs. It should be noted that the total
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cost of operation given on this sheet does not necessarily equal the
system annual cost given on Sheét L since customrcoéts are not given
here.

General information regarding individual field operations is given
on Sheet III. Information for each field operation includes the number
of tractors ¥equired, the annual cost of operation, custom costs for
operations performed by custom operators, combination implement widths
and number of combination.implements required for combination. operations,
and the number of hours of work required.

Sheet IV presents a breakdown of the system annual cost by operation.
The annuval cost of operation for each field operation is broken down into
the areas of interest, i.e. fixed costs, labor, fuel and oil, etc. In
addition, custom costs are presented for any operations which are per-
formed by a custom operator. It should be noted that for customroper—
ations a timeliness cost is also célculated béSed on an implement width
equal to WMAX deseribed in the input wvariable list given in Appendix I.

. Sheet V presents fuel and o0il consumption information for each
field operation., Information is given for'gractors, self-propelled
implements, and auxiliary engines. Consumption rates as well as amounts
consumed annually for each operation are given.

Information concerning tractor drawbar performance for each operation
that requires tractor power is given on Sheet VI. This information in-
dicates the loading of the tractor and also the amount of tractor weight
required to perform each field operation satisfactorily. Total tractor
weight is based on the typical tractor weight distribution of rear weight

being approximately 75% of the total weight (4).
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Results of the computer analysis for the two examples are presented
in Appendix V. According to the program, the optimum tractor horsepower
for Example Farm No. 1 and Farm No. 2 is 36.4 and 64.4 horsepower.re—
spectively. A plot of the observed system annual costs as related to
tractor horsgpower can be found in Figure 4.2, An execution time of
0.047 hrs. was required to reach both optimum solutions on the IBM 360
compuger. |

Since only two curves are available at this time no specific con-
clusion can be made concerning the shape of such curves., Plots of
results from the analyses of other data may be quite different. However,
an observation that can be made from the plot of Example Farm No. 2 is
that the system annual cost as a function of tractor horsepower is not
smooth and may have multiple local minima. At least this is indicated
near the optimum solution. Therefore, it may be unwise to continue to
use the Fibonacci method to locate the optimum solution. However, if
errors are made with Fibonacci's method, as long as they occur near the
"true" optimum solution, no errors of any consequence will be made in
terms of dollars if the slope of the curve above and below the optimum
horsepower is not steep. Perhaps the optimum solution could just as
well be found by reducing the number of horsepower levels tested near
the optimum solution, making a plot of horsepower versus system annual
costs, and selecting a feasible horsepower level near the lowest point
in the curve,

In order to test the validity of the optimization method presented

in this work and the calculations made by the program, a comparison is



Figure 4.2. Observed horsepower versus system annual cost.
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made between data presented in a letter to Kansas Farm Management
Association # 2 and resulting optimum solutions for the two examples.
In the letter dated May 26, 1971, the Cooperative Extension Service

of Kansas State University reported that the remaining investment as
of January 1, 1970 for farms averaging 285 crop acres was $39.42 per
acre (10). 1In order to make a meaningful comparison, assume that the
reported investment represents an average investment, that is, that
the amount will not vary greatly from year to year. Practically
speaking, this is poséible since a farm will usually have new and
partially depreciated equipment at the start of a new year. Rarely
would one find a farm machine system in which all of the equipment was
purchased in the same year. So, assuming that the average investment
for a farm operating with equipment suggested by the program is 50% of
the calculated investment, the average investment per crop acre for

Example Farm No. 1, Il’ would be;

I

1 (0.5)($16,394,.50)/180 crop acres,

$45.54/acre.
Similarly, for Example Farm No. 2;

I

9 (0.5)($20,109.05) /391 crop acres,

$25.74/acre.
Considering machinery costs for the example farms to be the
system annual cost less any labor, timeliness, and custom costs,

machinery costs per acre for Example Farm No. 1, MCl, would be;

MC

1 ($5,307.64 - $2,560.38)/180 crop acres,

]

$15.26/acre.

69
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And,

MC

($8,049.48 - $3,419.45)/391 crop acres,

$11.84/acre.

This information is summarized in Table 4.1.

TABLE 4.1

Comparison of Farm Management Information and Optimum Solutions

Data Sources

Example Farms

Compared Data Farm Management® No. 1 No. 2
Crop acres 0 - 400, 285 average 180 391
Per acre

investment $39. 42 $45.54 $25.74
machinery cost $20.04 $15.26 $11.84

*Source: Kepley, L.R., Frederick, H., and Collins, B.D., '"Machinery
Investments", letter to Kansas Farm Management Association # 2, Cooper-
ative Extension Service of Kansas State University, May 26, 1971.

According to the information presented in Table 4.1, the program
appears to select equipment and_calculate costs which are reasonable.
However, making any conclusion concerning the validity of the program
may be premature at this point. A conclusion should not be made before
several analyses of existing farm machine systems are made. Should any
major discrepancies exist, reason or reasons should be found and ap-

propriate corrective measures taken if necessary. This would be an
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adequate validation procedure and is recommended before the program is
used for production purposes.

Future use of the progrém once it has been wvalidated could be
made by any organization which is in need of economic analyses of farm
machine systems. Organizations such as lending agencies, farm equipment
distributors or manufacturers, extension programs, etc. could use the
program to provide information which would aid farmers in the decision
making involved with the purchasing of equipment, Of course no farmer
is expected to base his decision entirely on the results of the analysis,
but rather use the results to obtain a better "feeling" for the possible
economic gains or losses as affected by the equipment purchased and the -
crops planted.

Researchers may find the program a useful tool in studying the
effect of parameters such as field efficiency, purchase prices, and fuel
costs on the overall system annual cost. Questions such as the following
might be answered. Can a significant number of dollars be saved by in-
creasing field efficiency from 75 to 90 percent? What effect does travel

speed have on the cost of a field operation?
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CHAPTER 5

SUMMARY

Farming as a business is becoming quite competitive. With a
decrease in labor input and an increase in machinery input compounded
by rising machinery purchase prices, farm managers must assume hetter
management of their machinery systems if they are to make ends meet.
A computer program was written by Donnell Hunt to make an economic
analysis of a farm machine system. The program may be used to aid
farm machinery managers, since implement widths and tractor horse-
power are selected which minimize the total annual operating cost.
This program was obtained from Hunt and several revisions have been
made which have made it more general in its use.

With the original program it was only possible to select a fuel
type for the entire farm machine system. For instance, if a diesel
tractor was desired, all other engines in the system were considered
to be diesel. This restriction has been removed and it is now possible
to select a fuel type for every engine whether it be tractor, auxiliary
implement engine, or the engine of a self-propelled implement.

Restrictions regarding power requirements have also been relaxed.
Horsepower computations are now calculated on input data indicating
draft requirements in pounds per foot of implement width and on data
indicating energy required in terms of horsepower-hours per ton of
material processed. IEnergy requirements, rather than draft require-

ments, are more suited for harvesting equipment such as forage harvesters
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and balers.

Required drawbar horsépower is influenced by soil conditions,
travel speed, tractor weight, and method of implement attachment.
Drawbar horsepower calculations within the program have been revised

so that information presented in the Agricultural Engineers Yearbook

for predicting optimum tractor drawbar performance is utilized.
Apparently, Hunt has also added this capability to his original
program (8). However, it is not known whether the information used
by Hunt is the same as that used here.

General improvements have also been made to the program, Opti-
mization techniques used in managément science are used to locate the
optimum tractor horsepower and implement sizes. Specifically, the
Fibonacci search and Hooke and Jeeves pattern, search are used. The
program has also been redesigned as a set of subroutines, each per-
forming a logical portion of the selection process. A computational
method has been incorﬁorated to determine the initial starting point
in the search for the optimum tractor horsepower. Information ob-
tained from the program has been increased to better aid the farm
machinery manager in the decisions he must make. Preliminary tests
indicate that the solutions obtained from the program are reasonable,
although, no general conclusions can be made at this point.

Finally, the written material presented in this work serves as
a formal presentation of the basic concepts and calculations used in
the program, It is suggested that any.subsequent changes in the pro-

gram also be made here, since a person unfamiliar with the program
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can use this material to obtain an understanding of the mathematical
equations on which the resulting program solutions are based.

Walter W. Hinz has stated that programs still need to be developed
to allow flexibility of input data and to project alternatives (5). It
is felt that the contribution made here has advanced Hunt's ma&hinery

selection program a step closer to that goal.
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APPENDIX I

Input variable list for
a. alphabetic input data codes,
b. information cencerning predictor
values for tractor drawbar performance, and
c¢. information concérning the farm
.machine system.

Data form for machinery selection program.
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INPUT VARIABLE LIST FOR ALPHABETIC INPUT DATA CODES

78

Card Type 1/1
Variable Card Field
Name Description Code Columns Length
AFCODE(l) Code for gasoline G 1 1
AFCODE(2) Code for diesel fuel D 2 1
AFCODE(3) Code for LP gas L 3 1
AFCODE(4) "Dummy" fuel code . "blank" 4 1
ICODE(1) Integral method of implement attachment I b} 1
ICODE(2) Semi-integral method of implement
attachment S 6 1
ICODE(3) Towed metﬁod of implement attachment T 7 1
ICODE(4)  "Dummy" method of implement attach-  "blank" 8 1
ment
NSCODE(1) Firm soil surface condition F 9 1
NSCODE(2) Tilled soil surface condition T 10 1
NSCODE(3) Soft soil surface condition S 11 1
NSCbDE(é) "Dummy" soil surface condition "blank" 12 1
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INPUT VARIABLE LIST FOR INFORMATION CONCERNING PREDICTOR VALUES FOR
TRACTOR DRAWBAR PERFORMANCE

Card Type 1/2

Variable Card Field
Name Description Columns Length

DTOAHP~  Drawbar horsepower to axle horsepower ratio 1-6 6

TREDUC Percent travel reduction 7-12 6

Actual travel speed

TRATIO No load travel speed e = b 6

Card‘Type 2/2

Variable Card Field
Name Description Columns Length

DEPRTW Drawbar pull to rear tractor weight ratio 1-6 6

RWNLS (Rear tractor weight)(No load travel speed) 7 - 12 6

375 (Axle horsepower)
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INPUT VARIABLE LIST FOR INFORMATION CONCERNING THE FARM MACHINE SYSTEM

Identification and Tractor Information -

- Card Type 1/1

Variable Card Field
Name Description Columns Length

NM1, NM2,
NM3, NM4,
NM5 Identification name 1-20 20
PURIR Purchase price of tractor, $ per maximum FTO

horsepower 21 - 25 5
HPPER Largest horsepower obtainable in a single,

usable tractor or the largest horsepower

tractor desired 26 - 30 5
ESTHPL If implement sizes are to be selected for a

given tractor horsepower, set ESTHPL equal to

that horsepower. Otherwise, leave blank. 31 - 35 5
RMTR Tractor repair and maintenance costs, decimal

of purchase price per hour of use 36 - 42 7
DLTAHP Tractor horsepower stepsize for Hooke and

Jeeves Pattern Search 43 - 47 5
XLIFET Estimated service life of tractors 48 - 52 5
TRDNTT Expected trade-in age of tractors 53 ~ 57 5
XLFIR Maximum load factor permitted on tractors,

decimal 58 - 62 5
TFTYPE Fuel type for the tractor, G-gasoline,

D-diesel fuel, L-LP gas 63 1
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Number of Operations and Fuel and 0il Price Information - -~ Card Type 1/1
Variable Card Field

Name Description Columns Length
NMBRPR Number of processing operations in farm ma-

NMBRTR

NMBRIM

NMBROP

OPRICE(1)
OPRICE(2)
OPRICE(3)
FPRICE(1)
FPRICE(2)

FPRICE(3)

chine system; (right justified, no decimal
point)

Number of transport operations in farm ma-
chine system; (right justified, no decimal
point)

Number of implements in farm machine system;
(right justified, no decimal point)

Number of field operations required; (right
justified, no decimal point)

If 2 machinery manager feels that it is
inconvenient for him to have operations done
by custom operators he can estimate this
inconvenience with a dollar cost. If it is
desirable to have no operations done by a
custom operator let C = 99999.

0il price for gasoline engines, $ per gallon
0il price for diesel engines, $ per gallon
0il price for LP gas engines, $ per gallon
Fuel price of gasoline, $ per gallon

Fuel price of diesel fuel, $ per gallon

Fuel price of LP gas, § per gallon

13

17

22

27

32

37

42

47

12

16

21
26
31
36
41
46

51
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Process Operations Information - - Card Type 1/1
Variable Card Field
Name Description Columns Length
NPR1, NPR2,
NPR3, NPR4,
NPR5 Name of process activity 1-20 20
G Tractor energy required, EEgEE - 21 - 27 7
TONSPR Amount of material processed annually,
tons/yr 28 - 34 7
Transport Operations Information - - Card Type 1/1
Variable Card Field
Name Description Columns Length
NTR1, NTRZ,
NTR3, NTR4,
NTR5 Name of transport activity i-20 20
DISTR One-way transport distance, miles 21 - 27 7
TONSTR Amount of material transported annually,

tons/yr 28 - 34 7
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Field Operations Information - - Card Type 1/5
Variable Card  Field

Name ' Description Columns Length
XINDEX Identification number of field operation 1-3 3
NOP1l, NOP2, ,
NOP3 Name of field operation 4 = 15 12
ACRESO Annual operation acreage, acres/yr 16 - 21 6
NSOIL Soil surface condition; F-firm, T-tilled,

S-soft 22 1

SPEED Travel speed, mph 28 - 33 6
EFFIC Field efficiency 34 - 39 6
FFACTR Force factor, lbs/ft 40 - 45 6
HPHRTI Energy requirement of implement, EE§E£~ 46 - 51 6
COMBID A combination operation occurs when two

different implement types are powered at
the same time. For such operations, COMBID
contains the operation number of the other

operation 52 - 57 6
TPOWRD Use 1.0 if implement is tractor powered.

Otherwise, leave blank. . 58 - 63 6
SPLFTR Load factor for self-propelled implement,

decimal . 64 - 69 6
SFTYPE Fuel type for self-propelled implement;

G-gasoline, D-diesel fuel, L-LP gas 70 1
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Field Operations Information - - Card Type 2/5
Variable Card Field
Name Description Columns Length

XINDEX Identification number of field operation 1-3 3
AUXENG Use 1.0 if implement has auxiliary engine.

Otherwise, leave blank. 4 - 9 6
XFTYPE Fuel type for auxiliary engine; G-gasoline,

D-diesel fuel, L-LP gas 10 1
AXMYHP Maximum horsepower of auxiliary engine

permitted, hp 16 - 21 6
AXLFTR Load factor for auxiliary engine, decimal 22 - 27 6
FFCTRX Force factor for auxiliary engine, lbs/ft 28 - 33 6
HPHRTX Energy required of auxiliary engine, hp-he 34 - 39 6

ton
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Field Operations Information - - Card Type 3/5
Variable Card Field
Name Description Columns Length

XINDEX Identification number of field operation 1 3 3
NMCH1, NMCH2,
NMCH3 Implement name 4 - 15 12
XIMPL Identification number of implement 16. 21 6
IMPCLS Method of implement attachment; I-fully

mounted, S-semi-mounted, T-towed 22 1
WMAX Largest implement width available or

desired, ft 28 33 6
PURIO Purchase price of implement, $/ft 3 - 39 6
XLIFEI Estimated service life of implement, yrs 40 = 45 6
TRDNTI Expected trade-in age of implement, yrs 46 - 51 6
RML Implement repair and maintenance costs,

decimal of purchase price per hour of use 52 - 57 6
TIMLI Timeliness factor for this operation,

decimal/hr 58 - 63 6
CROPA Annual crop acreage, acres/yr. Need not

agree with the annual operation acreage.

For instance, if the same jmplement were

used for the second and third operation

on 40 acres of wheat ground, this could

be considered as one operation with

ACRESQO = 80 acres but only 40 crop acres. 64 69 6
YIELD Yield of crop, bushels, tons, etc. per

acre 70 75 6
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Field Operations Information — - Card Type 4/5
Variable Card Field
Name Description Columns Length

XINDEX Identification number of field operation 1- 3 3
VALUE Gross value of crop; $ per bushel, ton, etc. 4 - 9 6
XTIMES Use 1.0 for all operations except for combi-

nation operations use 2.0 10 - 15 6
E Feasible number of implement units hooked side

by side behind one tractor. Use 100.0 if imple-

ment is self-propelled 16 - 21 6
XLABOR Price of tractor operator labor, $/hr 22 - 27 6
XNOPS Price of implement operator labor, $/hr - 28 - 33 6
ATTACH Identification number of attachment used in

this operation 34 - 39 6
ACTOTA Annual acreage for this attachment, acres/yr 40 - 45 6
PURA Purchase price of attachment, $/ft 46 - 51 6
XLIFEA Estimated service life of attachment, yrs 52 - 57 6
TRDNTA Expected trade-in age of attachment, yrs 58 - 63 6
RMA Attachment repair and maintenance costs,

decimal of purchase price per hour of use 64 ~ 69 6
XNDCTR Use 1.0 for operations using self-propelled

implements. For operations using the tractor

use 1.0,except for combination operations, use

1.0 for the operation in which the implement

is directly behind the tractor and leave blank

for the other operation. 70 - 75 6



Field Operations Information - - Card Type 5/5
Variable
Name ' Description

87

Card Field
Columns Length

XINDEX Identification number of field operation
CUSTOM Custom rate for this operatiomn, $/acre

BASUSD Identification number of implement for which
the attachment was purchased

1-3 3
4 -9 6
10 - 15 6



DATA FORM FOR MACHINERY SELECTION FROGRAM

Tdentifiecation and Tractor Information

.Sheet 1/1

Tdentification name

88

Purchase price of tracter, $ per maximum PTG horsepower

largest horsepower obtainable in a single, usable tractor
cr the larrest horsepower tractor desired

Tractor horgepower for which implement widths should be
selected, Or leave bl=n% if both tractor horsepower
and imnlement widths should te selected

Tractor repair and maintenance costs, decimal of purchase
Trice ver hour of use '

Tractor horsepower stepsize for Hocke and Jeeves Methoa
Estimated service life of tractoré, years

Fxpected trade-in age for tractofs, Years

Vaximum.load factor rermitted on trazctors, decimal

Fuel tyre for the tractor, G-gascline, D-diesel fuel,
L-LF gas
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Number of Operations and Fuel and 011 Price Information
Sheet 1/1
Number of rrocessing operations in machinery system
Number of transport operations in machinery system
Number of field iwplemént types needed
Number of field orerations required

made aeainst custom operation for inconvenience, $

Charge

(i1 vriece for pasolire engines, $ per gallon

i1 price for diesel eneines, $ per gallon

(31 price for LP-gas engines, $ per gallon

Fuel price of gesoline, $ per gallon

Fuel rrice of diesel fuel, $ per gallen

Fuel vrice of LF-gas, $ per gallon
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Process Orerations Tnformation

Sheet 1/1
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Transrcrt Creraticns Information

Sheet 1/1

e —
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Field Operations Inforration

Sheet 1/5
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Field Crerations Tnformation

Sheet 2/5
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Field Orerations Tnformation

Sheet 3/5
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Field Orerations Information

‘Sheet 4/5

-
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Field Crer=tions Information

Sheet 5/5
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APPENDIX II

Listing of input data cards for

a. alphabetic codes, and

b. tractor drawbar performance predictor

values.

Input data card listing produced by the
program for

a: alphabetic codes, and

b. tractor drawbar éerformance predictor

values.
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APPENDIX III

General information for
a. Example Farm No. 1, and
b. Example Farm No. 2.
Coded data form for machinery selection program

using Example Farm No. 1 informationm.



Example Farm Number 1

AI

BI

General information regarding implements and field operations.

Implements
1. baler
2. combine
a. attachments
1. platform
2. corn head
3. cultivator
4, disk
5. drill
6. harrow
7. mower
8. planter
9. plow
10. rake

Field operations for crop enterprises

1. Corn - 100 acres - yields 80 bu/acre @ $1.48/bu

2.

a. Order of operations
1. plow 40 acres and disk 60 acres

2. disk
3. disk
4. harrow
5. plant

6. cultivate
7. cultivate
8. harvest

9. haul grain to storage
Oats - 40 acres - yields 30 bu/acre @ $.80/bu - yields
1 ton straw/acre @ $12.50/ton

a. Order of operations

1. disk
2. disk
3. harrow
4., drill

5. combine

6. haul grain to storage

7. mow

102



103

8. rake
9. bale
10. haul bales to stack

3. Alfalfa - 40 acres - yields three cuttings, 1.67 tons/cutting
per acre @ $18.00/ton

a. Order of operations per cutting
1. mow and rake combined
2. bale
3. haul bales to stack



Example Farm Numbér 2

A.

B.

General information regarding implements and field operations.

Implement list

NP WLWNR

8.
g.
10.
11.
12.
13.

Field operations for crop enterprises

1.

Baler
Binder
Combine
Drill

Disk
Harrow
Spring tooth
Sprayer
Swather
Undercutter
Treader

Cultivator
Rotary Hoe

104

Alfalfa - 50 acres - three cuttings, yields .67 ton/cutting per
acre @ $18.00/ton

a.

Alfalfa - 7 acres - yields 2 ton/acre @ $18.00/ton

a.

Forage sorghum - 35 acres - yields 2 tons/acre @ $12.00/ton

a.

Order of operations per'cutting
- Swath

1.
2.
3.

Order of annual field operatiomns

1.
2.

Order of operatiomns

1.
2.
3.
4.
J.
6.
7.

Order of operations

1.
2.
3.
4.
5.
6.

Bale -
Haul bales

Spring tooth
Harrow

Undercut
Disk

Undercut and tread combined

Disk
Harrow
Harrow
Drill

Undercut
Disk
Disk

Spray - 18 acres

Drill

Rotary hoe - 20 acres



105

7. Swath - 10 acres
8. Bale - 10 acres
9. Haul bales

10. Bind - 25 acres
11. Haul bundles .

4, Hay - 10 acres - yields .5 ton/acre @ $5.20/ton
a., Order of operations
1. Swath
2. Bale
3. Haul bales
5. Grain sorghum - 70 acres - yields 31 bu/acre @ $2.00/bu

a. Order or operaticns
1. Undercut

2. Disk
3. Disk
4. Spray - 35 acres
5. Drill

6. Cultivate
7. Cultivate
8. Combine
6. Sudan - 16 acres - yields 2 tonfacre @ $12.00/ton

a. Order of operations

1. Undercut

2, Disk

3. Disk

4., Spray - 8 acres
5. Drill

6. Swath - 8 acres
7. Bale - 8 acres
8. Haul bales

7. Wheat - 210 acres - yields 18 bu/acre @ $1.80/bu
a. Order of operations

1. Undercut
2. Undercut and tread comb%ned

3. Spray - 105 acres
4, Disk '
5. Drill

6. Combine



" DATA FORM F(# MACHTMERY SWLECTTON FRCGRAM

Tdentification and Tracter Information

Sheet, 1/1

Identification name E&I‘?M pPLE 'F/r’JZM /Uﬁ. /

106

Purchzse rrice of tractor, $ per maximurm FTO horsepower

Lovpegt horzerowar obtainatble in a single, usatle tractor
or the Jarrast hoeserowsr tractor desired

Tractcr hercocpowaer for which implement vidiths should be
galentad,  Gr leave Wl-17 *F both tractor hersepower
apd dpniepent widths ghovld 2e selected

Trantor rera2ir and madrtergane costs, deeimal of turchase

fos ey bonr of ues

P

Tractor rorssroaay siersizne for Hooke and Jeeves Method

b

errige 1iTe of tractors, ysars

2 A
SLIMe TR

i

kyverted Trode-in aee for trecicrs, vears
Faxirie lond factor rermitiad on trecters, decimal

‘Fuel tyre “rr the tracter, fi-masniine, D-diesel fuel,
L-1F gas :

L0.000/
/3

J. 85

——
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~J

Numbey of Crerations and Fuel ard (i1 Trice Tnformation

Sheet 1/1

- Number of rrocessing operations in machinery system
Number of transport operations in machinery system

Numter of firld implement tyres needed

Number of Field arerzations required

Charge made ~prainst custor oreration for inconvenience, $
011 triae for pasoline engines, $ per gallen

011 priece for diesel ensines, 3 rer gallon

| RBRELL

011 price for LP-gas engines, $ rer gallon

s

Fuel price of ezsoline, $ per gallon
Fuel rrice of diesel fuel, $ per gallon

Fuel rrice of LP-gas, $ per gallen
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Froreas rarmticng Tnfarmatieon

Sheet 1/1
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Transrcryt Creratierng Tnformatden

éheet 1/1
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Field Crerations Inforration

Sheet 1/5
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Field Creratione Tnfermation
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Field Orervations Information

Sheet 4/5
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Field Creyntions Tnforestion
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APPENDIX IV

Listing of input data cards for Example Farm No. 1.
Input data card listing produced by the program for
a. Example Farm No. 1, and

b. Example Farm No. 2.
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APPENDIX V

Information produced by the program for the
optimum horsepower level of
a. Example Farm No. 1, and

b. Example Farm No. 2.
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APPENDIX VI

Listing of the machinery

selection program.
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CFEE At kbR AR TR N AL KRN R R RN E AR TR N F TR R F LA XTI B SRR A AR R KR AAXBREN 2L dwMA T IONLO
CORER R TR N e AR S R R AR TR R F A P AR R R kN AR F R R TR MR E RS AR AR R A AR R AR MA] IC 020

c FARM MACHIMERY SEI FCTION PROGRAM - ¢ORTRAN [V = JANHARY 1973 © MAI70039
c INDUSTRIAL ENGINRERING DEPARTMENT, KANSAS STATF UNIVERSITY MAIOQUD4D
c . : ; : MATODOSO
c ; . MATQC0GD
C THIS PROGIAM TS5 AN EXTENSINN DF MATOOOTO
c MACHINFERY SELECTIMNN PRAOGRAM - FMRTRAN TV - JUNE 19568 MATIJOCRD
(o AGRTCULTUR AL ENGINEEPING NEPARTMFANT, UNIVERSITY OF TLLINDIS MATIND SO

(R YTEEIS L FE 2R AR L2 R R AR 2 LR LR SRR LR sl b bt s RS LR Ve Nl i,

CRRFR A R TR R r G RE AT R RIS TR AR R R AR AR I AR AR TR ER KR SRS RR RN E R XEXMATIGL]D

MA10U120

MATNGLED

ALL. COMMEYTS THAT APPEAR IN QUAITATION MARKS WERF ORTAINED FRAM AN MA[10140
ARTICLE W2ITTEN BY DONNELL HUNT, THE TITLS OF THF ARTICLE WAS MATJ3150
YA FDRTRAN PROGRAM FOR SFLECTING FARM EQUIPMENT's THE ARTICLE MA1)0160
WAS PURLISHED IN MATOGLTO
AGRICULTU2AL FNGINSERING{VOL. 48, NO. 6, PP, 332-335, JUME 1967), MA132180
---------------------- : MAINO14G
THE JOURNAL OF THE AMERICAN SOCTETY OF AGRICULTURAL ENGINEERS, MA1IG200
ST. JOSEPH, MICHIGAN, MAI0210
. ' MAT Q0220

: ) MAICC230

REFERENCES : MAIN0240
MATG0250

1. HUNT, DONNELL R, FARM DOWER AND MACHTHNERY MANAGEMENT, INWA  MAINO260
STATE UNIVERSITY PRESS (4TH EDITION) 1964 MATOD270
MATOOZRO

kxR ek Rkl Ak kR kR kR AR Rk R e kR ek AR Rk kAR r kR AR IR Rk MAT 50200
' ’ MAT Q39D

) T g 3 MATQO319D

" CONCESNING THF PEOGRAM MALQO320
o e e 5 ok e ook 0 o ke o e ool ok ot ke : MATINN33D
. MATI0340

MATQD250

STHIS PROGRAM ASSUMES THAT THE ENTERPRISES ANN MACHIMERY MAl2534)
ACTIVITIES NN A FARM ARE KNOWN AND UNCHANGING NURING ZQUIPHENT MAT2370
LIFE.® ; MATQQ3RN
- MAIQQ290

S TMPLEMENT SIZE AND PDWER LEVEL, ARE THF UNKNOWN VARIABLES MATIOGED

FOR WHICH SOLUTTONMS ARE SGUGHT' WITH THIS PROGRAM, MATOCALND
] MATQO42N
PALWAYS THE MINI™UM NUMBER OF PAOWER UNMITS IN THE LARGEST MATIID43D
S1ZES PERMITTED ARY THE PROGRAM wiLL RE SELECTED.! MAICO440
’ MAT 20450

CIN THIS ANALYSTIS EACH FIELD OPERATION IS COMSINEREND TO HF MATYI4AT)
PERFQORMEN AY A RASE [MPLTMENT THAT MAY (P MAY NOT HAVE ATTACHMENTSMAING47D

NR THAT MAY (R MAY NOT RE USED IN COMRINATION WITH DTHER MAIIJS4FPO
TMPLEMENTS " MAIQD4ASH
MAT2CS5"D

*TIMZLINESS COSTS ARE USED TN SELFCTING THE OOTIMuUM SIZE ANMD YAl70510
[N DETER™IMIMG THT SYSTEY CNSTS BUT ARE SUBTRACTED WHIN CDMPARING MAT p3520

Iz NaRal sl Na el Ne e RN NaRa e e e e Xl s R a el R Na e e N ool e NeRa e o e NN a Ra Ne N NaRa e R p N e

WITH CUSTO™ COSTS,. THFY ARE COMPUTED RY USING THE FALTORS IN MAT 2530
TABLE 14.2 (11.° MAINNS4D
MATC0554

: HATI0L560

TABLE l4.2 ; ' : MAIOLSTO
’ MA1 Q580



TIMELINESS FACTORS

OPERATION K VALUE
SEEDTING «00030
TILLAGF « 00005
CULTIVATION . 00020
GRATN HARVESTING =« 00020
HAY HARVESTING «D0050

GREEN FNRAGE HARVESTING -00010

pl
*##tli***‘#t*#*##*tl*tt*ltt.tltt*t

CONCERNING TNPUT TN THE PROGRAM
Bkohr kR kR kR Rk Rk kR

.

IF AN TMPLEMENT [S NGOT TRACTOR POWERED IT fS CONSIDERED
TO BE SELF—PROPELLED.

*REPAIR AND MAINTENANCE CNSTS ARE DERIVED FOR THE BASE
JMPLEMENT, THE CCMBINATIAN IMPLE“ENT, THE ATTACHMENT, AND THE
TRACTOR, THEY ARE COMPUTED AS A NECIMAL QUANTITY OF THE PURCHASE
PRICE PER HOUR 0OF USE AND ARE DEVELOPED FROM DATA IN THE
AGRICULTURAL ENGINEER'S YEARRNOK,®

[ e — - e —— . ol -

TTHIS SFLECTINN PROCESS REQUIRES GROSS ENERGY FIGURES THAT
INCLUDE RNLLING RESISTANCE AND SLGPE ENERGY RFOUIRFHENTS.'

"THE TERM FNRCE FACTOR [S USED HERE TO INDICATE GPDQS FNER(Y
REQUIREMENTS OF FIELD OPFRATIONS. THESE FDRCE FACTARS HAVE UNITS
OF POUNDS NF FOPCE PER FNNT NF EFFECTIVE WIDTH CF AN IMPLEMENT,
THEY ARE BASEN ON PURLISHEDN DRAFT ANND POWER REQUIREMFNTS WITH-
THE AUXTILIARY ROLLING RESISTANCES ©0F THE TRACTUR, IMPLEMENT, AND
TRAILING WAGONS, IF ANY, INCLUQED. ANY TABLE NF FARCE FACTORS
COULD REPRESENT OQMLY GENFRAL VALUES. THE FORCE FACTNRS MUST BE
CAREFULLY EVALUATED FOR THE SPECIFIC FARM SITUATIDN.®

YEACH CROP FNTERPRISF MUST HAVE ITS OWN ENTRY. DISKIMG FOR
CO®N,y FOR FXAMPLE, IS LISTEN AS & SCPARATE ACTIVITY FRNM DISKING
FOR SOYREANS, THIS DIFFERENTIATINN IS NECESSARY TN DISCRIMIMATE
THE RESPFCTIVE TIMELINFSS, LAROR, AND REPATR CNSTS AND TO PERMIT
NISTINCTION, TF ANY, RFTWFEN THE RESPECTIVE FOPCE FACTNRSe THIS
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MATO0520
MALION60D
MALONG10
MA100620
MAT00630
MAIOGE4O
MATI0659
MAI00660
MATO0&TO
MAIDO6ED
MA100659
MATOOT7:0
MA10IT1D
MA100720
MATO7T20
MAL00740
MAIONT59
MAINDTEN
MA100TTD
MATO0OT80
MAT0079)
MAI20810
MAIGO810
MA] 00820
MAT00830
MAIN0A4N
MATUSRSD
MA132369
MAI 20670
MATDNAR)
MAI00890
MATOCOMD
MATGNA10
¥a1352929
MAT130929
MATCO940
MATI3€50
MAT30560
MAT 39972
MAT32980
MATIGSAN
MATO1G)0
MALQ1010
MATD1020
MAT31039
MA101040
MAIN1053
MATJLEAD
MATOLNTD

IMPLEMENT WOULD, HAWEVFR, BRE INDENTIFICD RY THE SAME INDENTIFICATIONYATJ1MED

NUMBER IN BROTH THE CORN AND SOYBEAN FNTRIFES.®

MATD1290
MATQ1132

T R T L T T e T L T A DI R
CoRddd gk bdahhrhkhdeudioyrsddpddk ol nmpgppkddiiok b dddordihdord Gk kdokehdi s ke kMATO1 120

DOMN0

FRERAMAN* 35 kR

MATJL130
MATO1140
MATN1159
MALIOL160
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MAI01170

CONTROLS SEARCH FOR OPTIMUM TRACTNR HNRSEPOWER MAIOL1RO

MAIJ1199

MA101200

COMMON AREA NF INPUT DATA COBES FNR IMPLEMENTS, MAI01210

FUELS, AND SOILS MAIN1229

MATD1230

COMMON AFCADE(4),s ICONE(4), MSCNNE{4) MAT01240

. . MATO1259

MAIO1269

COMMON AREA OF SCALAR VARTABLES MAIOL127)

_ MAT012R0

COMMON A, C, DLTAHP, ESTHPL, FCPLTT, HPPFR, HT, KPARE, MCRNR, N41,¥A101290

INM2, NM3, %4, NMS, NMBR[M, NMAROP, NMRRPR, MMARTR, NPRNTR,PPTRAC,MAIO1137
2PURTR, RMTR, SMNRGD, SMNEGP, SMNAGT, TFTYPE, TPP, TPPI, TRDNTT,  MA[A1310

3XLFTRy XLIFET MATOL1320
MAIQ1330

MAT(O1340

COMMON AREA 0OF ARRAY VARTABLES MATO1359

: MATO1362

COMMON ACT¥P(50), ACIMPL(5D), ACI%PZ(50), ACIMP3{50), ACIMP4A{5N}, “ATC137N
IACIMPS(52), ACIMPS(50), ACIMPTISN), ACIMPBI{50), ACRESG(50), MAIGL2RN
ZACTATA(S5GY,y ATTACH(50), AUXENG(5C), AXHPLVISG), AXLFTR{5N}, MATU1330
AAXMEXHPIS52)  BASUSNISC), CMTRCTIS50), COMBIN(5D), CNSTLI{S50), MATDL40N

4COST21501, CNST3(52), COST4150), COSTS5LS0)., COSTELIBNY, CNSTT{RN), MATIN1410
5COST3(50),y COSTIC(S50), CROPAISD), CUSTIMIS0)y CU(SI), DDPRTW(&y4),MA11147]
6DISTRIS50), DTNAHP{4), E(50), EFFIC(S50), FCPCTA{SI}y FCPCTC(50), MATO14320

-TFCPCTIIS5P), FEFFICISD), FEFICX(50), FFACTRISO)s FFCTRX{S50l MATO1440
BFFCTRCIS5C), FPRICFL &)y FTYPE(S0), FUSLCISI44), GI(53) MAIN1450

CoOMMON HO{SD), HPHRTCIUGD), HPHRTI(SD), HPHRATX(S?}, IvPCLSISD), MEINL46Y
INCCODE(S0Q), MMCHLI(S50), MMCHZ2(50)}, NMCH3LIS50), NYCHIL(S53), : MATIN14790
ZNMCHJZ2(50) 4 MMCHJ3(5C),, M101(50), NOP2(5Q), MNOP2{50), NPR1(50}, MATO14F0
3NPR2{50), ™MOPRIISD), NPR&(5Q}, NPRS5(57), NSOTLISL), NTRLI(5C)., MATO1499)
4NTR2(5D), NTP3(53), NTR&{55), NTR5(50) MATO1530

COMMON OCSYPA(RO), QCSHPTISC)e QIL(S50,4)s OPFICEL 4), PPE5SD), MATNL1510

cooon

1000

1PURALSO), PURTIS50), PHRIN{SC), PURICLSG)s Q{S0), DALSO)s RMALSO), MATI152)
ZRMI{50), O™IC{50), RNATCH{SD), RWMLS(4,4), SFTYPE{S9), SNRGDI(S50),Ma1015321
ASNRGACISG)Yy SNRGPI50),y SHRGT(S501,y SPNFF(50), SPESD{SCYe SPHP(B0), MAIO1540

4SPLFTR(5:1), SUMAC(R0), SUMACCIS0), TIMLT(50),s TIMPMX(50), MATD16SD
STONSPR(50), TONSTR{50), TPNWADISQ), TRATIO(4), TPENUC(4), MATD1560
6TRNNTA(S0), TRONTI(50), VALUR{S0}, W(53)s WC{52), WHAX(50), WSI[SQIMAIO1570
COMMON XT¥PL{50), XINDEX(53), X{50), XFTYPE{50), XLABGR(50), MATO1580
IXLIFEALS50), XLIFEI(5D), XNOCTR(57), XNIMPS(50), XNIMPC({50}, MAT015970
2XNOPS{50), XMTRSN(50), XTIMES{50}, YIELD[501, Z(50) MATO1600
: _ © MAIO1610
MAIN1620

IDENTIFY 1/0 UNITS MAT01620

MAT01640

NCRDR = 5 MAID1650
NPRNTR = 6 MAIOL1E6D
MAID1670

MATD1630

READ IN DATA MATO1699

MATD1710

[OCNT = O MAIN1T71D
KPAGE = 0 MATIN1770
CALL DATAIR(INCNT) , MAID1720

INCNT = 1 _ MATO1743
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OHOONO

60

83

87

69

T0

T2
80

81
85

86

88

CALL [INTITL1

IF { FSTHPL .
OHP = ESTHPL
CALL SFLECT |
DD 831 = 1,
CNTRCTI( I ) =
CALL HPEST |

CALL SELECT |
HP = BSHPN

FNHPE = FNBHCON
ENTRS = FXMTP
CALL EXPLMV {

IF { FNHP .5GE
BSHPD = RSHPNM
BSHPN = HP

FNBHPN = FNuWD
FXNTRS = FNTR

HP = RSHPN =
IF € HP LT,
CALL SELECT

IF { FNHD RE
GO TO 7¢
HP1 = HP + DL
HP2 = HP = 2L
IfF { HPZ LT,
GO TN 85
HPLl = HP

HP2 = BASHPQ
IF [ HP1 .LE.
HPLOW = HP2
HPHIGH = HP]
GN TO 88
HPLOW = HPL
HPHIGH = HP2
HPRNGE = HPHI
IF { HPRNGE
WRITEINPRNT2,

INITIALIZE VARIARLFS AND TF ESTHPL FQUALS 0.0
CALCULATE AN FESTIMATFE 0OF THE HORSEPDWER LEVEL NEEDED

EQe 0.0 ) GO TQ 60

CHP, CFNHP, OFNTRS, L1000, E£599 }
NMARQP

1.3
BSHPN )

USE HOOKE & JEEVES PATTERN SEARCH TO FIMD THE
INTERVAL OF UNCERTAINTY FOR TRACTOR HAORSEPOWER

LOWER LIMIT N HORSEPOWER 1S5 1.0 HP.

BSHPN, FNRBHPN, FXNTRS, &£1000, &B87 )

§
HB, FNHP, FMTRS,.E1000, &£69 }
« FNBHPN ) GO TOD 80

S
2. - 8SHPD
1.0 ) HP = 1,0

HP, ENHP, FENT®S, R1200, £72 )
« ENBHPN | 60 TO. 81

TAHP
TAHP
1o ) HPZ2 = 1,0

HPZ2 } GO TO 86

GH = HPLOW
6T, 1.0 } 60 TC 90
89} "

89 FORMAT(1H1,///52H SOLUTION REACHED, HPRMNGE LESS THAN OR EQUAL TN

11.9 )
60 TO 1000

USE FIANNACCT METHOD TO FIND
YIELNS THE LEAST COST FARM MACHIME SYSTEM

INTERVAL OF UNCERTAINTY REMAINTNG AFTER SEFARCH 1S
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MA101750
MATIO0L1760
MAIN1770
MA1D17R0
MATJ1790
MATO1R0OD
MAICQIALO
MATO1829
MA1D1830
MATO18%40
MAID1850
MAIO13A0
MATQ01870
MAIDIPED
MATIO1R9)
MAID1920
MATQ1°1n
MATD1920
MAIQL1230
MATO1940
MAT019%0
MAIQ196D
MATQ1370
MAT1Q1910
MAIN1990
MATOZONG
MAINZ2010Q
MAIN2020
MATD2030
MATD2240
MATQ2(C5%
MATI Q2060
MAIQZ20TO
MAIQZ2090
MAT02C9D
MAT02100
MAIDZ2119
MAID2120
MATIO2130
MAIDZ2140
MAIDZ2150
MAIOD21€0
MAIDZ17D
MAI021ED
MATO2190
MAIDZZ00
MAT 02210
MATO222D
MATID2230
MAINZ2260
MAT02250
MATD2260
MATN2275
MATNZ27R0

TRACTOR HARSEPOWER WHICHMATIR220D

MATN 2300
MATG?319
MATINZ232D
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1.0 HORSEPNWER MAT1023120

MATO2340

g0 N = 1 MAT07359
FO = 1.0 MATNZ3A]

F1 = 1.0 MAIN2370

FN = 1.0 MATOZ3P0

91 IF | 1e9/FN JLE. 1,0/HPRNRE } GO TO 92 MATQ2250
FN = FO + F1 MAT 02400

FO = F1 MATJ?410

F1 = FN MATO2620

N =N¢+1 MATID?430

G0 TO 91 MATOR2440

92 HP1 = FQ) #* HPANGE / FN + HPLOW MATD24%0
HP2Z = HPLNW + HPHIGH ~ HP1 MAID24480
CALL SELECT(HP1, FMHPl, FNTRS1, ELC0O., &£93 } MATO2470

93 CALL SELFCT ( HP2, FYHP2, FENTPS2, A10D0, E94 | MATO24A0
94 IF ( N JLE, 2 ) 62 TD 97 MATO2430
o095 1 = 3, N MAT 02500

1F ( FNHP1l .GE. FNHPZ ) GO TD 96 MATO2510
HPLOW = HP? MAID2520
HP2 = HP1 MA10253n
FNHP2 = FNHDP] MAIN2540
HP1 = HPLAW + HPHIGH — HP2 MAI02550
CALL SELECT ( HP1l, FMHPl, FNTRS1, £1000, £95 } MAID2540

96 HPHIGH = HP] MAIDZ2570
HP1 = HP2 MALI 0?7580
FNHPY = FNHP2 MATO2507
HP2 = HPLNW 4+ HPHIOH - HP] MATID2600
CALL .SELECT { HP2, FNHPZ, FNMTRS2, &£1000, £95 ) MATOZ2610

95 CONTIMUE MAT1D262N
97 IF { FNHP1 LGE, FMHP2 )} GO TO 98 MAIDZ2630
OHP = HP] MA1D2640
OFNHP = FNHP1 MAID2650
OFNTRS = FNTRS1 MAID26£0

5D 1D 599 MATD26T0

98 OHP = HP? MATGQZ?6RC
OFNHP = FNHPZ MAT(O2660
DFNTRS = FNTRSG2 MATD2702
599 WRITE(NPRMTR,600) . 5 MATO271)
600 FORMAT [1H-, 16Xy 9CH IMPLEMENT SIZES, POWER LEVEL, AND NPERATIMAID?T720)
10N COSTS FOR THE LEAST CNST SYSTEM ‘ £/ ) MAIQZ2730
WRITF INPRNTR,A01) NFNHP, NHP, OFNTRS MATO2749
601 FNRMAT | 2%, 39H TOTAL ANNUAL OPERATICON COSTS ARE & MATO2750
1 F10.2+ 1lH, 27H DPTIMUM POWFR LEVEL IS F1l0.2,1H, 204  TOTAL MATO2760
2TRACTNRS = F3,0 ) - MATO277D
GO TO 1000 MATIQ2770
END MATO2790
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SURRDUTINE DATAIC{IDCNT) DATO0010

DATON020

DATOND20

READS IN AND LISTS ALL INPUT DATA FOR A FARM MACHINE NATC2D4D
SYSTEM, ALSN CHECKS FOR CERTAIN ERRCORS IN THE DATNRDQ50
DATA. DATO0Q060
: DATONOTO

OATOOCARQ

IOCNT == INDICATES IF. ALPHABETIC CODES AND TPACTOR PATCON9N

DRAWBAR PREDICTAR VALUES SHCULD BE READ IN DATRO10N

DATID119

NATOQ120

COMMON AREA OF TNPUT DATA CODES FOR IMPLEMENTS, NATS0130

FUELS, AND SOILS : DATOOL40

& DATQOQ150

COMMON AFCNDEL4)y ICODE{4), NSCODE(4) DATOQ!60
DATOO17D

DATOO1RN

COMMON AREA (OF SCALAR VARTABLES : ' DATQO190

DATND2D0

COMMNN A, €, DLTAHP, ESTHPL, FCPCTT, HPPER, HT, KPAGE, NCRDR. NML1.NDATUD?219
1NM2, NM3, NM4, NMS, NMARTM, NM3IRDIP, NMRRPR, NMARTR, NPRNTR,PPTRAC.NATINZ2)
2PURTR, RMTR, SMUNRG(, SMNRGP, SMNRALY, TFTYPE, TPP, TPPI, TRONTT, CATGU23

3XLFTRy XLIFET DATQ0240
DAT(Q0250

DAT 302569

COMMON AREA OF ARRAY VARIABLES DATOO2TN

NATR02P0

COMMON ACIMP(SQ)}, ACIMPL(S50), ACIMP2{50N}, ACIMP3([E0}, ACIMP4(53}, DATICZ29)
1ACIMPS(S0), ACIMPE(50), ACIMPT{S53), ACIMPR(50}, ACPESQISQY, NATIQ39D
2ACTOTALSY) , ATTACHISO) s AUXENG(SI)y AXHPLV(SO), AXLFTFUS0), - DATND210
- BAXMXHPISNY, AASHSDISG)y CNTRCT(SD), COMAIN{50), COSTLIS(OY, DATAD3ZD

4C0OST2{5C), CPST3I(50)y CDST4(50), COISTS{S50), €OSTAH{53), COSTTIS0), DATAN3ZN
5COSTAL5)), CCSTIN(S5Q)y CRAPALSA)y CUSTOMIBOT, CUISZ)y NRPRTWIE4,4) \NATICISD
6NISTP(S), NTSAHP(4)}y E(50), EFFICISO), FCPCTA(S0), FC2CACLIS3), DATGJ350

TFCPCTIISG), FEFFICISSly FRFFICX(53)y FRACTR(SD) s FFCTRXIS5D), DAT 20367
BFFCTRLCIS0Yl, FPRICEL 4), FTYPE(S5D), FUELC{S5G.4), 5(5G] DATIN3T70
COMMON HAL{50), HPHRTC(50), HPHRTI({SN), HPHPTX(50}, [MPCLSISQ), NATJQ3ED
INCCODE{S3)y MMCHL{S0O),y NMCH2(53) s NMOH3(50), NMCHJILISO), DATQ03%0
2NMCHJI21531), MMCHJI3(50), NNPLISD), NNP2(5C), NOP3{50), MPRL{S5C), NATIN4CD
3NPR2(50)y NPP3{5(C)e NPR4A(SJH)y NPRS{57)y NSOIL{50)y NTRL(S50}, DATOO410
4NTR2(52), NTR3(5D), MTR4{50), NTRS5[50) DATO0420
COMMCN DCSHPALSNY, OCSMPT(SC). OIL{50+%4}, DPRICE( &), PP{R)]), NATAG430

1PURA(S5D)}, PUPI(50), PURIN(S50}, PURICISC), QI50), OAISI) sy RMAISD), NATI0449
2RMT(50), RMICIS50), RNATCH{BEO)}, PWNLS[444)y SFTYPE(S53), SHNRGNIISD),0AT2450
ASNRGOC{S5D) s SNRGPIRD) s SHRART(5U)s SPDFF(S3), SPEEDIS0), SPHP(50), NATLI4LN

4SPLFTRI501, SUMALISO), SUMACCIS0), TIMLIES0), TIMPMX{SO1, DATOQ04TO
STONSPR{5N}, TOMSTRI50), TPOWRD[SO), TRATIO(4), TREDUCL4), DATOD4RD
GTRONTA(S)), TRONTIISMAY, VALUE(SN), W(B01, WCL50), WMAX(50), WSI{50C)DNATIN4TD
COMMDN XIMPL(S53), XINDEX{SO}, XUS53), XSTYPE{S0), XLAGMR {501, DATICSUO
IXLIFFALSO)y XLIFFTI50), XMOCTRISI}y XNTMPS (531, XMIMPC(SO), NATOU510
2XNOPS U500, XNTQSMU50)y XTIMESISD)s YIELN(SO0), Z{50) NATOO520
' _ DATDO530
DATON540

CHECK 1F ALPHARETIC CRDFS AND TRACTDOR DRAWRAR DATONSGRO

PRENDICTOR INFORMATION MUST BE READ Ih. _ NDATH3569

: DATODOST7D

IFL 1DCNT .NE. O )} GO TO 1200 NATONS5E0
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c DATQO520
c : NATOD620
¢ REAN FUFL, T“PLEMENT, AND SOIL CNOFS DATUO0610
c DATIQ0R20
READINCRNR ,272N0) AFCRDE{(1l), AFCONE(2), AFCCDE(2)}s AFCODFEL4) s NATING3Q0
1ICcoNEtL Y, I1CANEL2), T1CODR{3), ICNDE(4), NSCONE(L1), NSCODE[Z2), NAT2I640
2NSCONEL3), NSCIODEL4) DATO0650

2000 FORMAT(1241) DATQ0660
¢ : . DATORETD
C DATJ0680
c PRINT OUT FUEL, IMPLEMENT, AND SOIL CODES DATI0ASD
C . DATIITIO
CALL PAGE NATICT1O
WRITEU{NPRNTR,Z001) AFCODE(1), AFCONEL2), AFCODEL3), AFCONE{4], NATID720
1ICODE(Y), ICPDEL2), ICONDE(3), ICODE(4}, NSCOOE(1l), NSCODE{2}, NAT2OT30
2NSCODE(3), MSCODE(4) DATSAT40

2001 FORMATIIH ,23HINDPYT VALUES FOR CODES:////11X.4HFUEL/SXs16(1H*)Y/ RATIOTS0
15%sALl 2%, BRGASTOLIME/S Xy ALy 2X4AHDIESEL /SX oAl 2Xs 6HLP GAS/SX4ALl+2%s DATINTED
2SHPLANK /S /78Xy SHIMPLEMENT/SX, L16{1H®)/5X,81,2Xy DAYIOTTD
BBHINTEGRAL /SX ALy 2Xy 1 IHSEMT ~INTEGRAL/ SXy AL+ 2 X SHTOWED/SX +AL 42X, DATOTAN
GSHRALANK/ /7 /11X 44 MSOIL/GX e LETIH®)/OX AL, 2 4HFIRM/EX ALy 2K OBHTILLEDNGATIOTIC

5/5XeAl 42Xy 4HSOFT, /5Xs AL 42X s SHALANK } DATICANND

c : DATO0B10
c DAT30820
c READ TRACTOR PERFORMANCE PREDICTOR VALUES DATI083)
c DATN0840
READ(NCRDR ,2033) (DTOAMP{I}, TREDUCI(I}, TRATIOI1); I = 1,3) DAT22850

2003 FORMAT{2F6,0} DATO0RED
DD 2005 1 =1, 3 ' DATIOETO

D0 2005 J = 1, 3 NATA0RPD

2005 READ(NCRDR ,2010} NDRPRTWII,J1, RWNLS(I,J} ’ g DATCO0890
2010 FORMAT{2F6.01 DATIOSID
c . DATA0S10
c _ DATA(920
c PRINT OUT TRACTOR PERFORMANCE PREDICTOR VALUES NAT22930
¢ : _ DAT Y0940
CALL PAGE . DATUQ95)
WRITE(YPRNTR, 202)) DATI096%

2020 FNAMAT(1H ,55X,L1¢HPREDICTIR VALUES/ /62X, 3HFOR/ /50X, DATO0970
12THTRACTOR NRAWSAR PERFORMANCE///) DATIO9RO
WRITE(NPRNTR,2930) DATOC990

2030 FNAMAT (45X, 4HDRHP, 37X, 17HP {RWS)INLTS )/ 1H#, 30X, 4H____+3X, DATO1000
1BHT TRAVEL y4Xs AHTRAVEL 42X s FHIMPLEMENT 44X 4 3H___ 4 Xy 11114_)/ DATILO1N
232X, 4HSNTL 44Xy THAHP , 3%, QHRENUCTION, 4Xy SHRATI0, 3X+ 4HCODE, 9X 4 3HRWS ,NATI1020

34X, 10HIAHP}(3751/) , © DATA1030

DD 2045 1 = 1, 3 DATO1040

WRITE (NPRNTR, 2940 )INSCODEC T ,DTNAHP (1), TREDUC(I), TRATIOLT), DATH1050
11CODE(1), DRPRTW(I,1), RUNLS(T,1) DATO1060

2040 FORMAT(35X,ALsFBeR30dXyFTa3s2XsFTa346Xsh1e6X9F6e318X Fhe3) DATOL070

‘2045 WRITE(NPCNTRGZTZSHI( ICOANE(]},y ORPRTW{I,J)y RWNLS{T1,J)s J = 2, 3) DAT?LDEYD
2050 FORMAT(TOX, ALy EX,Foe348XsFba3) . DATNLINOSD
' DATJ110D
DAT2111D
READ TN FARM MACHINE SYSTEM DATA DATOL120

DATI113N

PEAD IN CONSTANTS : DATOY 140

: : NATA1150
1007 READ(NCRDR ¢10D) NMl, NM2, NM3, NM4, NM5, PURTR, HPPER, ESTHPL, NATI1169

AOOOO00
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1 RMTR, NI TAHP, XLIFET, TRDNTT, XLFTR, TFTYPE, NMBRPR,
(1), DPRICE(2)s NPRICE(3],

2NMRRTR, NMAQTwM, Nwnunie, O, OPRICE
3FPRICE(LY,y FBRICEL2), FPRICE(3)
IF { PURTR LLF, N.,3 ) CALL ERRNR

100 FORMAT {5A4, 3F5.,0s FTa0Q ¢ 4F5.0,

{1y 120, EPCNT }
Al / 414y TF5.0 )

READ IN SUBRSCRIPTED ARRAYS FDR PROCESSING OPERATIONS

READINCPDR,2CO)(NPRI{T}y MPRZ(I)y NPR3I(I)y NPR4(I), NPRSI(I),

1G01)y TONSPRII)y T = 1,.M9BRPR)

200 FORMAT{ 5A4,y 2FT.0 )

Izl Naln

10
20

30

¢

READ IN SURSCRIPTED ARRAYS FOR TRANSPORT UPERATIDNS

READINCRDR,220) (NTRIIT]s NTRZLI)
IDISTR{L}, TOMSTR(I}y I = 1,N4RRTR

v NTR3(I)y NTR4(J)s NTRS(I},

)

READ IN SUBSCRIPTED ARRAYS FOR FIELD DPERATIONS

INSOIL{I}s SPEEN(I), EFFICII), FFACTR({I)y HPHRTIII),

2T7POWRD{LYy SPLFTRI1),s SFTYPE(T),
FAUXENG(I) s XFTYPEL(T ), AYMAHP(1},
GNMCHI{T)y NWCHZ2UT), NMCH3L(T), XIM

SPURIN(T), XLIFETI(T). TRONTI(I), RMI(I,

SYIFLDIT), VALUE(T), XTYIMES(I},
TE(L) o XLABNR (]}, XNIPS(T},y ATTACH(

AXLFTR(I}, FFCTRX{I},

READ(NCRDR ;400) (XINDEX{T}, MOP1C(I), NGP2(I11, NOP3{[), AC@ESD(I!.

COMAIN(T),

HPHRTX(1),

PLLIT), 1MPCLSII), HWMAXI(I},

1), ACTGTAlI}y PURAILI),XLIFEA(LI},

BTRDNTA(I Yy AME(I), XNDCTR(I)y. CUSTOMUII),y BASUSDLI),
400 FORMAT {F3,0,3044F6.003A1+5X s TFReDsAL 10X/ 2N FGaileAL 15X 4F6.10/
13X ¢3A44FEalpALl )X RFE 4O/ 3% 12Fhad/ 3N 2FELD }

SET UP FUEL AND OIL

FPRICE(4) = 0.0
OPRICE{(4) = 0.0
DTOAHP(4) = 1.0
TRATIOU4) = 1.0
TREDUC(4] = 1.0
on 8 J=1., 4
DBPRTWIJ:4) = 1.0

RWNLS{Js2) = 1.0

DBPRTWI4,d) = 1.0

RWNLS(4,J} = 1.C

CALL FCNVKTITFTYPF}

09 40 1 = 1, NYRR(QP .
IF { TPOWRN(I} - 1.0 } 33, 1D, 20
FTYPFIT) = TFTYPE

G0 TN 52

CALL ERRCR [ 54 120, ERCNT )
GO T 1209

CALL FCMVRTISFTYPE(I))
FTYPE(I} = SFTYPEL]}

PRICE ARRAYS

I

TIMLICI), CRCPALIN,

1« NMAROP)
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DATO1170
DATALLAD
DATO1190
DATQ1200
DATO1210
DAT21229
NATA1230
DATAL249
DATO1250
DATI1269
DATO127N
DATG1280
DATO1290
DATO1390
DATO1310
DATN1320
DATO1339
DATO1340
NATA1250
DATO136N0
DAT01370
DATO1330
DATO1350
DATO1490
NDATI141D
NATAL42D
NATO14730
DATIL440
DATO145%
NATNL4£0
DATO1470
DATI14R0
DATA1450
DATO15G)
DATO1510
DATI1520
DATD1520
DATO01540
DATN1559
DATO15£0
DATO157)
DATI1590
DATOL599
DATO1609
DATN1610
DATO01620
DATO1630
DATO1640
DATN1650
DATO16560
DATO167C
DATN1690
DAT 01690
DATQ17C0
DATOLT10
DATO1T720

NDAT21739
DATOL1740
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50 CALL FCNVRTI{XFTYPF([)) DATD17S50
CALL SCNVRTINSNILL!)) : . DATO1760
CALL TCNVRT(IMPCLS(I)) ) DATO1770

40 CONTINUE : ’ DATQLTHD

. . DATI17cn

: ’ DATQLAMND

WRITE OUT FARM MACHINE SYSTEM [NPUT DATA DATO1810

DATO1620

CALL PAGE . ) . NATO1830
WRITEINPENTR, 494} ' DATO1 RSN

494 FORMAT U LM o ZF277HFI2EFFFILTFTTE A6X, 40HR%Xx LEAST=-COST MACHINNATOL1E50

" 1ERY SYSTEM i 177 ) DATQL1860

WRITE[NPENTR, 4961 DAYT21870
496 FORMAT ( &1X, 8H FPR THE 177) : NATO13R%
WRITE(NPPNTR,498) NM1l, N42, NM3, NM4&, Nw5’ DATOD18GQ
498 FORMAT | 52%, S5A4, S5H FARM ) DATO1900
CALL PAGE DATQ1910
WRITE(N®PNTR,12301) DATD1920
1001 FNRMAT (1H , 26X, 13H INPUT VALUES/// 1} . : DATCL930
WRITE(NPRNTR,101) MMBRDPR, NMRATR, NMRROP, NMBRIM DATI194D

101 FARMAT{ 1H-423HNO, OF PROCESSING MNPSe=, I1344X423HND. OF TRANSPPRT DATH1950
10PS.= 4 13,4X, 19HNN, OF FIELD OPS. = +I3, 4X, 15HNO. OF IMPLS. = DATO1960

2y 13 ) DAT2197D
WRITE(NPENTR, 201) NATN19RD
201 FORMAT(1M=,4HS /HP 3%, THLARGESTy 3X +4HEST 4 43X, THTRACTOR, 6X, DATO1590
12HHP, 6Xy EHCUSTOM X THTRACTOR y3IX SHTRADE ,S5X 1 4HLOAD 4 X, DATO2000
24HRSUEL y 64X e 4HFUEL , 5%, 34HNIL } ' DATQ2010
WRITE(MNPRNTR,1017) DATO2020

1010 FORMAT (1H o 7X, THTRACTOR 44Xy 2HHP 43X 4 BHREPLRATF  3X, SHSTEPSTZE 42Xy DATHZ2N30
) 1BHINCONVe $ 94X s 4HLIFE (4 X THIN TIME, 3% , 8HFACTOR, 3X 4HTYPE ; 3X; SHE/GALDATIZNA)

2¢3X.HHE/GAL )} : DATOQZ2050
IFTYPE = TFTYPE DATH 2060
WRITE{NPRNTR,1011) PURTR, M4PPER, ESTHPL, FMTR, PLTAHP, C, XLIFEY, NATIZNTH
ITROMTT, XLFTQ, AFCNDE{YFTYPE), FPRICEIIFTYPE}, GPRICE(IFTYPE) NATA2CRO
1011 FORMAT(IH—- 1 Fau B9 Fl0eDsFTalsFlLlabeFTaleFlladeFldely : DATD 2090
IF11.0+F9a2+4XeA142X,2F9,2 ) . DATQ2100
WRITE(MPENTP,1013) . DATO2110

1013 FORMAT(1H-, 1GX,s 21HPROCESSING OPERATIONS ) DATOZ12N
WRITE(NPRNTR,1D14) DATO2120

1014 FORMATU1H=, 86X+ 4HNAME,1NX, 1BHENERGY, HP-HRS/TON,3X.THTONS/YR, / ) DATOZ140
WRITE(NPRNTR,1315)INPRL(I),NOR2{I), MPR3I(I), NPR4(I), NMPR5{I), JATQZ150
16(1), TAMSPRIT)}y I = 1.NMRRPR ) DATD21&0
1015 FORMAT(IH 3544,9X+Fl0el+72X+F10.0 1} - DATQ2170
WRITEINPYNTR, 1016} ‘ DATQ21R0

1016 FORMAT{lH-, 10X, 20HTRANSPORT OPERATIONS ) : DATO2191)
WRITE{NPENTR, 1917} ) QAT 2200

1017 FORMAT(1H=4 6X, 4HNAME, 1 OXy 1GHONE-WAY NIST, MILES3X,y THTONS/YR, JIDATD2210
WRITE(NPINTR,1015) (NTR1(T),s NTRZ(I)}y MTR3LL)}y NTR&(I)}y, NTRG(1}s OAT32220

IDISTRITI}y TONSTRI(T)s I = 1,NMRBRTRI DATD2220
CALL PARE NATD2240
WRITE(NPONTR,1121) NATN2250

1121 FOFMATILYL o TH XINDEX, 2X e SHNPERATINNy 4 X, 6HACPFSN, 1X, SHNSNTL 2 X, SHEPPATAZ240
LEED2Xy SHEFFRIC o IXsGHFFALTR L X 6HHPHRTT , 1 X SHCOYBIN, L Xy 6HTPAOWRDy 1X,NATO22 7D
ZGHSPLFTR, 1 Xy 0MIFTYPE, 1 Xg 6HFPRICE, 1 X, GHOPRICE /) DATDRZ2PYD

pn 1122 1 = 1, K¥aenp NATN22°0
IFTYPE = FTYPE(T) : \ DATN2300

1122 WRITF(NPRMTR,401) XINNEX(1)4NOPLIT )y NOP2LT), NOP3L{T), ACRESTII), NATOH231D

INSCOPEANSOILITY),y SPEED(T), EFFICII)y FFACTR(I)y HPHRTI(I}, NaTHZ327
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2CCMAIDLLY, TPOWRN({I), SPLFTRI{T), AFCODELIFTYPE), FFéICE(IFTY“FI, NAT02330

3NPRICE(IFTYPF) DATO?340
401 FORMATILIH FS5e0s3Xs3A4 01X FTa214X ALy 1XyTFTa294XeAL,1X:2F7,2) DATJ2350
CALL PAGE DATO023260
WRITE [NPPNTR,402) DAT02379

402 FNRMAT(1IH ,7H XINNEX, 22X OHOPERPATION,SX 6HAUXFNG, 1 X 6HXFTYPE,1X, DATI2380
146HFPRICE s 1 X¢OHNPRICE 4 L Xy AHAXMXHP 4 1 Xy 6HAXLFTR 31 X9 6HFFCTRX 41X y6HHPHENAT 32250

27 /) DATN2400
DO 1126 I = 1, NMBROP ’ NATO2417
IXTYPE = XFTYPE(T) DATR2420

1126 WRITE(NPPNTR, 403} XINDEX(T1},NOPL{I)y MCPZ2II)y NOPI{I1)y AUXENGIT), DAT(2430
1AFCONELTXTYPL ) 4FPRICF{IXTYDPE) ,OPRTICE(IXTYPE) s AXMXHP{I)AXLFTRIT), DATD2440

2FFCTRX{I), HPHITX(1) DATJ2450
403 FORMATI{LIH o+ FSaOs3Xe3A4 41 XeFTa2eaXsALs1Xs6F742) DATD2460
CALL PAGE ) DATQ2470
WPITEINPEMNTR,114) DATJ248D

114 FNRMAT{4X, AHXINDFX y6Xg 13HIMPL .y NUMBFR yZ2X4OHTMPLLS 92X y4HWMAX 22X,y DATN2490
1SHPURINg 2X o 6HXLTIFET g IX ¢ iTINNT 44Xy IHRMTy 5Xa SHTIML T, 3X4 SHCROPA 4 3X,DATC 25010

25HYIELD » 3X s SHVALUE 42X, 6HXTIMES /) DATH2510
WRITE{NPENTRySILIIXINOFXT 1) 4 NMCHLET) g NMCH2(TE,y MMCH3U(D), XTIMPLIT) 4NATUZ2S2D
1ICCOF{IMPCLS (I} )y WMAX(])y PURTID(I), XLIFEI{(TI}, TRNMTI(I}, DATI2530
ZRMI(I), TIMLILT)y CROPACIY),y YIELO(T)y VALUE(I)s XTIMES{I}, I = 1, DATO2540
AINMRROP ) : DATO2550
501 FORMAT(3X)F5.093Xs3A%1F6a1+5X0A142X+4FT70142F10e691F6a143F8.1 ) DATJ2540
CALL PAGF DATQ2570
WRITE(NPRNTR,116) DATN25A0

116 FORMAT{Z2X, AHXTHNDFEX 35Xy 1HE 33X oOHXLAROR 32X s SHXNOPS 42X +6HATTACH,1X, DATO2570
16HACTOTA 2X 3 4HPIIRA, 22Xy 6HXLTFEA, 1 Xy SHTRDMTA 54X 9 3HRMA, 4X, 6HXNDCTR , 1XDATO2420
2y6HCUSTOM, 2X, 6HRASUSD [ ) ; DATO2610

HRITEINPENTR,EO06(XIMNNEXITILE(T) . XLARDRLT )y, XMOPSIT), ATTACHI(I), DATC2:20
TACTOTA(T) s PURALT 4 XLIFEA{T )9 TRONTALT )9 RMALT Do XNRCTR(1)y CUSTOMOT ) 4DATOH2630

2BASUSD{I), T = 1, NMRRAOP] DATR2640

606 FORMAT(IH +F5.,001XyFTals2Xy TFTe2s FlOeby 2F8Bs2¢ FTe2 ) DATG2650

c DAT (2660
c DATO2670
c CHECK FOR DATA INPUT ERRORS DAT0Z2689
c - . DATO26%0
ERCNT = 0.0 DATO2700

CALL PAGE DATN2710

DO 3000 1 = 1,NMBROP DAY02720

IF ( ATTACH{I) LT, 2.0 } CALL FRRORIL 2,T14ERCNT ) DATQ2730

IF [ COMRID{I} «LT. 2.0 ) CALL FRROR( 3, I, ERCMT ) NATN2740

IF ( AUXENGII) oNEs 0«0 oANDs AUXENG{I) oNEs 120 ) CALL ERROR( 4, DAT92750

114 ERCNT ) - : NATI2760

IF ( TPOWRN(T) oNEs 0.0 oAND. TPOWRD(I} oNEs 140 ) CALL ERRNRIL 5, DATOZ2770

1Is ERCNT ) DATR2780

IF ( XNDCTRII) oNEs 0.0 oANDa XNDCTRIUI) oNEe 140 ) CALL ERRDOR( 6, NDATDZ27SO

114 ERCNT ) DATD2800

IF { ATTACH(I) .EQ. 0.0 ) 60O TO 3010 DATO02510

: IF [ RASUSDII) .LE, N0 ) CALL ERRNR ( By I, ERCNT) NATOZPZ2D
3010 IF (€ TPOWRDIT) LE0, 1s0 ) GO TO 3700 NAT0Z830
' IF ( SPLFTRUI) «LEes D47 ) CALL ERROP [ 124 1, ERCNT } DATQZ2840
3000 CNONTINIE DATOZRSN
IF | EACNT .6T. 0,0 ) 6N TO 1000 > DATO?R&ED
WRITE(NPONTZ,30320) DATO?870

3020 FORMAT(32H NO INPUT DATA ERRORS DETECTED ) DATI2RR0
RETURN DATJ2R9D

END DATO2900
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SUBROUTINE DFETVAL { 1, . HOMAX, XNTRS ) DETO0010

DET2DN20

DETQO020

DETERMIMES VALUES FNR CERTAIN VARIABLES FOR A GIVFN RETN204D
ITMPLEMENT WI{OTH, - DETDDOSH
DETO00AK0

DET20070

I =— IMPLEMENT NUMBFR ) DETOCOROD
HPMAX -- TOTAL TRACTOR HNRSEPOWER AVAILARLE BETOOLQD
XNTRS =—~ NUMBER [F TRACTORS IN FARM SYSTEM OFTOO0100
’ DETDOQL110

DETO012)

COMMON AREA OF INPUT DATA CDNDES FGR IMPLEMENTS, DETO212%
FUELS, AND SODILS : DETOO 14D
i : ) DETOOL1S0
COMMON AFCDNE(4), ICODE(4), NSCNOE{4) _ ) NETONL&0
: DETJ0179

’ DETOO180

COMMON AREA OF SCALAR VARIABLES : DEYOO1°0Q
DETQC2072

cnoMMnoM A, Cy DLTAHP, ESTHPL, FCPCTT, HPPER, HT, KPAGE, NCRDR, NML,NETI0210
INM2, NM3, M4, NMG, NMBRIM, NMRROP, MNMARPR, NMRRTR, NPRNTR,PPTRAC,DITON220
2PURTR,y RYTR, SMUNRGBD, SMNRGP, SMNRGT, TFTYPE, TPP, TPPI, TRONTT, NETACZ220

3XLFTR, XLIFET DET20240
DETOR25N

NETN0260

COMMON AREA OF ARRAY VARIABLES - ) DETOC270

DEYQO0280

COMMDN ACIMP(501, ACTMP1(5D), ACIMP2{50}, ACIMP3{E0}, ACTMCA(50), NET2029N
TACTMPS({S0) , ACTMPAISOD), ACTMPTISN), ACIMPE{SO), ACRESCOISN), AETANION
2ACTIDTAIS?)y ATTACH(SO), AUXENGLS50), AXHPLV(SD) s AXLFTR(S53), - NETJD310
ZAXMXHP(5N), HASUSDISO), CNTRCTISQ), COAMBINIS5Q), LOSTLIIS5N), NFTGG320

4COST2152), COSTILSI), COSTE(5D), COSTSISGY, COSTEL{SD), CNSTTISC), GETO233D
5CNSTE153), COSTIRAS0), CROPA{S5I)y CUSTOMISN), CUISD), DRPPTUHIL,4) ,0ETSD24N
6NISTR(%0)y NTNAHP(4), E(5D), EFFIC{S0}y FCPCTAISO)s FCPCTCI{5A), NETL0350

TFCPCTINSL )y FEFFIC{50), FEFICX(5G)s FFACTHR{SC)y FFCTRX(5D), DETS3260
BFFCTRC(SZ) ¢ FPRICEL %), FTYPE(SO), FUTLCISO,4), (50 DETCO370
COMMON HG{S50) s HPHRTC (500 » HPHRTI{S0), HPHRTX(S50), IMPCLSIS01], DETOC3RN
INCCONE(S0 1, MMOHLIS0DY, NMCH2(50}s MNMCH3I50), NMCHJILISD) RETCO390
ZNMCHUZI50) s NMOHU3(570y NDPLISD), MOP2{S0}, NUP3IS0), NPRL(SD), NETINGLO
ANPR2(GD), MPRI(S50), NPR4(50), MPRS{5C}s NSOIL[50}y NTR1(501), DFTQG410
4NTR2 (503, NTRI(S50}, NT24(511, NTRS(5C1} DETR0420
COMMON OCSMPALSO), QUSMPYISL), QIL(SN,4), GPRICFL 4}, PP(50}, NET 31430

LPURA(50), PURI(5G), PHRINISC), PURIC(50), QI50)y QALST), RMA[SO), DETING4D
28MT(50}, RMICIS0), ANATCHI(SD), FWNLS(4+4)y SFTYPE(S50), SNRGOT{SD),NETOCAS)
3SNRGOCISO) y SHRGP{SN)y SNORTIANY, SPDFF{SG), SPEED(SCIs SPHPLIS50}, DETIC4AD

4SPLFTRISC), SUMACIS0), SUMACCISN), TIMLILSD), TIMPMX(50), NETHC4TD

S5TONSPR{5J), TOMSTR(50}, TPOWRDISO), TRATIO(4), TREMIC(4 ), NETAG4RD

STRENTALS2), TRONTIISD), VALUEISD), WISC), WCIS5J), WMAX[50), WS(S01NETIN4CH

COMMDON XIMPLESO), XINDEX(SJ), X(50), XFTYPF(501, XLARCRISO), DETICSS0

IXLIFEA[SD)y XLIFFI(50), XNACTR(50), XNTMPS(SG), XNIMPC(50), © DET2C510

2XNOPSI53)y XNTRSN{50), XTIMESI50), YIELD(50}, Z{SC) DETOO520

L DETO2537

; DETONS40

INTTIALIZE DETD0550

L DETONS60

SOHB (1) = 0.0 : DETQASTO
XNIMPS(I) = O

7] DETOQS580
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QOO0 ON

AXHPLVIIL} = 0.0

NIMPS = 0 :

IF € WSIT} «MEs 0s2 ) NIMPS = WUI} / WSIUI} *+ 0,99999
XNIMPS(I) = NIvPS ’
DO 100 K1 = 1, MMARRQOP -

IF € X{T} -NFes XIMPL(K1) } GO TO 100
XNTRSMHIKL) = U.0 :

0(K1) = 0.0
QAIK1) = 0.0

FEFEICIKL} = 0.0
FEFICXIK1) = 0.0
OCSMPTIKL) = 0.0
DCSMPA(KL) = 0.0

IF ( TPOWRD(K1) ¥ CNTRCT{K1l} 4EQ. 0.0 )} GO TO 100

DETERMINE NUMRER OF TRACTORS TO BE USED IN OPERATION
Kl

80 IF | XNToSN(KL) * TIMPMX{T) ,GE. XNIMPS(1)) GO TO 100
XNTRSN{K1) = XNTRSM(K1) + 1.0
60 TN 80

105 CONTIMUE

CALCULATE AMOUNT OF TRACTOR HORSEPOWFR USEDR IN
OPERATION K2 OR CALCULATE REQUIPED HORSEPOWER OF
SELF-PROPELLED [MPLEMENT,

DO 200 K2 = 1, NMRRQOP ;

IF . X{1) NE. XIWPL{KZ) ) GO TO 200 ’ *
IF { TPOWRNIKZ) .FQ, 0.0 ) GO T+ 210

Q{K2) = XNTRSMI{KZ2) * HPMAX / XNTRS * CHTRCT(KZ)

GO Ta 220

CALCULATE SELF-PROPELLED HORSEPCWER

210 SPHP1 = SPEEN(KZ2) * W{l) / SPLFTRI{KZ) * (FFACTRI(K2) /(360.0 *
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DET00590
DETO060D
DETOCELD
DETOD629
DEYQC&T O
DET0U&40
NETOCE50
DETQOEEN
DETOC6T0O
DETQ06R0
DET20690
DETH0700
DETONTLO
DETNNT?D
DETODT720
DETAOT40
DETANTEN
NETQOT60
DETI0770
DETAQTED
DETQO7oN
NET0O800
DETNRA10
DETQCE20
DETQ0820
NETS50840
DFTI0RSN
DET00860
DETOCBTQ
DETOORS

DET02890
DETONSCH
DETHZ910
DETCOS20
DET20930
DET 30940
DETOCSS0
DETAC950
0ETONSTO

1DTCAHPINSOTLIKZ))) + HPHRTI(KZ2] #* YIELD(KZ] *= EFFIC(K21 / Ba25 I *DFTI0Q80

2CNTRLTIK2)
TF { SPHPL LGT. SPHP(I) ) SPHP{1) = SPHP]
220 1F | AUXENGIKZ)} * CNTRCT{KZ2) .NE. 1.0 } GO TD 200

CALCULATE AUXILIARY ENGINE HORSEPOWER

DETOO099N
DETO1002
DETA1010
DETO1020
DETO1030
DETI1N40
DETO1050

AHP = W1 ) * SPFED{K2) * (FFCTRX(KZ) / (360.0% DTQAH#{NSHILIKZI)IDFT?1960

1+ HPHRTX(K2) * YIELD{K2) * EFFICIKZ2) / 8425 ) / AXLFT2{K2)
IF [ AXHPLVI(I) LT+ AHP } AXHPLV(I] = AHP
200 CDNTINUE

COMPUTE FUEL EFFICIENCY AND DIL CONSUMPTION

*THIS PRAOGRAM CNMPUTES FuUEL ChNSU“PTiDN FOR EACH FIELD--
OPERATINNS, IT CONSIDERS THE NECREASE IN FUSL EFFICIEMNCY AS THE

DETOL070
NETH1NA0
DETN10S0
DETI1100
DETJL111N
DETO1120
DETO1130
DETN1140
DETAL150
BETOL140
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PERCFNTAGE LOAD NN THF POWER UNIT LFSSENS, THE.AVGRAGE VARTABLFE- DET31170

LNAN FNEL SEETCISMCY NF 118 TRACTORS TESTEN IN THE NEARASKA
TRACTNR TESTS SIMCF 19%8 IS USED
PARAADLIC CURVE IS FITTYEN TH THE TEST NATA FPR EACH DF THE THREE

{TABLE 2.2 IM HUMT (1)!.

NETIINAEL
NETO11%0
NETHIZ2NN

COMANN FRELSL  THE EDMATINN FNR THIS CURYF TS EXPRESSEND IN GALLONSRETI1210

PER MNDISFOOWER=HNIJA AND TS A FUNCTION OF THE PFRCENTAGE LOAD ON
THE PNAWER UNIT —-—WHETHFR TRACTIR,
ENGINE., EQUATINNS 22F

PROGRAMS !

NIL CONSUMPTINN AY PAWFR HNTTS, & SMALL COST, IS TNCLURED
AS & FUNCTINN NOF THE POWFR RATTNG NF THE ENGINF,

SELF=PROPELLED,
GIVFN INPIVIDUALLY FUR GASOLTME,
AND LP-GAS, THF FUEL MUST BE SELECTEN AT THE BEGINNING OF THE

DR AUXILTARY

DET21220
DETO1229
DETA1249
DETJ1259
DETO12¢&n
DETO1270
NETN12P0

IT IS CONSIODFREDDFETALZ2CD

TO 8F THE COIL CHAKGE VOLUIME DIVIDED RY THE RECAMMENDED NIL CHAMGE DETI1249
FREQUEMCY | TABLE 243 (1) e

DO 300 K3 = 1, NMBRAP
IF [ X{1) «MFe XIMPL(K3)

[FTYPE = FTYPE{K3}
IXTYPF = XFTYPE(X3)
IF { TPOWRNIK3) .EQ.
QAIK3) = AXHPLV(I)

IF { 0O(K3} .FQ. 0.0
CAtL FUEL ( IFTYPE,
CONTINUE

RETURN

END

A LFAST-SQUARES STRAIGHT LINE IS
FITTEN TGO THE DATA TN GIVE AN EX2RESSION IN GALLMANS PER HOUR.'

¥} GO 7O 300

0.0 1 QiK2) =

} 60 TN 300

IXTYPE,

K3,

11}

DETJ1310
DETO1329
DET01330
DET01340
DET01350
DEY01360
DETO1370
DETD1300
DET011350
DETO1400
DETO1410
DET01420
DETO1470
DETO1440
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ERROONLIO

SURROUTINE ERRDOR ( 110, 120, ERCNT )
ERRAQC20
FRAINGRD
REPORTS SPECIFIC ERROPS WHICH HAVE REEN DETECTED FRRNN240
- FRRONQSQO
’ : ERQINNALQ
COMMNN AREA NF INPUT DATA CODES FOR IMPLEMENTS, ERRAONTO
FUELS, AND SDILS ERRQ0ONED
. . ERR (N0
COMMON AFCODE(4Es ICNDEL%1s NSCODE(4) ERRONICO
ERRDCILN
ERRPIO120
COMMON Ay C, NDLTAHP, ESTHPL, FCPCTTe HPPER, HT, XPAGLF, NCRDR, NM1,FRR)N133)
INMZ, NM3, NM4, NME, MMARIM, NMARNP, NMBPPR, NMARTFR, NPRNTR,PPTRAC,FRN 30140
2PUJRTR, OMTR, SMMRGN, SMNRGP, SMNRGT, TFTYPE, TPP, TPPI, TRDNTT, EIROE150
IXLFTR, XLIFET ERR 0169
FRROO170
ERROOLRED
ERROR MESSAGES ERRODL9G
) ERRQG20]
ERCNT = ERCNT + 1.0 ERROQO21N
GN 7O ( 98, 12, 212, 312, 412, 512, 612, 812, 912, 28] 1, 110 ERRQO22D
98 CALL PAGE ERROQ230
WRITE ( NPRNTR, 1020 1} FRRJ2240
100 FNRMATI(IH ,///766H PURTR LLE. Oy AN ERRDR IN DATA DECK OR LAST PROBERRON2S5D
1LEM HAS REEN UN ) ERROQ260
CALL EXIT ERPOOZT0
12 WRITFINPRNTR,10121 120 ERE93290
1012 FNRMAT{IH ,///5%H ERROR IN DATA DECKe ATTACH LESS THAN 0.0 FOR OPECR 52490
1ERATION, 3X,14 ) oo . gEpRAN2ON
RETURN . ERRQC3I10
212 WRITE(MPRNTR.1212) 120 ° ERROC3Z0
T 1212 FORMAT(IH ,///777H  ERRJOR IN DATA DECK, COMBID SHOULD NOT BE LESS TEARGD330
1HAN C.0 FOR OPEFATION,3X,14 ) ERRDANI4LN
RETURN : ERPROG3ISH
312 WRITEINPRNTR,1312) 120 i ERRAOG36D
1312 FNRMATILH 4//7/5TH ERROR IN DATA DECK,s AUXENG NCT 1.0 OR D.0 FOR DRERPIO?TZ
1PERATINNG3X,[4 } EREDIIRD
RETURN ERRAC2GN
412 WRITEINPRMNTR,1412) T20 : ERRNG4ID
1412 FORMAT(1H L///5TH FEFROR IN DATA DECK, TPDWRD NOT 1.0 0OR 0.0 FOR QERRIQ410
LPERATION,3X,14 ) " ERRQN420
RETURN ERPOD430
512 WRITE(NPANTR,1512) 120 ERRJD&4LND
1512 FORMAT{1H ,///S7TH ERROR TN DATA DECK, XNDCTR NOT l«0 DR 0,0 FOR QOFRRNJ4S50
1PERATIONG3X,14 1} ERROO460
RETURN ERROJ4T
612 CALL PAGT ERRDC4ND
WRITE{MPRNTRy1612) 120 .ERRQD4C0
1612 FOPMATILIH L///STH ERROR IN EXECUTION, CNTRCT NCT 1.0 0IR 0.0 FNR OCRRIOS500
IPERATION3X, 14 |} " ERTNANS51N
RETURN FRRO0S520
12 WRITE (NPRMTR,1812) [20 ERRQO538
1812 FNAMAT [ 34H EPROR, ND RASUSD FAR OPFRATION r 14 ERRQNS4N
RETURN : ERRNNS550
912 WRITEINPRNT®,1912) 120 ERQQNSAD
1912 FORMATIIH ,///76TH  EERNA [N DATA NFECK,y SPLFTP MUST BE GREATER THANERRDINSTS
1 00 FOR NPERATION, 3X, [4,2X,3LIHSINCE IT IS NOT TRACTDP POWERED ) ERPJOARD
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281 CALL PAGE . ERE 00400
WRITE{RPRNTR,2911) 120 EAUARETD

2811 FARMAT(1H ,///62H ERRNR — NFGATIVE ACREAGE - COST COMPUTATION - 52fR200A20
1XX, IMPLEMENT43Xe14 ) ERPI043D
RETURN Eannieen

END : ERRO0650
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SURROUTINE EXPLMV { HP, FMHP, FNTRS, *, * |} EXPNOOL10

EXPOC029

EXe00930

MAKE FEXPLDRATORY MOVES FNR HNOKE AND JEEVFS PATTERN EX0J)040
SEARCH TN FIND THF IMNTERVAL 0OF UNCERTAINTY FOR EXPI0050
TRACTOR HORSEPOWER EXPOCCED
EXP30CTO

. : EXPOOGRN

COMMON ARFA DF INPUT DATA CONES FOR [MPLEMENTS, EXPuOTn0
FUELS, AND SOILS EXPOD1CO
EXPO0119

COMMNM AFCONE(4), ICODE(4), MSCODE(4) EXPa0120
EXPC213D

' 5 EXPNG140

COMMON AREA DOF SCALAR VARIABLES EXPLO150
EXPJ0160

COMMON &, C, DLTAHP, ESTHPL, FCPCTT, HPPER, HT, KPAGE, NCROR, MM1,EXPNN170
1N¥2, NM3, NM4, N45, MMPRIM, NMRROP, NYRRPR, KMBRTR, NPRNTR,PPTRAC,EXPNZL1F)
2PURTR, RPMTR, SMNRGO, SMNRGP, SMNRGT, TFTYPE, TPPy TPPI, TRONTT, EXPOCL190

AXLFTR,y XLIFET FXPOOZ0D
' EXPGQ219

EXPQ0Q220

HPE = HP + NLTAHP ) EXPQ0230
* CALL SELECT [ HPE, FNHPE,FNTRSE, L18, E1G ) EXPQ0240
RETUPN 1 EXPOC250
IF ( FNHPE = FNHO ) 30, 20, 20 EXP3C2¢0
HPE = HP — CLTAHP EXPOG2TC
IF [ HPE LT, 1.0 ) HPE = 1.0 EXPOO2R0
CALL "SELECT ( HPE, FNHPE,FNTRSE, &2B, E25 ) EXPO0290
RETURN 1 EXPIC36G
IF { FNHPE - FNHP } 30+ 404 40 ‘ EXPOLZ210
FNHP = FNHPE EXPOC320
FNTRS = FNTRSE : EXPCG339
HP = HPE EXPOU340
RETURN 2 EXPOD350

40

END EXPQOO360
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1000

1005
1010

1915
1020

1025

SURRDUTINE FCNVRT (FCODE)

CONVERT ALPHARETIC INPUT FUEL CODE, FCODE, TO A
'NUMBER : :

COMMON AREA OF INPUT DATA CCDES FOR IMPLEMENTS,
FUELSs AND SCILS P

COMMON AFCODE{4&4), ICODE{4}, NSCODE(4)

IF( FCODE - AFCODE(1l) ) 1005, 1000, 1205

FCODE = 1.9

RETURN

IF ( FCODE — AFCODE(2)) 1015, 1010, 1015
FCOANE = 2.0

RETURN _

IF { FCODS - AFCODE{3)} 1025, 1020, 1025
FCONE = 3.0

RE TURN

FCONE = 4,0

RFTURN

END
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FCNOOOLO
FCNODA20
FCNOQO30
FCNODO4D
FCNODOS50
FCNNCO&LD
FCNADSTO
FENQOQRO
FCNQOC9Q
FCNOOl0D
FCNOD110
FCNOO120
FCNOOL 20
FCNOD140
FENNNL R0
FENOG1ED
FCNOO170
FCNOO1ED
FCNDQ199
FCNOQ200
FCNOQZ210
FCNOD 229
FCNONZ3N
FCNDOQ240
FCNQD250
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SURROUTINE FCPIFCPVAL, XLIFF, TRDIMA) FCPOOD10

‘ FCPODN20Q

FCPNOC 30

COMPUTES FIXED COST PERCENTAGE FOR TRACTOR, FCPJOG4N

[MPLEMENT, NR [MPLEMENT ATTACHMENT FCPADOSD

: ’ FCPOCOAO

FCPANOTD

FCPVAL -~ FIXEND €OST PERCENTAGE VALUE FCPCNURD

XLIFE —— EXPECTED LIFE OF EQUIPMENT FCPOOORD

TRDINA == EXPECTED TRARE=-IN AGE OF EQUIPMENT FCPON100

FCPODLLA

‘ FCPOO120

IF [ XLIFE - TRDINA } 1,1, 2 : _ FCPOG13D

1 FCPVAL = 0.06 + 0.9/ XLIFE : FCPON14)
RETURN # FCPOO1S0

2 FCPVAL = 0,06 + 148 / ( XLIFE + TRDINA ) FCPON16G
RE TURN FCPOO170

END FCPOCLAND
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SURRNUTINE FUELT TFETYPFy IXTYPE, I, J ) FUE00010

FUEQND20
FUE0AN30

CALCULATES FUEL EFFICIEMCY AND NIL CONSUMPTIGN RATE  FUF 30040
FOR ALL ENGINES IN THE FAPM MACHINE SYSTEM, FUF 00050
‘ ‘ FUEQQCAD
FUF00070

IFTYPE —= FUEL TYPE OF TRACTOR OR SELF=-PROPELLED FUERNCRO
IMPLEMENT FUEQQO<O

IXTYPE —= FUEL TYPE NF AUXILIARY ENGINE FUECD120
1 —— OPERATINN NUMBER FUENC110

J == IMBLEMENT NUMRER FUENN120

: FUF 00130

FUED0140

COMMON AREA NF [NPUT NATA CODES FOR IMPLEMENTS, FUF20150
FUELS, AND SOTLS FUE07160
FUEOOLT70

COMMON AFCODE(4), TCNDE{4), NSCODE(4} FUFQO1RN
_ . FUE00150

_ FUEGO200

COMMON AREA OF SCALAR VARTABLES FUF00213
FUE00220

COMMON A, C, DLTAHP, ESTHPL, FCPCTT, HPPER, HT, KPAGE, NCRMOR, NM1,FUn0?20
INM2, NM3, NM4, NM5, NMARIM, NMAROP, NMPRPR, NMRRTR, NPRNTR,PPTRAC,FIIFIQZ4d
2PURTR, RMTR, SMNRGD, SWNRGP, SMNRGT, TFTYPE, TP, TPPI, TRDNTT, FUFJ02¢0

3IXLFTR, XLIFET FUF 00260
: FUED0270

FUEDO280

COMMON AREA OF ARRAY VARTABLES FUERNQ290

' . FUEQN3NO0

COMMAN ACTWP{50), ACIMP1(50), ACIMP2(50), ACIMP3[50}, ACIMP4(50), FUF3J3LN
AACIMPS(55) , ACIMPA(SA), ACIMPT(SJ), ACIMPS(53}, AC2ESN(50), FUESN320
2ACTOTALSG) s ATTACHISO), AUXEMG{S50)s AXHPLV{S5C), AXLFTR(50), FUEQG322
SAXMXMP (50}, DASUSD(50)y CNTRPCTI52), COMIIG(S5D), COSTI(59), FIENR240

4C0DST2({50), COST3(50), COST4LG3), COSTS{50), COSTE(50). COSTTIS5Q), FUTIG35D
SCOSTE{50), CASTINISO)s CROPA(S0), CUSTOM{303), CUISN)y DBPRTW{4,4),FUFD03ED
BDISTR{S50), DTNAHPI(4)}, E(SQ), EFFIC(50}, FCPCTA(S5I}, FCPCTC{S0), FUE0QZT0

TFCPCTI(5D), FEFFICISA), FEFICX{50), FFACTR{S50), FFCTRXLS50). FUFIN380
BFFCTRC(50) 4 FORICE(-4)+ FTYPEISO), FUFLCISU.4)s GI35D) FUEQ4320
COMMIN HD{50), HPHPTCI50), HPHRTI(S55), HPHRTX{50), L4PCL5{50), FIE20400
INCCODE{STY, NMCHLISO)y NMCHZ2{501, NMCH3{53), NMCHJIL(SC), FUEQG410
ZNMCHI2(50) , MMCHI3Z(50) s NN21(50) s NOP2{5(), NOP3(53), NPRLI(5D], FUEDN420
ANPR2150), NPR3I{50), MPR&4(S5N), MPR5(52), NSOIL{S0)s NTR1{50}, FUFQN420
4NTR2(SD), MTRP3I[SQ1, NTR4(51), NTR5(S0) FUENG447
COMMON OCSMPALSO)y OCSMPTISO), DILIGO.%4), NPRICEL 43, PPLS0O}, FUFLO4S0

1PURAILS0)y PURLI(50}y PURIDISO )y PURICISON, QUSD)y QAL{S50),y FMALISO), FUFQ04A0
2RMII5N), BMICL5A), ANATCH{S53) s RWNLS(&, 4}, SFTYPE(53). SNRGOIIS0),FUEDNSTI
3SNRGOCIS0) y SNRGPISO), SNRGT(501, SPOFFISG), SPTEN(50), SPHP(SD), FUTCD4R0

4SPLFTR(5U) s SUMACISD)}y SUMACC(SOY, TIMLI(53), TIMPMX(SD), FUEND49)
STONSPR{S50Y, TONSTRISO), TPOWRND(SO), TRATIN{&4}, TEENUCLI4), FITEDNSO0
6TRONTA(S2), TRONTI(S0), VALUE(SN), W(SN)}, WLISO)y WMAX{S5Q), WS{S5MFUTLO510
COMMON XTMPLISA)y XIMNEX(S5T), X{5Z), XFTYPE{SD), XLABDR{SD)}, FFD0520

IXLIFEALS0Y, XLIFTELSD)y XNOCTR{SO}, XNIMPS(50), XNIMPC{S5D), FHUEDS530
2XNOPS (501, XNTRSNI50D), XTIMES({S0)s YIELD{5Q)., Z{5C) FULQNS4AG
FUEQCSS0

: ‘ FUTNCS60

CALCULATIONS FOR TRACTNR PODWERED OR SELF PROPELLED FLIEQOSTO

TMPLEMENTS FUEOCS560
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Cl = { wilJt = SPFED{T) * ({FFACTR(1} + FFCTRC{I)) 7 { 360.0 *

INTOAHPINSOTLIT I i+ {HPHRTT{T) + HPHRTCII)) *= YIELD(I) # EFFIC{]) /FUFrosip

2 Bu.25 )} / QL)
GO TO ( 45, 47y 49 )y [FTYPE

45 FEFFICII)
OCSMPT LI
G0 TO 51

#7 FEFFIC{I)
OCSMPT (T
GO T(Q 51

49 FEFFICIT}
OCSMPT(1)

*3¥2GASOL INE*#%3#

N.54 % L1 + 0462 = 0,04 * SQORT{ 697,0 * Cl )
0,00011 * Q(I) + 0.C0657

-

wxx¥D]ESEL#2%x

Na.52 ¥ €1 + N,768 - N.04 * SQRTL T38.5 * C1 + 173.0 1)

0.,20021 * Q(1} + 0.CO573

*RRL P GASkR %%

0.534 = €1 + 0,618 — J.04 ¥ SORT( 645.9 * C1 }

0.,00008 * QII) + Q.u0T5

CALCULATIONS FOR AUXILIARY ENGINES

51 IF { AUXENGUIY NE. 140 } RETURN

€2 = { WiJ} = SPFED(L)} * ( FFCTRX(T} / (360.0 * DTDAHP{NSOIL{I))

14 HPHRTX(I) * YIELD{I1) * EFFIC(I)} / %.25 }) / QALI)
GO TO { 45,

46 FEFICX{I]
ocsmratl)
RETURN

48 FEFICX(I}
OCSMPA(T}
RETURN

S0 FEFICX{I}
OCSMPALT)
RETHAN
END

inou

Ih

48, 50 14 IXTYPE
4k #GASOLTNE # & 4%

N.54 = C2 + 0462 — 0a04 * SORT[ 6970 * C2 }
C.0001l1 * QA{I) + 0.00657

*AEAD [ ESEL %k
0.00021 * 0ALI) + 0.00573

$EEELP GASHENR

D534 % 02 + 0,618 — D046 % SORT( 645.,9 * (2
0,00008 # QALI)#0.0075

6.52 = C2 + 0,768 - 0,04 * SOQRT{ 738.5 * €2 + 173.0 )
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FUEODS?Q

FUFDCEDOD

FUEQNERD
FUEQUCE30
FUEQCH4D
FUEDLBH50
FUFN2ERD
FUENCHTI
FUEQCEPD
FUFOD&=)
FUEQ 700
FUEDNT1O
FUED0T20
FUEQDT20
FUFON740
FUFDCGT50
FUFDNT£0
FUEGRTTO
FUEODTE0
FUECO7<0
Furocen)
FUC2(210
FUENCR2Z0
FUEQNAZD
FUEQLE40
FUroeasy
FUEQC 60
FUrFonaTn
FUEA0ERD

JFUE 32090

FUrncsag
FUEODSLD
FUELNS20
FUFENCS3d
FUEQCS40
FUEOCSSO
FUENDSED
FUEQCSTO
FUEQQCSRO
FUEDQS29
FUED1COD
FUEOD101D
FUEQ1020
FUEN132D
FUEQLC40
FUEQ1C50
FUEOLQ60
FUEDLILTD
FUralced
FUEQLOSN
FULO1110
FUEQ1119D
FUCD1120
FUEO1130
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SUBROUTINE HPEST { BSHPN ) HPEQQO10
’ . HPEOOG20

HPEDNN3D

CALCULATES AN ESTIMATE NF THE OPTIMUM TRACTOR HPFOGCLN

HORSEPOWER . HPEQNQ5Q

HPEQQOA0

‘ HPEQDCTH

BSHPN —= CALCULATED ESTIMATE OF OPTIMUM TPACTOR HPELNC.NAD

HORSEPNWER . HPEQDOQ

' HPEND1NON

HPERI110

COMMON AREA NF [INPUT DATA CODES FOR IMPLEMENTS, HPEQON120

FUELSs AND SOILS HPEQOD1120

: HPEQDI140

COMMON AFCONEl4)s ICCDE{&}, NSCODE{4) ) HPFQO154Q
HPENC 160

HPEQOLITD

COMMON AREA OF SCALAR VARIABRLES HPEOO1FD

HPENC1eD

COMMNN A4 Cy PDLTAHP, ESTHPL, FCPCTT, HPPER, HT, KPAGE, NCRNR, NM] HPEA2290
INM2, NM3, NM4, NY5, NMERIM, M3ROP, MMRRPR, NMRRTR, NPENTR,PPTRAC,HOFI;210
2PURTR, RMTK, SMNRGOy SYNRAP, SMNRGT, TFTYPE, TPP, TPPI, TRDNTT, HPEQD220

IXLFTR, XLIFET ‘ HPEQC230
’ : : HPEDNZ40
: HPEQD?50

COMMON AREA OF ARRAY VARTABLES HPEQD 260D

HPFOO02T70

COMMON ACIMP(57), ACIMPL(S50), ACIMP21S50), ACIMP3{50), ACIMP4(50), HPENQ2ZR]
1ACIMPS(5C), ACIMPA(S5D]y ACIMPTISS3 ), ACIMPI(50), ACRESO(50), HPEQC2cD
2ACTOTALS:Y, ATTACHIGNY, AUXENAGLSD), AXHPLY{Sd), AXLFTR(SD), HPFQ22070
AAXMYXHP {52}, PASUSDISO}, CNTRCTIS5D), CAO¥RIN(SDY, COSTLISDD, - HREDN3L10

4CNST2(57)y COST2(50), CAST4L50), CNST5(50), COSTHISO), COSTTI5G), HPENL2ZN
SCNSTA{S0), COSTIN{SOl, CROAPA(SD), CUSTOMASG), CUISD), DRPRTH(4,4),HPFOT3R0
6DTISTR{5D) . NTRAHPL{4), E(5D)y EFFIC(5)), FCRCTAISD), FCPCTC(SD], HPELN34N

TFCPCTI(50), FEFFIC{SC)y FEFICX(50)s FFACTRIS50}, FFCTEX{S0), HPEQO350
8FFCTRCISO), FPRICE( &}, FTYPL(S50), FUSLC(53,4), GI50) HPEQU3ATD
COMMNN HNI59), HPHRTCI5)), HPHRTI(50), HPHRTX{501, I[MPLLSI50), HPEDQATE
INCCONELSD ), NMCHL(50)s MACH2{52), NMCH3I(SU), NMCHIL(S5C), HREQM3ND
2RMCHJ2{5)) 4 MMCHIZ{S50), NOPLISU), NCP2{5C), NOP3(S50), MPRL(S5D]), HPEQGD3Q0
3NPR2{52), MNPR3{50)s NPP&(57), MPRS5(S5D)s NSNTL{5C)s NTR1{50), HPFE QD400
4NTR2{52)y NTRI(50)y NTR&{(57}, NTRS{S5D} - HPEDD4L10
COMMON NCSMPALST), OCSMPT(SC)s DIL{SOs4)s OPRICF{ 4}y PPI501, HPECDA20

1PURA{50), PHRTI{S0), PURINISG), PURICI(SDI, QUS0), QALSC). RMA{SD}, HPFIC430
2ZRMI(50)y RMICIS01, PNATCHISN),y RWNLS{4441s SFTYPF(53],s SNRGOL(SD)HPEXNGAD
3SNRGOC(5C), SNRGPL50), SMRGTIS50}y SPNFFI30), SPEFDIS53), SPHP(SQ). HPEODASD

4SPLFTRI(5Q) ¢ SUMACIS50) s SUMACC(SD), TIMLIISQ), TIMPUX{SS), HPEQU450
STONSPR(50), TCNSTRIS0), TeNWRD(S5G), TRATID(4), TREDUCTA ). HPFEQCLTO
6TRDNTALIS0) . TEONTI(5N), VALUEISD), W{S0)y WCISQ), WMAXIAOD), WS(SD)IHPFOO04BD
COMMON XI¥PL(SO), XINDEX[53), X{503}, XFTYRE(S5N), XLARDR(GCY, HPT1N450

IXLIFEA(SD), XLIFET(50), XNNCTR{5I), XNIMPS{5UG)y XNIMPC{5Q), HPE OQ5CH)
ZXNDPS{S0),y XNTRSM{50)e XTIMES(S0)y YIELD{SOQ)s ZI5C1} - HPEGUS1N
. HPFOQ529

o HPEONS530

INITIALIZE ’ . HPENDS4D

HPTQOARSN

CALL INITLZ (S4CAST ) ' ' _ HPEQOS60

N) 90 t = 1, NMRRIM : HPEDQSTO

90 SPDFFII) = 0.0 HPEOOS80
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DETERMINE THF GREATEST VALUE 0OF SPFED TIMES FORCE
FACTOR FOR FACH IMPLEMENT
DD 100 1 = 1, NMRRIM
DO 100 J = 1, NMRPAP
IF { TPOWRD(Jl * CMTROT(J) E0. D40 ) 60 T 100
TF . X(I) MNFe XIMPLLJ) ) 6D TO 100
SEF = SPEFD{JI=((FFACTRLY) +FFCTRCIJY } /7 (260.D *
1IDTOAHPINSATLIJ Y)Y+ (HPHRYTILJ) + HPHRTC{J)) = YIELD(J}
2% EFFIC{J) [/ 2.25 )
IF { SFF .GT. SPDFFII) ) SPDFF{I) = SFF
100 CONTINUE

COMPUTE THE OPTIMUM HORSEPOWER
SUML = 0.0
SUM2 = 0.0
PN 200 1 = 1, NMARIM
DO 200 J = 1. AMRROP
IF ( TPOWRDU(J] * CNTRCTIJ) +EQ. 0.0 ) GO TO 200
IF { XU1) «NE. XIMPL{J) } GO TO 200
FACTORS CONCFRNING ENGINE OIL FOR TRACTOR
IFTYPE = FTYPE(J)
GO 70 { 1381, 182+ 183 1, IFTYPE
GASCLINE
181 TROIL = 0.00657 * OPRICE{1}
6D TD 134 s
DIESEL
182 TRAOIL = 0.00573 * OPRICE(2)
GO TO 184
LP GAS

183 TRDIL = 0.0075 * OPRICE{3)

FACTORS CONCERNING ENGINE DIL FOR AUXILIARY ENGINES.

1B4 AUXOIL = 0.0
IF | AUXENG(J) «NFe 140 ) 6O TO LIRS
IXTYPE = XFTYPE(J)
GO TN ( 135, 18&, 187 ), IXTYPE

GASOL INE
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HPEDOS9D
HPFO0OADD
HPEQC6H1D
HPEQLUAR?O
HPFOC630
HPEQMR640
HPFCO&50
HPEQDALD
HPFOO&TQ
HPEODARND
HPEDQLESD
HPFODT7CQ
HPEDOT10
HPEQOTZ2D
HPEADT2D
HPEQOT40
HPEOOT7SC
HPEQLTED
HPFENGTTO
HPEOQCO T80
HPFJO0T40
HPECGOEON
HPEQCRLD
HPEQQB2D
HPEQDS3D
HPEQORALD
HPEQOAS0
HPCOOBAD
HPEDOETO
HPESOERE
HPEQOR<D
HPEQOCSND
HPECNGLIN
HPEOQD20
HPEQOS30
HPEQCS40
HPELDS50
HPEGQ960
HPEQDSTO
HPEQOSRD
HPEQQ9SC
HPEQLNCO
HPEQ1Q10
HPEQL1020
HPEOL1C30
HPED1040
HPEOLNSO
HPEQ104D
HPESIODTO
HPEQLIDFN
HPEQL1090
HRFO1100
HPEJ111D
HPENL1120
HPED113N
HPEN114D
HPFN1150
HPED11460
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HPEO1170

185 AUXDIL = 0.004657 * OPPICE(1l) _ . HPEAL11IRD
GO TO 188 ~ HPEOL1"™)
HPENL 20D

_ - HPEQ1210

DIESEL : HPEOL12?20

‘ HPEQY 20

186 AUXDIL = 0.00573 *= DPRICE{2) HPEQL 247
G0 TD 188 ; _ HPED1250

- : HPEQL26D

: HPFO1277

LP GAS HPEQG12PRA

: ; HPEQLI 20
187 AUXOIL = 0.0D07S * NPRICE(3) HPEQL1300
188 SUML = SUML + 8,25 # ACRESOC(U) % SPDFF{I) % ( XNAPS(J) ¢ AUXOIL) /HPEDL2]D
10 SPEEN(Y) * EFFIC(J) * XLFTR ) HPFO137)
SUM2 = SUMZ + 9,25 * ACRESN(J) = SPDFF(I) * (TRCIL + XLARDR{J) + HPEJLIZD
ITIMLTILS) = CROPALJY = YTFLD{J) ¢ VALUELJII)/ (SPEED(J) * EFFICIJ] HPRQ1347

2% XTIMES{J) * XLFTR ) ‘ HPF Q1350
200 CONTINUE HPEO13&0
SUM3 = 0.0 HPED1370

* : HPEO13F0

HPEQL13299

FACTORS CONCERNING FIXED COSTS HPED14G0

. HPEG141C

DO 310 I = 1, NMBRIM HPEO1420

TF (SPDFF(I) .EQe Q.0 ) A0 TO 310 s HPEJ 1430
SUM3 = SUM3 ¢ FCRCTI(I) % PURI(I) # XLFTR / SPDFF(I] HPFO1440

IF [ RNATCHII) «FEDe D.0 ) GO TO 310 HPEQRT450
NATCH = RNATCH(T) . _ HPENT 4k0

Dft 305 INA = 1, NATCH ‘ . HPEQ147D
CRINA = INA . : HPEZ1460
DO 200 K1 = 1, NMRROP . HPLO14<n

IF ( CNTRCT{K1) .59, 0.0 ) GO TO 300 HPED15M)

IF { X(I) .NE, RASUSDI(K]) ) GO TO 330 E HPEJL1S51T

IF { ATTACHIKL) .NE. RINA} GO TO 200 HPEOL1522
SUM3 = SUM3 + PURA(K1) * FCPCTAIK1l) * XLFTR / SPDFF(I) HPEQ1520

GO TO 305 ‘ o HPEQ1540

300 CONTINUE : : HPED155%
305 CONTINUE ) : HPEQLS5ED
3210 CONTINUE : HPEQL15TO
. SUM3 = SUM3 + FCPCTT # PURTR % SMNRGO/(SMNRGP + SMNRGT + SMNRGD)Y HPEQ1S53)
BSHPM = SQRT((SUM1 + SUM2 1} / SUM3 ) ’ HPED1590
RETURN : HPEQ1600

END - . HPEQ161C
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SUBROUTINE ICNVRT{NICODE)

169

1CNOON1D
ICN3NG20
1CNT22070

CONVERT ALPHABETIC INPUT IMPLEMENT CODE, NICODPE, TO AICNICCAO

NUMBER 4
COMMOGN AREA DF INPUT NDATA CODES FOR IMPLEMENTS,
FUELS, AND SOILS

COMMON AFCODE(41, ICODEl4), NSCCDE(4)

IF {MICODE -~ TICODE(L})} 1035+ 100, 105

NICNOE = 1 4
RETURN

1F (NICODE - ICODEI(2)) 115, 110, 115
NICADE = 2

RETURN

IFf (NIGANE - ICODE(3)) 125, 120, 125
NICODE = 3

RETURN

NICANE = &

RETURN

END

ICNJCCSO0
1CNOOGHD
1CNADOT0
ICNIDCRE
1CNDOOSN
TCNOC 100
ICNOOL LD
ICNOGT2N
ICN20 1360
ICNOC 140
1CN30150
1CNQO1RD
ICNCOLTO
ICNND1ROD
1CNND190
ICNOD2GO
ICNOG211
1CNDO220
ICND0230
ICNRD249
ICNOQ250
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SURROUTINE IMPAC { TRIALW, ACNST, I, HPMAX, XNTRS ) IMPOOOI10
‘ - 1MPOOOPO

IMPOOO30

-COMPUTES ANNUAL CNST FOR IMPLEMENT | IMPOOC4O
. IMEO0050

IMPICCH0D

TRIALW —— TRTAL IMPLEMENT WINTH FOR TMPLEMENT I IMPOCDTO
ACOST —— ANNUAL CODST NF TMPLEMENT I . {Me00NRYD

I == TYPLEMEMT NUMNER IMPNCOND
HPMAX —— TDTAL TRACTOR HORSEPOWER AVAILARLE IMPOQLING
XNTRS ~— NUMRFR NF TRACTCRS IN FARM MACHINE SYSTEM [MP3S110
IMP0OD120

I¥P20129

COMMON AREA OF INPUT DATA CDDFS FOR IHPLEMENTS. IMPOD140
FUELS, AND SDILS IMPNO1SO
IMPOOL&N

COMMON AFCODE (4}, ICONE{4), NSCODE(4) 3 IMPOOLTO
' : : IMPOD1RQ

; : IvpO0O1o0

COMMON AREA DF SCALAR VARIABLES IMPRG2720
IMPONI210

CAMANN A, C, DLTAHP, ESTHPL, FCPLTT, HPPER, HT, KPAGE, NCROR, NM1l,IMPAN2ZQH
INM2, N¥3, N¥4, NMS, NMBRIM, NMBRQP, NMRRPR, NMBRTR, NPRNTR,PPTRAC,IYC]023N

2PURTR, RMTR, SMMRGO, SMNRGP, SMNRGT, TFTYPE, TPP, TPPI, TRDNTT, [MPAQ240

AXLFTR, XLIFEY s IMPOD250
IMPA026D

IMPOO270

COMMON AREA OF ARRAY VARIARLES ) IMPOO28]D

MPAN290

COMMAN ACTMP{SD), ACIMPLISO)y ACIMPZ(50), ACIMP3(E0), ACIMBL{SNY, IMPANZ22D
1ACIMPS(S0), ACTIMPA(50), ACIMPTIS0)y ACIMPE(5Q), ACRESOIS50)s - {¥pPON310
2ACTOTA{SDY, ATTACH(SO)y AUXENGISU), AXHPLVISO), AXLFTRIS5N), i¥enp220
IAXMXHP{50), RASUSD(50), CNTRCTI(50), COMBINISU), COSTLI(5T), Menc3in

4COST2(50)« FOST2(59), CGST4(5D), CCSTS{S}, COSTE(SH). COSTTISG ). IMPI2360
S5COSTAISO), COSTIN{50), CYNPA(ST), CUSTOM{50), CUISD),y N3PRTW(4,4},1MP32350
6NTSTR(50), DTCAHPI4), E{50), EFFIC(50), FCPLTA(S5C), FCPCTCESOI, I#01J3460

TECPCTI{50), FEFFIC{50), FEFICX{50), FFACTRIS50), FFCTRXI(50), T4P30370
BFFCTRC(SQ)}, FPRICF{ 4), FTYPE(50), FUELC(50+4), GI50) IMPON3RYD
COMMNON HN(5D), HPHRTEL(SN), HPHRTI(SN), HPHRTX{50), TMPCLSI5D), IMP 30300
INCCONE(S0Y e NMEHLIE0), NMCH2(0501, MMCH3{50}, NMCHJL1{50}, 1MPO0400
2NMCHJ21501, NMCHJ3{50), NOPLISO), NOP2{5({1, NOP3(50), MPR1{50), IMPOOAL0
INPR2{SDY}, NP3ISCH, NPR4[57) e NPRS(S52), NSNILIS0)s NTRLLSQY, IMPON&20
4NTR21{501, NTR3{50), NTR4{50}. NTR5{57) 1TMe00430
COMMON OCSMPA(50), OCSMPT(50), DIL(50,4)}, DPRICEL 41}, PP(SO)u {MPONALD)

1PURA(50), PURT{S0), PURIN(SO}, PURICIST), Q(50), QAISO), PMAL5D], 14PI0450
2RMI{501, RYIC{S0), RNATCHIS0), 7PWNLS{4,4)s SFTYPELSD), SMNEeGOT(50),14P00460
3SNRGACISD), SHPGPISO), SMRGTIS5C), SPDFF(50), SPEEN(501. SPHP(5Q), TMPQO4T0

4SPLFETRISN) , SUMACISN), SUMACCI{S0). TIMLI(SO1, TIMPMX{50], 1MPO04R0D
ETONSPR{501, TONSTR{59), TPOWRNISQ), TRATIN[4}y TRENDUC(A4), MP3C490
6TRONTA(S)), T2ANTI(SO), VALUSLSAY, w50}, WCIS50), WMAX(S0}, WSISO}I4PILSND
COMMNN XTMPLI52) s XINDEXLS5Q)}, X{S52), XFTYPELSD), XLARDR(SD), IMPO0OS10

1XLIFFALSO), XLIFEI(SD), XNDCTRI53)y XMIMPS(50), XNIMPCUI50), ©IMP0D520
2XNOPS{50), XNTRSNUS0), XTIMESIS50)y YIELO(SU3)s Z2(5Q) 1MPOOSS0
. o IMP 00540

IMPOC550

INITIALIZE : IMPOOSED

IMPONSTO

Wi{l} = TRIALW 1MPOOSRD
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100
105
114

ACIMPY(T)
ACTH¥PZ2(T)
ACIMP3(I}
ACTIYP4(T)
ACIvPS(])
ACIMRA( ()
ACIPTIT)
ACIMDA(T)
AC14P{1Y = O,
CALL DETVAL ( Iy HPMAX, XMTRS }
TF [ TRIALW «EQ4 240 } RETURN

(&7 I o B & B o)
.

oW H W

CALCULATE [IMPLEMENT ANNUAL COST

FIXED CNST OF I[MPLEMENT

IF { RMATCH{TI) .F24 0.0 ) G0 TD 114
NATCH = RHATCHI(T)

DO 105 INA = 1, NATCH

RTIHA = INA

D0 100 K1 = 1, N“RROP

IF { CMTRCTIK]) 7. S0 ) GN 7O 1350
IF { X{L) ,t=s RASUSOIKL)) 67 TN 130
IF { ATTACH(IXL) MNE, RINA ) 0 T3J 180

ACIMPLI{1) = ACI¥PL(I) + PURA[K]) *= FCPCTA{KLl)} = TRIALW

GO 1o 105
CONTINUE
CONT INUEC

ACIMPL{I) = ACIMPL(I) + PURI(I) * FCPCTI(I} * TRIALW

G0 260 K3 = 1, Nuernp

H = 8,25 % ACRFSTUIKA) / { SPEENI[X3} * TRIALW * EFFICIK3) )

If § CNTRCTIKS) LE7%. ©u2 ) 50 T 2020
IF { X(I) 4Se XTMPLIKZ) )} GO TO 170

IFTYPE = FTYPE(K3)
IXTYPE = FTYPE(X3)

FIXED COST OF TRACTNR

ACIMDZ(T) = ACIMBZ(I) & SNIGOTIK3) * SCPCTT * PURTR ¥ Q{K3) *

ITPCHRD(X3) F (SMNRGP ¢ SMNRGT + SMNRGD )

COST OF LARCR

ACIMP3(I) = ACIMPRLI) + H * { XNOPS(K3) * XNIMPSII) + XNTRSN(X3)

1% XLABOR{X3) = TPOWRD{K3l /7 XTIMES{X3} )
CAST OF TIMELINESS
ACTMPL(T) = ACTMO4{[) + H = TIMLIIK3) * CROPAIK3)

IVALUEIKI) f XTTY=S5{K2)

COST OF FUEL

# YIELDIKI)

*®

171

IMPOO5%50
ITMPO0AND
IMPO0610
IMPROR20
IMPOOA3D
THPCNG64D
MO 6R)
1¥e006eR0
IMPACETO
IMPROGRD
IMPQOATO
1MPOQTCO
IMPCCTLN
IMPQ0T729
IMPCGOT730
I¥PoQ 740
IMPNOT75N
IMPOO 760
Meas7TR
IMPAOTAD
TMPOQ TS0
{MPERR(CD
IMPOGHLO
IMPGNOR2D
IMpooras
I*PNOB4N
14pPO0OES)
IvwponasQ
upcaRyg
IMpR0ERN
IMPRCESN
IMPCONGN
IvpCnGln
IMPOGNZS
IMPL92R
IMPCOULTD
Ivepgssa
IMP20CED
IMo0C975
IMPOOSPD
IMPQOCCCD
{Mp310072
IMPOLCLD
IMPOLIC20
IMPOLC3D
TMPO1C4D
™Med105)
TMOGLICED
IMPOICTO
IMPO10R0
TMP31090
IMPGL1CD
14pN1110
IMP1129
IMP21129
[MPQ01 142
IMPJ1157D
1¥231169
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[MPO1170
ACTIMPSII) = ACIMPS{I) + FEFFIC(K3) * SMNRGNI(K3) * FPRICE(IFTYPF) 1[ved11e0
IF { AUXENRIK3) JNF, 1.0 ) 61 TN 150 ' vpPal1an
ACIMPS([) = ACIMPS(I} + | 022 #* FFCTRX{K3} * ACRESN(K3) / 1MpAa1207}

1 { EFFICIXA) * AXLFTR{K3) = J,9f * DTNAHP(NSOILI{K3))) + HPHRTX{K3)1IMPI121A
2 ¥ ACRESN(K3) # YIELDIKI) / AXLFTR{K3)}* FEFICX{X3)*FPRICEIIXTYPE)[MPN]1?22)

INPO123)

IMPQ1240

COST OF oIL . . ) IMPO125D

= IMPO12460

157 ACIMPSII) = ACIMPAIT) « H = ( OCSMPA(K3) * NPRICE{IXTYPE) + IMPO1270
10CSMPT(K3) = DPRICE(IFTYPE)/XTIMESI(K3)} ) IMpPQ12PO

' IMPO12090

IMPO]1 300

REPATR AND MAINTENANCE OF TRACTORS IMP0O1310

1MPA13220

167 ACIMPBLT) = ACTI¥PA(I) + H * TPNWRD{K3) * RMTR * PURTR #* Q(K3) / I¥P31330
1XTIMES(K3) IMPD]1 24D

: ‘ IMPO1350

IMPO1360

REPATR AND MAINTENANCE OF IHPLEHENT IMPO1372

IMPOY 380

ACIMPTULI) = ACIMPTIT) + H * TRIALW % PMI(K3) % PURI(I} IMPR13cQ

170 IF { X(1) .50, BASUSD{K3) ) ACIMPTU{I) = ACIMPT{I) + H % TRIALW * IMPO1400
1PURA(K3} % RMA{K3} IMPO1410
200 CONTINUE : IMPO1429
IMPQO1430

_ IMPO1440

CALCULATE TNTAL AMNUAL IMPLEMENT COST IMPOl14%0

: IMPOL4ED

ACTIMPII} = ACI“PLI{I) + ACIMP2(I) + ACIMP3{I) + ACIMP4(I) +  ° IMPDL&TD
AACIMPS(T} + ACIMPE(I) + ACIMPT(I} + ACIMPS(I) TMPO14RD
ACOST = ACIMP(I) ; IMPGL400
RETURN TMPD15N0

END ' y IMPD1%10
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SUBRNUTINE INTTLL ’ INlOOCL0
) INlOOC20

: IN1NDO3O

INITIALTZES ALL VARIARLES THAT REMAIN CNNSTANT INIONN&O

THROUGHNUT THE cNTIRE NPTIMIZATION PPOCESS FOR A IN1OCOSO

'GIVEN FARM MACHIME SYSTECM, INLOODGO

iNLOOCTO

IN1COORO

COMMON AREA OF INPUT DATA CODES FDR TMPLEMENTS, IN120Cen

FUELSy AND SOILS IN1CC1lerD

IN190110

COMMON AFCONFIL4)y TCDODE(&4)s NSCODE(4) IN1ON120
IN10D130

IN100140

COMMON AREA NF SCALAR VARIARLES TN10Q150

INLOGLEN

COMMAN A, C, DLTAHP, ESTHPL, FCPLTT, HPPER, HT, KPAGE, NCRDR, NML,IN13017n
INM2, NY3, NM4, NMS, NMRRIM, NMPARMNP, NMARPR, MMBRTR, MPRNTR,PPTRAC,INLDOLSN
2PURTR, RMTR, SMNRGD, SMMRGP, SMNRGT, TFTYPE, TPP, TPPI, TRDNTT, INL2{90

IXLETRy ALIFET ’ IN100200
ININO210

IN10O220

COMMON AREA DF ARRAY VARTABLES ' . INlOO0230

‘ IN1DD240

COMMON ACIMPI50}, ACIMPLISD), ACTMP2{50), ACIMP3(50), ACIMP4{50), IN1ANZ2ED

1ACIMPS(S2), ACTIMPA(50D), ACIMPT(50), ACIMPE(5D), ACRESNO(50), IN1D2260
ZACTOTA(SUY, ATTACHISD) y AUXEMG{S50), AXHPIVISS)s AXLFTR{SO), IN1DC27D
AXMAHPISD ) e RASUSP(50), CNTRCTIS0), CNMBINL50).s CNST1{5D), IN1CGD220

4C0ST2(50), COST3(50), CNSTA4(53), CCSTSI5CY, COSTALSO), COSTTISCY, IN103290
5COSTB(S0), COSTINISD), CP0PA(SIE, CUSTO™I57) s CUIS0) s DAPRTHISG,4),INLICDTCY
6DISTR{52), DTNAHO(4), E{50), EFFICIS0), FCPOTA(SO), FCPLTO LSO, IN1IM3LN

JFCOCTILS5D), FEFFIC{S)), SEFICX{5M), FFACTRIS5D), FFCTRX(50), IN120320
BFFCTRC{SOY), FOATCFI &)y FTYPE[SO)y FUFLCIS5044)y G50} IN1OO32N0

CNMMPN HNIS50), HPHRTCIR]3), HPHRTI(S ), HPHRTX(SM), [“PCLSISO0), IN120340
INCCOPE{S2 )y MNMOCHLISG) s NACHZ2{50)y MNMOHZ{S0) e NMOHJLIST) IN170350
2NMOHJIZ (5)) 4 MNMCHI3 (500, MNCPLISI), NP2(53), NNP3(50), NPRLILSD), IN1DG3ED
3NPR2(5))s MPR3I(S50)s MPPAUST) s NPRS{5J) e NSOILIS0)y NTRI(5D), [N1GC3T0
4NTR21{53)s NTR3I{(S50}, NTR4(50), NTRS(53) 1N1003R0

COMMON QOCSHPA(SN), NCSMPTI50), UILI5I,4)y UPRICE( 4), PPI5Q), TN10339D

1PURALISD), PRT([60), PURICISO), PURIC{S0), QI50), QAL50), RMA{BD]), IN170400
2PMI(50), RMIC(ED), PMATCHISD), RWNLS{4,4), SFTYPE{S50), SMOGOI(S01.1N10C410

-3SNPGOCIS0) , SMRGP(S501, SNRGT{50}, SPNEFI55Y, SPFEA(SO), SPHPIBD], INL1I7&42Q

4SPLFTRISDY, SUHMACISD) s SUMACCISGCYe TIMLILUSO), TIMPMX(S50), IN190430
SETONSPRIS5() s TONSTR(RO), TPOWKDISN), TRATIO(4)y TRECUC{4 ), IN1Y2440
6TRDNTAC(S ), TRONTI(5), VALUFLS50), W{SO), WCI50), WMAX({5D), WS(S5CIINLOU4SN
COMMON XIMPLESD), XINDEX(50)y XU5C), XFTYPE(S0), XLARUGR{50), IN1D0460
IXLIFEA(SG), XLIFFI{H0), XNNCTR{SD), XNIMPS{S0), XNIMPC(SD), IN10C4TO0
2XNOPS(50), XNTRSM(50), XTIMES(S50}, YIZLDI(S5D), 2(50) : IN1O04R0
IN102490

IN100500

DETERMINE FIXED CNST PERCENTAGES IN10OS10

' 1N1170520

YIMPNRTANT CAMSIDERATICNS IM DETFRMINIMNG MACHINE FIXED CDSTS IN1OCS30
ARE LENGTH NF SEEVICF LIFE AMD TIME NF PLANMED PFBLACFMENT [F TH!SINIGUSLO
SHRULD RE LESS THAN THE SFRVICF LIFE. STRAIGHT=LIMNT REDUCTIFAN 1S TMLIDOSS
CONSINERPEN AM APEMJATE NLSCRIPTION NF DEPRECTIATIMN CNSTS, THE HIIGH’)F\O
PERCENTART [CF THE PUPCHASE PRICT FOR THE MCW MACHIME [NCLUDES H10A570
DEPRFCIATIUN AND NTHFR FIXFD COSTS. THIS PERCFMNTAGF IS ANJUSTEN [NIOGSAD
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AS IN HUNT L1}, TARLE 14,1, WITH VARTATIONS TN SERVICE L1FF, 1IF [N1n9s5a0
REPLACEMENT IS CIMMTEMPLATED SEFDRE THF gm0} OF SERVICFE LIFT, THF INLONROD
PROGRAM ANJUSTS THE FIXTN~-COST PFRCEMTARE UPWARD TN COMPENSATE FOR[MLIT2A410)

THE NVYERFSTIMATEAN NF THr ACTUAL RESALE VALUE SUGGESTED A8Y IN1Nae2n
STRATGHT=LINE DEPRECTATINN,' - 1N10C630
INEOO64O

'THE FIXEN CDSTS FOR POWFR ARE CHARGED AGAINST FIELD INLODESH
NPERATIONS ACCCENING TN THFE AMOUNT NF EMERGY REMJIRED FOR THE IM1276¢0
OPFRATINN, IF TWN (MPLEMENTS ARE PULLID IN TANDEM, THF DRAFTS OF TNL20ATH
EACH ARE SUMMED,? ) INLODERY
INLO2ETD

INIQQ TG0

COMPUTE TRACTOR FIXED CAOST PERCENTAGE TN1QOTLD

IN1ONT20

CALL FCP { FCPCTT, XLIFET, TRDNTT | INIGDT30
IN123743

IN1OOTEN

COMPUTE IMPLEMENT BASE FIXED CGST PFRCENTAGE, FCPCTI IM130TED

IN1OCTTD

Ny 20 I = 1,MMRROP IN1QOT&D
J = XIvPLIT) IN1DOTS0-
PURI(J) = PYURIDI(I) ; IN1GCROD
CALL FCP { FCPCTI(J)y XLIFEI(T )y TRDNTI(I) ) : IN13OR10
’ IN1ODRZD

IN1OQre3D

COMPUYTE IMPLEMENT ATTACHMENT FC PERCENTAGES, FCPCTA IN12TR4D

IN10DE8D

IF (ATTACHII} .EN. 1.0 ) GO TD 17 {N1GNRGO
FCPCTALI) = 0.0 ) INICDETD
GO TO 20 INIGORLA
CALL FCP { FCPCTALI), XLIFEALT), TRDNTALT} ) ; . InN17 2842
CONT INUS INpOnecn
) INLRDCLD

INL1INGZ])

SUM OQUT-OF-FIELD ENERGY REQUIREMENTS . IN1OGS2D

. IN1GCG42

SMNRGP = 0.0 . INIQU250
DO 4 1 = 1, NMARPR ' IM1009f 2
SNRGP{I} = [{I) = TONSPRI(I)} : IN13GRTS
SMNRGP = SMNRGP + SNRGPIT) INLRDSRAD
CONTINUE IN1IDOQe)
SMNRGT = 0.0 TN1D210QC0
D0 5 1T = 1, NMBRTR : TN121010
SNRGTIT) = lal * DISTRII) * TONSTR(I) : IN101020
SMNRGT = SMNRGT + SNRGTI(I1) : : EN1D1030
CONTINUE IN101040
IN131250

IN1D10&D

COAMPUTE CUSTNM COSTS AND DETERMINE FIELD EMERGY IN1O1CTO
REQUIREMEMTS FNR EACH OPERATION IN1Q1380

INLO1CEN

en 8 [ = 1, NMARDP IN1011750
CULl) = ACRFSO{I)} #* CUSTOM(T) IN101212
PRCNTL = XLFTR INl1ull2n
IF ( TPOWRND{I) «F7e 0.0 ) PRONTL = SPLFTR(I) IN1O011Z2D

SNRGOI(I) = 04222 = ACRESO(I) * FFACTR(I} /7 { FFFIC(I) = PRONTL = IM101149
1.96 * DTNAHPINSOTIL(I) ))& HPHRTIII) * ACRESO{I} * YIELD(T} /7 PRACNTLIMNLIALLIGT
CONT INUE ; INLOL1&D}
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271

CONVERT AND STORE IMPLEMENT NUMBERS IN DECIMAL FORM

6o 9 Il

= I, NMBRIM
X(I1) = 11

CALCULATE COMRINATION IMPLEMENT FACTORS

DD 271 IR = 1, NMRROP

IF [ COMRINIIA) o6GTe D0
FCPCTC(I8) = N,0
NCCODELIB) = 4
PURICI{TE) = Qs
RMIC({TE) = 0.0

GO 79 271

pe 27 11 = 1, NMRROP

a

If { COMBIN(IBI - XINDEXII1l}
IF [ Crmalntil) - XINDEX(]B)

RMIC{IR) = RMI(TI1)}
NCCONE(I8) = IMPCLSITL}
L = XIMPL(IL)
FCPCTC(18) = FCPLTILL)
PURIC(IB) = PURTIL}
CONT THYE

CONTINUE

RE TURN

END

) 3 TO 25

175

IN101170
IN1J11°G
INIOLL®Y
IN101240
IN101219
IN101220
IN101230
IN1C1249
IN101250
IN101240
IN101270
IN1D12£0
IN131290
IN1O1330
IN1O1310
IN1O1370
IN1N1330
IN1O1349
IN101350
IN101260
IN1O1270
IN101370
IN1013¢0
IN101400
TN1G1410
IN101479
IN101430
IN1D1440
IN1G1450
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SUBROUTTINF INITLZ ( SMCOST ) . INZ2GOO10
’ TN20C020

IN2002030

INITIALIZE VARIARLES THAT MUST RE INITIALIZED AT THF INZ22OD4N

START OF THE IMPLEMFNT WINTH-SELECTION PROCESS FOR A [N2D205D

GIVEN TRACTOR HAOASFPNWER LEVEL 1N20006N

IN2020TD

. : TN200O0DRQ

SMCOST -- TOTAL ANNUAL CNST OF THE FARM MACHINE IN2DCQA0

SYSTEM IN200L100

z : INZND110

IN20C120

COMMON AREA OF INPUT DATA CCDES FOR IMPLEMENTS. IN20C130

FUELSy AND SOILS . IN20D 140

. ‘ INZ200150

COMMNN AFCODE{4), ICODEl414+ NSCODE[4) IN20OC160
‘ ' IN2D20170

. IN200180

COMMON AREA OF SCALAR VARIABLES IN2DQ100

IN22N27]

COMMON A, C, DLTAHP, ESTHPL, FCPCTT, HPPER, HT, KPAGE, NCRNR, NM1,TN202210
INM2, NM3, NM4%, NM5, NMRRIM, NMREOP, NMRRPR, MNMBRTR, NPINTR,PPTRAC,IMNZ2G0220D
2PURTR, RMTR, SMNRGD, SMNRGP, SMNRGT, TFTYPE, TPP, TPPI, TRONTT, [N23DZ220

AXLFTRy XLIFET ) IN200240
IN23L 250

IN29J 240

COMMON AREA OF ARRAY VARJABLES : IN20C27C

. INZ2COTH0

COMMON ACIYP{50)1, ACIYMP1L50), ACIMP2(S0C), ACIMP2{ED), ACIMP4(S50), IN2D0229)
TACIMPS({SS), ACIMPE{SO), ACIMPT7I(S0), ACIMPBIS]), ACRESCISO), INZ22020)
2ACTOTA(STYy ATTACHISS) . AUXENGIS2)y AXHMPLV(53) s AXLETR{S5C)}, - IN26O312
JAXMXHA(5D3), RASUSN(EQN)y CNTRCTIS50), CIMBIDISO), COSTLIBAY, IN20O220

4CNST2(57), CNST3(50), COSTA4(50), COSTS{S50), COSTH{SA), COSTT(SN), IM2,2220
5COSTB(501, COSTIN{S50)y CROPA{SO), CUSTEMISH), CU(SA), DAPRTWI4,4) ,IN2LL24D
6DISTR (501, DTNAHPL&), F{50}, EFFIC{5I), FCPCTAIST)y FLOCTL(SG), IN23C35N

TFCACTIISN)y FEFFICIS5Q)y FEFICX{S0), FEACTRISO)y FFCTRAXIS0), [NZ2OD3ED
BFFCTRCUI5C) 4 FPRICE( 4)y FTYPE(S50)y FUFELC{SC,:4)y GLED) IN2002TQ
COMMNON HOLS5N), HEHRTCLIS5M)y HOHATI(SO), HPHRTX(SG0}, TYPCLSISC), IN23Q2R0
INCCONE(SD )y MMCHLI(50)s NMCHZ{SD), MMOCH3ILIS0), NMCHJLIUSI) IN2DD30D
2NMCHI2(50) s NMCHJU3I[5D2), NAPL{5G), %APZ2{5CG)s, NOP3ILSN), NPRIL(SQ), INZ20C &N
BNPR2(5J0)s NP23{80), MPRA[SN), MPRI(57) sy NSDILISG) s NTR1{SD), IN2OD4G1D
ANTP2(53), NTR3I(50)s NTR4(50), NTRGIS50) INZOD420
COMMON DCS“PALS0), DCSMPTISO),y DIL(SN,4), OPRICEL 4}, PP[S2), IN2:31430

1PURA(50), PUPL(50}, PURIAISI), PURICISD), AL501, DAISO), RMA(S0), IN2OGA4D
ZRMI(50),y FAIC{S0)y RMATCHISO), RWNLS{444), SFTYPELSD), SMNEOADIL50),1N220450
3SNRGNC(52)y SMRGPI{S5G), SHURGTISS), SPNFF{S0Y,y SPEFDIS{), SPHP{SN), [N2GO4H0

4SPLETRISC), SHUMACISO), SUHMACCISO)y TIATISC)e TIMPMX{S50), INZ2NO4T0
STONSPR{SD) , TONSTRU(SU), TPOWRDISG), TRATICL{4), TREOUC(4), IN2004RD
ETRONTA(SC), TREONTI(SN), VALUFI501, wW{5N), WCI50), WMAX{S5G), WSISNIIN2OCL00D
COMMON XIMPL(50), XINPEX{S0), X{50), XFTYPE{S0), XLARORI50), IN20DE0D
IXLIFEA(IS:)y XLIFETUS2),y XMOCTRUGO), XNIMPS{50), XNIMPCI50}, . TN200510
2XNOPS(53), XNTRSNISC), XTIMESUISQ)e YIELDUSO), 2050} IN290520
INZOO53)

‘ : IN2D0DS40

INITIALTZE IN2005580

. ’ : INZ22O56D

HT = 0.0 : IN2005T0
SMCOST = 0.0 ’ IN2O0SRQ



OO0

(2 XaNaNal

OO0 0

60

65

T0

31

23

TPP = 0.0

TPPI = 0.0

0N 70 19 = 1, NMBRIM

PP 19 ) = Q.0

RNATCH{I9) 0.0

TIMPMX(T") 5907%.0

W{ 19 ) = 2.0

HS( 19 )} = 50000

DO &5 J = 1. NMAROP

IF { XTIS) = CHTRCTLI) JNES XIMPLOJ) ) GN TN 60

TF { WMAXI[J) oLTe WS(I9) ) WSIIS) = WMAX{J])
IF { E{J) (LT. TImeux{Ig) )} TIvPMX(I9) = E(J)
IF ( RASYSD(J) = CHNTRCTI(J) oNFEe X{I9) ) 60 TN &5

IF { ATTACHUJ)} .GT, 3INATCHII9) ) RNATCHII®) = ATTACH{J)
CONT [NUE :

IF ( TIMPMX(19) ,FO, 5CO04) ) TIMPMX(TI9]) = (.0

IF [ WSI19) .ENa. 5790,0 )} WSI{I9) = Q.0

CONT INUE

DD 31 13 =1, NMRROP

XNIMPC( 13} = C.0

WCt I3) = 0.0

It I3 ) = 2.0

COST1t{13}

casT2113)

COST2(13)

COST4L13)

COSTS(13)

COSTH{T13)

CONSTT(13)

casTal13)

casTiol 1
DD 31 I1l
FUELC(I3, T11)
oILit3, 111 =
CONTINUE

SOOI 0G
. & & @
CcCOLUCoOOoO

o
-
[ I [ e |

)

.
<

[T I S I T T T BT 1}

oo
.
<

SUM FIELD ENERGY REQUIREMENTS

SMNRGD = 0.0
n & Il = 1, NMBRO® ,

SMNRGD = SMNRGD + SNRGOI(T1) * TPOWRDIIL) * CNTRCT(I1)
CONT INUE !

COMPUTE SUM OF IMPLEMENT ANNUAL ACREAGES

D0 23 J = 1y NMHRIM

SUMAC(Y) 0.0 :

Do 23 12 1y AMRRNOP

IF [ X1J4) JNF. XIMPL(I2) ) GN TO 23

SUMACI) = SIMAC(J) + ACRESO(IZ2) * CNTPCTIIZ2)
CONTTMDE

non

1

CALCULATE COMBINATION IMPLEMENT FACTORS

DO 271 18 = 1, NMRROP

177

IN2005°0
IN200AN0
IN20GA10
INZOQ&s20
IN29C630
IN200620
IN20CKSO
I[N2DCEROD
IN20CATD
IN2006RD
IN2J0620
IN200700
IN230710
IN20GT20
IN2DOT20
IN200740
IN2C2750
IN2DCT60
IN200T7D
IN20OJTRD
IN200TS0
INZ2CCBND
IN2C0210
IN200820
IN200EZ2N
ITNZODEAD
IN20G85D
TN20CEBD
IN20CR70
INzeoead
IN20CBSO
IN2072930
IN20CS10
IN200%20
IN200%70
1N20C940
IN20C 350
IN200S60
IN2OC9T0
IN200S&0

- IN200%390

1N201%)0
IN201010
IN201020
IN201G30
IN201040
IN201050
IN2010C&D
IN201C70
IN201CED
IN201090
IN201100
IN20G1110
1N201120
IN201130
INZO1140
1N201150
IN201160



25

2b6
261

- 27
271

IF [ COMRIDI(IRY «GT, 0,0 ) GN TO 25

FFCTRC(I3) = N0
HPHRTC{[8) = 0.0 .
SNRGOC(IZ) = 0.0
SUMACCIIR) = C,.0

GO TO 271

Do 27 11 = 1, NMRROP

IF { COMBINITIBY - XTMAFX(IL) )} 27, 2R, 27
1F { COMAINEIL) = XINDEX(IAY ) 27, 251y 27
FFCTRC(13) = FFACTRIIL1Y * CNTRCT(ILl}
HPHRTC(IR) = HPHRTT(I1l) = CNMTRCT{I1)
SNRGNC(17) = SMRGOI{ILY = CNTRCT(ILl}
L = XtHuPL(T1)

SUMACC (T2} sSuMAC(L)

CONT INUF I

CONTIMUE
RETURN
END

178

IN201170
IN2O11RO
IN201199
IN201200
IN201210
INZ2O122n
1N201229
IN201240
IN2012590
IN201260
IN201270
IN201220
INZ20O129D
IN201300
IN201319
IN20132)
IN201330
IN201340
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SURRAUTINE OUTPUT ( HPMAX, SMCOST, XNTRS ) ouTaoolo

ouTocozo

guTo0ao30

PRINTS NUT ALL INFORMATION FOR A GIVEN HORSEPOWER nuTONnN4D
LEVEL, auTocCso
: ouTOC0s0

ouTOCDTD

HPMAX ~—= TOTAL TRACTDOR HNASEPOWER AVAILABRLE \ QuTNGCro
SMCOST —-— AMNNUAL COST 0OF FARM MACHINE SYSTEM cuTICnon
YNTRS == NMMAER NF TRACTORS 1N FARM MACHINE SYSTEM QUTNCLICA
ouTNQLLN

: ouTon120

COMMON AREA IF INPUT DATA CODES FNR IMPLEMENTS, nUTGGC12N
FUELS, AND SOILS . ouUTa5140
: auTeclso

COMMON AFCODE(4), TCODE(4), NSCODE{4) ouUTOC14D
' ouToo1TNn

ouraclen

COMMON Ay Co DLTAHD. ESTHPL, FCPCTT, HPPER, HTs KPAGE, NCRNDR, NM],nuTZulan
1NM2, NM3, AM4, NM5, NMARIM, NU3RNP, NMRRPR, NMBRTR, MPRNTR,PPTRA(,NUTOLZED

" 2PURTR,y RMTR, SMNRGO, SMNRGP, SMNRGT, TFTYPE, TPPy, TPPIy TRDNTT, cuTe2219

AXLFTR, XLIFET QUTANZ20D
ouT00222

, . 0UTNO240

COMMON AREA DF ARRAY VARIABLES ouTOo0250

ouUTH2260

COMMON ACIMP({S50), ACIMP1{S0), ACIMPZ(50), "CI¥P3I(5Q), ACIMP4(50), NUTCO270

LACIMPS(50), ACIMPE(50), ACIMPT(S0), ACIMPB(S50), ACRESN{S5N), nuTNG240
ZACTOTALRG), ATTACH(SA), AUXENGIST)y AXHPLVIST) s AXLFTRUG(), nuTIN2eg0
JAXMXHPL{ED), RASUSNISG), CMTRCTIS0), CAMBIDISLY . COSTLUISD), oyTanN3ICH

4COST2{50), CAST3(S])s COSTA(SIY}, COSTSI5uY. COSTHUSBO), COSTT(5G), QUTOL3LD
SCNSTRISDY, COSTIAISA), CROPA{SI), CUSTOM(50), CUISG), DAPPTW(4,4),0TO2720
BDISTR(S50), NTNAHP{4), F{SD}, EFFICIS5D), FCPCTALEN), FCPOTC(5D), nuUTCe330

TFCPCTI(SD)y FEFFIC(5D), FFFICX(S5J), FFACTR(50}, FFCTRXIS5U) . ITAG 34N
BFFCTRCISD)y FPRICEL 4)y TTYPE(S0}, FURLLCISU.4)y GI50} MyT203E0
COMMON HOL{50)y HPHITC{50), HPHRTI(S0), HPHPTX{5C), IMPCLSI50}, ournGiagd
INCCONE(SOY . NMCH1{SD), MMOH2150)  NMCRZIUBCY, NMOHMJLIRO), cCUTNO?70
2ZNMEHJI2{50) y NMCHJI3({50)1, MNOPLI50}, NOP2{501), NOP3{50}, HNPR1(50], QUTCNARN
INPR2(50)y NPRI[(SO}, MPR4(5D)s NPRS{50)y NSGIL{SC)y NTRL{S5Q), ouTO2290
4NTR2(50), NTR2(S50), NTR4(52), NTRG{S0) nmIToN400
COMMIIN DCSMPALSD), NCSMPT(SO), QILI50,41, QPRICEL 4)y PP(50}, auTdnal’

IPURAISD), PURTISO), PURINISO), PURICISO)s 21500, QA(5C), RMA(SO}, TUTHC420
2PMI(50), RMICLISO), RMATCHISOYy RWNLS{4,4), SFTYPE(E0)}, SMRGDI(501,0UT20470
ASNRGOCI50) » SHNRGPISD), SNRGTI(5Q), SPOFF(S5T), SPEFD{5G), SPHP (50}, OUTT044])

4SPLFTRISN)y SUMACIS5D), SUMACCISO)y TIMLI(SO), TIMPMXISO}, QUT 20450
STONSPR(5D)y TONST2{501, TPOWRPD(5C), TRATIU(4), TREDUC(4)}, nuT2N460
STRONTALSI) , TRANTIIST), VALUS{SO). W{50), WCL{5I), WMAX{5G), WS{S0)0UTCATC
COMMNN XIMPLISO)}. XINDEX(52)s X(SO)}, XFTYPE(S0O)y XLARORI50), nIT304R0
IXLIFEALSD), XLIFET(S5D), XNMOCTRISN}, XMNIYPS{S5u)y XNIMPCI50], auT 490
2XNDPS {501, XMTRSN(SQ}y XTIMES{SO}s YIELDISD). Z150) QuUTaNSGY
QuyTHOS10

: 0uUT 30520

POWFR LEVFL ANSWERS ouTIO530

. oUTLS4D

CALL PAGF nuracsso
WRITE (HPRINTR,%02) ) NUTC2%6Q0
502 FOPMAT (1M 33X,13HFACTORY RATFD/,10X,RAHSYSTEM ANNUAL CDSTS TNUTHuST0O

1RACTOR PT72 HP Nd« NF TRACTORS SYSTEM HOURS INVESTMENT /)IOUTU0SRO



[a e lalal

A0 O0

503 WRITEINPRMTR, 534} SMCNST v HPMAX s XNTRS s HT

+ TPPI
504 FORMAT (16Xs1HSy FlOa2s 9%X3Fl0e2:14%y F3e0y 9%y Fbaly
1 9%, 1HS, FlQ.2 117 )
PRINT OPTIMUM IMPLEMENT SELECTION
WRTITE(NPRNTR,602)
602 FORMAT{1H 4///52X; 12HPTWER LFVELS/46X424(1H*) /158 TIMPLEMENT

115H DNPTIMUM STZE ,2X411H A0. REQYD 42X, 15H SELF-PROPELLED s 4X,
ZEHANXENG 4 X L4AHPURCHASE PRICE /7 )}
- WRITE{NPRNTR,5613) (NMCHILIIY, NMCHI2{J), NMCHJ3(J), Wi

1XNTMRS{JE,
603 FNRMAT {1X,

SUML
SymM2
sum3
SuMg
SUMS

SUM6
suwvt
SUMA
SUM9 =
Do &0
SUM1
SUM2
SyM2
SUM4
SUMS
SUMb
SuMT
SUM8
SUMG =

Wb 8 uwmmo bonouwom wwug

0

DOD00Q0Q0ID2D0
e 5 & o 2 8 0 s
DD DD0000

]‘ =

suMSs

6060 CONTINUE
CALL PAGE
WRITE(MNPRNTR,6065)

6065 FORMAT{1H ,48X,35HRAREAKDNWN OF IMPLEMEMNT ANNUAL CGSTS ///)
WRITE(MPRNTR,,6070)

6070 FNRMAT(21%, LOHFIXEDN CDST,S51X20HREPAT® &

SPHPIJ) e AXHPLVIJ) s PP(J)s J = 1y MNMRRIM )

A4y TXy FBaly 10Xy FaeOr10XyFbels IXoFbalyFXeFFa2)
WRITE(NPRNTP,6032) PPTRAL

6032 FORMATL / 9H TRACTORS, 70X, F9.2 )
WRITF{NPRNTR,6031) TPP]

6031 FORMAT { 45X,

Jl s

I3HINVESTMENT INCLUDING TRACTORS = $ F1D.2 7771

PRINT A BREAKOOWN OF IMPLEMENT COSTS

SUM EACH SPECIFIC

1
+
+
...
+
+
+
+
+
+

NMRR M
ACIMPI(I]
ACIMP2{]
ACIMP3HI
ACIMP4L T
ACT4eSt]
ACIMPAL]
ACIvMPTLI
ACIMPEITY
ACIMPILI)

}
)
)
)
)
)
)

IMPLEMENT COST FOR ALL IMPLEMENTS

MAINTFMANCE/LISX42101H*),

146X, 21LIHE)/2X s QHIMPLEMENT o 4X o ICHTYPLEMENT 44X, THTRACTNR 61X,
25HLABOR 32X 5 LOHTIMEL IMESS o TX y&4HFUEL 18X 9 3HOIL e 1 X9 JICHIMPLEMENT 44X,
ATHTRACTOR , TX, SHTNTAL /7 )
DO 6074 J =
6074 WRITE(NPRMTR,E607S) MMCHIL1(I ), NMCHIZ(J), NMCHIZ(J), ACTMPLLJY,
1ACIMP2 L),
2ACT4PBID) .,
6075 FDRMAT{IXy3A4¢ 1Xe2{1XeF10e2) 91 XeSULXF10a2142X4F10a2 )

1,

ACT
ACT

MMRR T M

MBI J)y ACIMP&LY)y ACIHPS(J)y ACIMPELJ),
MPLLH)

ACIMPT{U),

180

auTansan
ouUTN06G0
DUTQUL&E10
ouTonE2D
QuUTo0RID
ouTO0E4D
ouUT006S5)
ouTon6AD
DUTO0ATO
oUTHOHRD
aUToN6S0
auTH0730
nutT29710
QUTRITZ0
auTon?3n
DUTQOT740
auToNo 759
QUTDOT6D
ouToo770
ouUTOO78)
auToo7c0
guTegann
nuUTo0[10
QUTOCEZ0
ouTonsan
ouUTCOB40
ouTo0RS0
QUTOQ0BED
QUTHOORTN
GUTOCBAD
auTon8sn
QuUT DA’ R
ouTooel1C
DUTENG24D
cUT0oNa3n
ouUTO0GR4D
pUTGNGSO
QUTCCSA0
ouTooSe7q
nuUTOQ0SRD
ouTOoONSan
QUTOLCGED
outolnlo
ouTQl020
ouTol 02N
ouUTO1040
ouTnN1CS)
puUYoLINsDd
ouUT01070
nuT01039
puTAalSon
nurGglloon
ouTo111n
ouTol1129
nuTnll=n
pUTOL11AG
nuTo11sD
outoll60
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WRITEINPRNTR, 6080) SuMl, SuM2, SUM3, SUM4, SUM5, SUMA, SUMT, SUMB,QUTALLTND

151M9 ouTo11f0

6080 FORMATI/1Xol3HCCLUMN TOTALSs3LIX F1l023¢1Xe5(1XyF10.2)42X%X,F1l0.2 } OUITI1LAN
c ouT012C0
c ouUTdlz1¢C
C PRINT OPERATION CNSTS . ouTolz2o
c ouTol223
CALL PAnRGE : : ouTI124n
WRITE(MNPENTP,504) ‘ nuTc1250

604 FORMAT(S54X27HFIFLD OPTRATION INFORMATION 177 0uyToLl2460
L18X, AHTRAC TR S 4 6AX y6MYG, NFALLIH  NPERATION, BXy 8HHEENED nuUTAIZ70
26Xy 2Z1HCOST OF DPFRATINN s ISHCUSTPM COST v17H COMRINATICMOUTAL27O

3 W g BXy13HMCNMA,[MPS,, 204  ANNUAL HOURS REQ'D 7 ) ' nuTalZ2Sen

D0 6050 T = 1, HMAROP ouUTO13u0

IF { XNDCTR{I) 4FQs 2.0 ) GO TO 5050 ’ OuT01310
WRITE{NPRNTR,AD5) NDPL(I), NOP2({I1), NOP3{I), XNTPSN{1),COSTIN(I),OIT21227
1Z01)s WCLTY, XMIMPC(TI), HODII) aquTol32n

605 FNRMAT { 1X, ZA%4, 3%, F9.2y 3Xy FlO0e2y 12Xy Fl0e2y 10X, FT.l, 0uUT31349
117X, F2404 15Xy Fbal )} QuUTNl3zo

6050 CONTIMUF OUT013LD
WRITEINPANTR,6I511 HT ouTeraIn

6051 FNRMAT { 96X, 16H SYSTEM HOURS = Féel ) ouT Mz27)
[ ’ oUTO1350
C : ouTnlang
c PRINT A BREAKDCWN OF OPEIATION COSTS ouUTal41N
c ’ ouT~l4r
c nUTO1620
c SUM EACH SPECIFIC COPERATICN COST FOR ALL NPERATINNS OUTJI1450
c ' NUTO1450
SuUMl = 0.0 OUTO14R0

SuM2 = 0.0 QuUTOL1470

SuM3 = Q.0 nuTo140n

SuMs = C.0 ouTol4°Q

SUMS = 0.0 ouTO15n)

SuUMg = 0,0 ouTotsLD

SUMT = 0.0 ouTd1523

suMa = 0.0 OUTOLl%530

SUMG = D, OUTO15R40

SUMLIO = Q.0 & QuTo15%2

DO 7051 1 = 1, NMBROP OUTO1%5A0

TF { XNDECTR(I) oEQe 0.0 ) GO TO 7051 ouT2157¢

SUMY = SUM1 + COST1(I} OUTO15R0

SuyMz = SUM2 + COST2(1) : ’ ouT01520

SUM3 = SUM3 + COSTA(T) DUT216450

SUM4G = SUM4 & COSTA(T) pUTD1&1D

SUM5 = SUM5 + COSTSII) ouTJ162N

SUME = SUMA + CNSTaLT OuT21620

SUM? = SUMT7 + COSTT(I) DUTO1640

SuMg = SU¥AR + CDSTA{Ll} ouTglaese

SUMg = SUM9 ¢ Z(T) ouUTOlE 6D

SUMLIO = Su™l0 + COSTIOND) g oQuTOieT7n

7051 CONTIMUE ouUTO0l6°0
CALL PAGE ouTalsTa
WOITE(HORNTR,TOLO) ouTnlIcn

7010 FARMAT{IM ,S1X, 7nHARFAKDNWN OF GPERATION COSTS  ///7) oUTI1710
WRITE{MPRNTR, T7020) aulI21729n

7020 FNEMAT(21X, 1 HFIXFD COST,S1X,20HREPALIR & MAINTENAMCE/LS5X,21(1H*}, OUT3L173D
146%, 21 (1H*) 72X, GHOPERATTION, 4X ¢y LOHIMPLEMENTS 34X THTRACTOR 46Xy nyTol740



2SHLARNMR , 2X 4 INHT IMFL IMESS, TX o 4HFUEL o AXy 3HOIL 3 1X o ICHTMPLFMENTS 4 Xy

ATHTRACTNH  6Xy AHOUSTNAM, TX ,SHTOT AL /)

NN 1049 I =
IF { XNDCTRUI) oS0 0.0 } GO TO 7049

WRITE(MPRMNTR,T7C50) NAPL{IY}, NIP2(I}, MNOP3(1},

2C0S5T211), C
32811, COSTIOLT)

7050 FORMATILIXN, 34, 1%s311XsF10,.2

T049 CONTI

WRITE(NPRNTR, 7255) SUML, SumT, SUM2, SUM4- SUMB, SUM&, SUM3,

1SUMmS,

TO5% FORMAT(/1X, 13HFPLUHN TOTALS3(1XsFl042)91XeS(1XeFl0.21,

NHE

SuMa,

1+ MMARDOP

nST4(Iy, COSTBILI), COSTOlI),y COST3(I), COSTS5(I),

SUv10

1242X,F10.211}

OO0 N

SUM1 = 0.0
Sumz = 0.9
T SUM2 = 0.0
SUMG = 0,0
SUMs = 0,0
SUMs = 0.0
DO 7091 I =
SUML = SuMl
SUM2 = SuUM2
SuM3 = Suv3
SUM4 = SUv4
SUMS = SUMS
SuM6 = SUM6

7091 CONTINUE

CALL

PAGE

PRINTY A'TAHLF OF THFE OIL AND FUEL CONSUMPTION

FOR EACH DOPERATICN

SUM EACH DIL AND FUEL TYPE FOR ALL DPERATIONS

1, NMRROP
FUELCI1l,1}
FUELC(T,42)
FUELC(T43)
DILII.1)
nitei,2)
OILI{I,3)

P S

WRITEINORNTR,T060)

TO50 FORMATIIH

. WRITEINPRNTR, 70611}
TO&61 FORMAT (43X, 4HFUEL 52X, 3HDIL/20X,51(2H_ 114X151(1H 1}
WRITE[NPRNTR,TC6S)

T065 FNRMAT (26X, 3HHP- HRIGAL,17X.12HGALLONS USED,I?X.&HGAL/HR 18X, 12HGALOUTNZ2160

LLONS

USED)

WRITE(MPRNTR,TCTC)

TOTO FNRMATI16X,2

(424210 1H%} 4%+ 26{1H*)}}

WRITE(NPRNTR,T7075)

TOTS FNRMAT(5X,FHOPFRATION,2X, 204X, 11HTPACTGR, SPu3xv?HAQK ENGy4Xy

1BHGASOLINE 3%, AHDIESEL 23X ,6HLP GAS)/)
DO 7080 I =
IF { CNTRCT(T) (ENa 0.0 )} GNP TO 7080
FEFFT = 0.0
FEFFAX = 0. :
IF | FEFFIC(I) oGTa 0.0 } FEFFYT = 1.0 /
IF { FEFICX{I) «GTe Ue0t } FEFFAX = 1.0 /7 FEFICXII)
WRITEINPRMTR, TORG) NNPYI(T), NOP2ITY, NO®3({1), FFFFT,

LFEFFAX, FUFLCII,1), FUSLECUI,2), FUELCII+3), QCSMPTII),

20CSvPAlT),
TOBS FORMAT(4X,3A442X42{4XFTe2,1X9F9.243X43F9.2))

1, KMARNDP

0

AILIT«Y)y DILII420, NDILIT,3)

JolXyS5ULX,F10.2),2{2X4F10.2))

»4AXIBHFUEL AND DIL CUNSU%PTIGN PER CPERATION ///7)

FEFFICITI

182

aura17sg
outo17s0
OuUToL1770
OUTQYIT7FO

CNSTL(I),y COSTTIL) NUTOLT7CD

DUTO1ECO
nuTalelo
ouTolr2o
ouTole3o
QUTO1EB4D
nuTdlRSn
ouT01860
ouTo1870
ouTo1880
QuT018%0
ouTO1Sh0
aqutolelo
auTolozn
ouTo1930
ouUT01949D
ouT01950

- QuUTO1660
- QuT21970

OUTO01980
ouTo1s9490
ouTo20n0
ouTo2cLn
ouTIZ2020

. 0uUT02030

ouTnzean
ouT02050
oUTO2060
ouTa2079
OUTO2CRO
ouTQ2090
ouTo2100
ouyTo2110
auTg2iza
ouTQ2130
ouTC2140
ouTo?2150

ouTQ2170
ouT021e0
ouTo219n
nuTo2209
nytTo2210
ouTQ2220
ouTp2230
ouUTD2240
ouUT02259
ouTe2260
ouT02270
QUTO22R0
nyTonz290
outg23ca -
auTo2310

ouUTN2320
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7080 CONTINUE DUT02330

WRITFINPHNTR, 70S85) SUM1, SUM2, SUM3, SUM&, SUMS, SUMS DUTA2240

7085 FNRAMAT (/6% 13HCOLUMN TNTALS e 1Xe 204X 9(1H-) 3 1Xe Gl 1H-)3X¢3F9,.2}) auTnz3sn
ouTn2360

: oHTO0?2373

PRINT INFORMATIOM CONCERNING TRACTOR PERFORMANCE ouTo2309

oyTN2390

CALL PAGE DUT L2400
WRITFINPANTR,20CAO) nuraz4t1n

8000 FORMATIIH 456K 27HINFORMATION COMCERMING/ /59X 1THFACTORS AFFECTINGRUTNZ2420
12754%2THOPTIMM TRALTAR PERFNRMANCE////) QUTA2430
PRCMTL = XLFTR % 170,10 . NUTL2440
WRITE [NPRNTR,PILIN) PRONTL nuTN24%0

8010 FORMAT (465X, 1THAVATLARLE TRACTNR/45X, 13HFACTORY RATED,7X, 14HPTN HP,OUT(2442
1 USING 3F5,141HE/45X,14HTRACTNR PTO HP,6X,21HOF THE FACTORY RATINGNUTI2472

27 NUTDZ24E80
APTOHP = HPMAX * XLFTR ouUT02499
AXLEHP = APTOHP * .95 ouTo025%7
WRITFINPRNTR,ROL1S5HPMAX, APTOHP ‘ ouToz2510

BOLS FOPMATI4TX 79, 2414X4F9.2/77) ouT2s2n
WRITE{NPRNTR,AJL9 ouT02532
BO19 FDRMAT(ATABHRIQUIRED/2TX,3T7T(1H*)/ : T 2%4%
128X, 1AHFACTRY RATEN, 23X, OuUTNZ2550

ZTHND LOAN L 4X ¢ SHTOTAL +4X 4 1NHTOTAL REAR2X, 13HTOTAL TRACTOR/ ouTNZSsen

13X, GHNPFRATINN,AXL14HTRALTDOR PTO HP,6X,6HPTO HP, ouTo2570

GBXgSHNR HP , 22Xy GHSPEED  MPH 32X 4 BHPULL 4L BS 44Xy HHWT 4L BSy 71X+ &HWT,LRAS /) OUTO?2550
o 8025 1 = 1, NM¥ARRAOP ouTo?s5an
IF | TPOWRD{I)*CNTRCTITI*XNDCTRII} oNE., 1.0 ) GO TO B025 QUTN 260D
K = XIMPLIT) ouTC2612
RORHP = SPEFN(I) & (FFACTR{I? + FFCTRCITI)}Y * WIK) / 375.0 nUTQ2&27%
RAXHP = PDTHPR / DTOAHPINSOIL(I)} OUT G220

- RPTOHP = .{ HPHARTI({) # HPHATC(I} )} * YIELD{I} * SPEED{I) * W(K} ouUTd264)

1= EFFIC{I) /7 8.25 auTo2£%59
RFPTNH = { RAXHP / D.96 + RPTOHP ) / XLFTR QUTG2E8%
RNLTS = SPEER{I) / TRATICINSOILIT)) QUTC 267D
RPWT = WIK) * FFACTRI(I) / DRORTWINSNILITIIL.IMPCLS{1}) + WK} auTnR2erd

1*FFCTRCII) /NDRORTW{NSOIL{I )} NCCAODE(T)} OUTQ2650
TOTPUL = WIXK) = {FFACTR(I) + FFCTRC{I}) ouTa273°2
TTRWT = RRWT / .75 - ouToZ271aG
WRITE{NPRNTR,A020) MNOPLI(T}, NAPZ{I1), NOP3{I), RFPTCH, RPTOHP, nuUTH2723
1RDRHP, RNLTS, TONTPUL, PRWT, TTRWT ouUT 02730
8020 FORMAT (12X +3A4 42X 3F Qa2 49K sF0e2,4X s FTa243XgFBe2y2XoF8sls 2XaFBaly ouUTO2740
16X4FBa1 ) - ’ ouT027%0
8025 CONTINUE : puUTN2740
RETURN puUTOD?2770

END : ouTC2789
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SURROUTINF PAGE PAGQOCOL1D
: PAGONO20

PAGOOD3Q

NUMBERS OUTPUT PAGES : PAGOCO40

. ] : PAGOUB IS0

‘ . PAGNLO&0

COMMON AREA NOF INPUT DATA CODES FOR IMPLEMENTS, PAGRCOTO

FUELS, AND SOTLS PAGQNURD

. PAGDOICYN

COMMON AFCDDE(4)y ICONDE{4), NSCODEL4) PAGQOC10QND
. PAGOOL10

PAGRAL2D

COMMON AREA OF SCALAR VARIABLES PAGCN130

PAGDNLSN

COMMNN A, 4 NDLTAHP, ESTHPL, FCPCTT, HPPFP, HT; KPAGE, NCREDR, NM1,PAGD015D
TNMZ, NM3, NW4, MMG, NMAR[M, NMRROR, NMMARPR, NMRPTR, MPRNTR SPTRAC,PAGAOANLLD
2PURTR,y RMTR, SMNRGD, SMMRGP,s SMNRGT, TFTYPE, TPP, TPPI, TRONTT, PAGCILTO
AXLFTRy XLTFET PAGQOILFND
. PAGOQLRC

PAGONZ2I0

KPAGE = KPAGE + 1 PAGAD210
WRITE(MPPNTR, 100} KPARE PAGOL 220
100 FORMAT(1H1,S5HPAGE ,15/7/) ) . PAGOD22D
RETURN PAGJC240

END PAGO0DZ50
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100

105
110

115
120

125

SURROUTINE SCNVRT(ISCODF)

CONVERT ALPHABRETIC IMPUT SOIL CODE,

NUHBER

1SCGOE, TO A

COMMON ARFA NF INPUT DATA CODES FOR IMPLEHENTSf

FUELSs AND SCILS

COMMON AFCCDE(4), [CODE{4), NSLNDE(4)

IF ( ISCONE - NSCGDE{1}} 105, 100, 105
ISCANE = 1

RETURN

TF { ISCODE - NSCONE(2}4 115, 110, 115
1SCODE = 2

RETURY

IF ( ISCODE - NSCODE(3)) 125, 120, 125
1SCONE = 3

RETURM

[SCONE = 4

RE TURN

END

185

SCNODO10
SCNOOR20
SCM0GO30
SCMRLGC4A0
SCNCRO&D
SCNOCNA0
SCNO0QTC
SCNOQOFO
seNanCaen
SCNOO15G
SCKJ0119
SCNOOI1ZN
SCNOQD120
SCNOQ1L40
SCNOD1SQ
SCNOO160
SCNOOLTO
SCNODL1AG
SChNOO1A90
SCNDD209
SCNDO210
SCNOD220
SCNDC230
SCNDG240
SCNOOZ2S0



SO0 aNeslaNaNeluNaReNaNa N RaRa o g

[a NN alel

aNaNalal

186

SURRDUTINFE SELECT { HPMAX, SMLCDST, XHNTRS, *, * ) SELQ0010
SFLO0OZN

SFLOCN30

CALCULATES OPFRATION CNSTS AMD COMPARES WITH CUSTOM  SEL Q0040
COSTS TO NETEQAMINE WHICH IS MOST ECONOMICAL SELOQCSD
SELCGIAD

: SELQOOTO

HPMAX —= TNTAL TRACTOR HORSEPNOWER AVAILARLE SFLGCORN
SMCOST —=- TOTAL ANNUAL COST DF THE FARM MACHINE SFLYrcen
SYSTEM SgELonNico

XNTRS == NUMAER OF TRACTORS IN THE FARM SYSTEM SELCL10
SELODL120

SFLOOL130

COMMON AREA OF INPUT OATA CODES FOR IMPLEMENTS, SFLAC¢La0
FUELS, AND S5D0TLS ’ SELOCLSO
SFLOO160

COMMNN AFCONE(4) . ICCDE(&), NSCODE{4} SELCCLTO
: SFLCOLRO

SELQOL®O

COMMON AREA QOF SCALAR VARIABLES SELQ0230
SELnOZ21N

ChMMQN Ay Cy OLTAHP, ESTHPL, FCPCTT, HPPER, HT, KPAGE, NCFNR, NM],SELINZZD
1INMZ, N3, NM4, NM5, MMRRIM, NYARDP, *MARPR, NMBRTR, NPRNTR,PPTRAC,STLCC230
2PURTR, RMTR, SMNRGD, SHMNRGP, SMNRGT, TFTYPE, TPP, TPPI, TRONTT, SELQJZ24N

AXLFTR, XLIFET SELOD250
SELDO24AD

SELNOZT0

COMMON AREA OF ARRAY VARIABLES SELNO2ROD

. . SELLG299
COMMON ACTMP{&1Y, ACTMP1{S5)), ACIMOZ2(5C), ACIMP3(5]), ACIMP&{50), SFLOD2UD
1ACTMPS {501, ACIMPH(%00, ACIMPT{EY), ACIMPB(SN), ACRESTISA), SELG2312
2ACTOTALSD) ., ATTACHISDY, AUXENGISO}y AXHPLV{SU)s AXLFTR(531, SFLCO320
IAXMXHP {500, RASUSN(S0), CNTRCT(55)y COMRIGISI), COSTIISDY, SEL2N229

4COST2(50), £OST3L50), COSTS(53}, C25T515%1, COSTEI5D), COSTTIST), SSLG340)
S5COST8(50), COSTIO(SD), CPOPA(SI), NUSTUMLSD), CULSD), DRPRTW{444) ,SFL2LT5D
6DISTR(501y NTAAHP(4)y E{50), EFFICISCY, FCPCTA(SD}, FCPOTL (50D, SELSC260

TFCOCTIISL) , FEFFIC(SD), FFFICK(S0), EFACTRISI), FFCTRX(5Q), SELSL370
8FFCTPC{5%), FPRICFE{ 4), FTY2E(50}), FUFLLI50,4), GI50]) SELLO380
COMMON HO{50)y HPHRTCUS)) s HPHETI(S5CG), HPHRTX(50), IMPCLS(5Q), SEL0Q39D
INCCNDEI5G) s NMCHLI50), NMCH2{57), MMCH3(50), NMCHJL{5C) ., SELOC400
ZNMCHIZ (500 MMCHIZLISO), M0OP1L53), MO2205C), NGP2{5]), MPRL{5D), SELACALN
INPRZ (501, NEE3(50), NPR4&{S5}), NPRSIS™}, NSQIL(50), HTRLISO), SFLONA20
4NTR2(50), NTR3(501, MNTR&(5N), NTRS5(SN) ‘ SFLOG43N
COMMON NCSYPALSDY, OCSMPTIS0), NIL{SD,4), OPRICEL %), PP{53], SELOTA4LD

1PURAIS5D), PUPTI(S0), PUPEIN{S0), PURICISC), (53}, QALSD), PMALS0), SFLOGASD
2RMI{50), PMIC{50), RMATCH(SO), RYUNMESU4.4)s SFTYPE(S0), SHPGNI(S53),5ELD0460
ASNRGOCI55) y SNPGRISOY, SMNRGTISI), SPOEF(SL), SPFED(S5C). SPHP(5Q), SCLUN&TO

4SPLFTRIS2), SUMACISCY, SUYACCUIS0), TIWLI{G0}, TIMPMX{ISD), SELNO4ARND
STONSPR{5(0Y, TOMSTR{S5D}, TPIMRN(S0)}. TRATIG[4), TEEAUCL4), SFLOC4SO
GTRONTA[SC ),y TEDNTIESM), VALUE{S50)s W(50t, WE{50), W4HAX(50}, WS(50)5FLONSOO
COMMOIN XTHMPL{SIY,y XINAREX(S50), X{5C1, XFTYRE({50), XLARMU{E0), SELANSLD
1XLIFFA(RO)y XLIFETISD), XNDCTR(S5D), XNI®PS(50), XMIMPCI50], SCLANSZO
2XNOPS{S0),y XMNTRSNISQO), XTIMESUSOl, YIELDUSD), 2(50) SFLOCH3D
SFLONS40

SFLOO550

INITIALLZE SFLCOSE0

SFLOCST

DD 58 [3 = 1, NMARRNP : SELNDSR0
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CNTRCT{T?) = 1.0

99 CALL INITLZ (S4CNST)

[a¥e NaNe Ryl

OO0 [z NaXalel

DETFRMINE THE NUMBER OF TRACTNRS IN THE FARM MACHINE

SYSTEM

NTRS = HPMAX / HPPER + (0.99999
XNTRS = NTRS : .

FIND OPTIMUM [MPLEMENT WIDTHS

CALL WIDTH ( HPMAX, XNTRS )

i

COMPUTE PURCHASE PRICE FOR EACH IMPLEMENT

DO 400 T4 = 1, N¥AQTM

PP(I4) = Will4a) * PIRTIL(IS)

IF ( RNATCHII4) = Wil4a) FQs D.C } GO TO 400
NATCH = RNATCH(T4} '

DO 405 INA = 1l NATCH

RINA = INA

" DD 410 15 = le. NMARDP

410
405
400

(s NaNala)

35610

3650
3651

IF [ xX(J4) LNR. BASUSNP{IS) *= CNTRCT(IS) )} GO TO 410
IF { ATTACHIIS) JNE. RINA } GO TO 410

PPLI4) = PPLI4) + PURA(IS) = W{I4)

GO TO 405

CUNTINUF

CONTINUE

CONTINUE

COMPUTE CNSTS FOR EACH IMPLEMENT QPERATION
DO 55 1 = 1, NMARQP )
IFTYDE = FTYPE(T)
IXTYPE = XFTYPE{I)
J = XIMPL(T)
IF ( W(J) «GEa De0 <ANN, CNTRCTII) +EQe 0.0 1 GO TO 3699
IF { WiJ) .GT. Q.0 ) 60 TO 3651 )
IF { COMRID(I) .NF. 0.0 ) GO TO 3610
CNTRCT(1) = 0.0
6N TO 99
NGO 3650 11 = 1, NMBROP : o
IF { COMBIN(IL) = GNTRCT{I1l) .NE., XINDFX{1} } GO TO 3650
IF { COMRIDII) JME. XIMDEX(Il) } GO T 3650
CNTRCTII) = 0.0
CNTRCT(T1) = 0.0
GO TN 99
CANTTHUE
1F { COMRIDITY oFNe 0.0 } GO TO 3699
NN 3663 11 = 1, NMRRNOP .
IF { COMRINEIL) * CNTRET{IL1) oN. XINOFXITY ) GO TO 3660
1F ( COMRINIT) JNEa. XINOCXCIL) ) GO TD 36&0
Jl = XI1¥PL 1)
WCLI) = WiJl)
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SELOODS540
SELOO&CO
SFLOD&1D
SELQ0620
SFLO2630
SELN064Q
SELOOGSN
SELATFAQ
SELODETO
SFLNOOFRPO
SELOO6SO
SFLOCTND
SELOOTLO
SFLOCT720
SELNCT2D
SELONTAOD
SELOGTSD
SELQOT50
SELDQTTO
SFLOATRD
SELOOTIC
SELOOPOO
SELODALO
SELOOUR2ND
SELNOR3Q
SFt. 00R40
SELOUBSO
SFLONBAL
SELOD8TO
SELoneng
SELQCRC
SELONSDO
SFL2091D
SELOOS20
SELJ0970
SELONS4N
SELQ0GSD
SELODO&0
SELDO9TO
SELONIRD
SELQOSN
SELDL1020
SFLO1C10
SELOLINZ0
SELOLD3D
SFLOL1C40
SELO14350
SELOL1060
SELQ1070
SELO1NEQ
SELO1CS0
SELD1120
SELOLLLO
SELO1170
SFLOL1120n
SELD1140

SELOLLSD

SELN1160
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OO0

3660

3699

3700

3702

612

441

391

3921
393

aNeNalNal e XaNe g el el

aNeNa e s Xz Na Nyl

3931

52

XNTMPELT) = XNIMPS([J1}
G0 TN 3699
CONT INUE

COMPUTE HOURS OF USE

HO{I) = 0.0
IF ( W{J) EQe CeO ) GO TN 3702

188

SELO1170
SFLOL11FO
SFLO1190
SELO1200
SELU1Z210
SELOI2PO
SELO12™0
SFLO1240 -
SELO1250

HO{T) = Ro25 * ACRESO(I}/( SPEED{1})} * WIJ} * EFFICC(IJ) * CNTRCT(IISELO126C

SHIFT MACHINE NAME

NMCHJLLJ) = NMCHLI{T) *
NMCHJZ(J) = NMCHZ(T)
NMCHJ3(J) = NMMCH3{1)

IF ( CMTRCTIT) — 1.0 ) 55, 441, 612
CALL FRRAR | 7, I, ERGCNT )

RETURN 1

IF ¢ Q{I) .EN., Q0.0 } GO TO 55

COMPUTE OPERATION CDSTS FOR COMPARISON WITH CUSTOM
RATES .

FXDCST = 0.0

IF { SUMAC{J) ) 391, 393, 3921

CALL ERROP { 10, Jy ERCNT )

RETURM ] )
FXNCST = FXNOST + FECPETI(J) * PURTLI) / SUMACLY)
IF ( ACTATACIN) 291, 52, 3931

EXNCST = FXDCST + FCPCTA(1) * PURA(T) /7 ACTOTA(I)

FIXED COST FGR THE IMPLEMENTS, IT 1S PRORATED
ACCORNING TD THE AREA WORKED FOR THIS OPERATION
OVER .THE TOTAL AREA WDRKED BY THE IMPLEMENT

COSTL{I) = WilJ) = ACRESO(I} #* FXDCST

COST OF LABOR

COST2(1) = HOLT) * [XNTRSN{IY %= XLABOR{I) #* TPOWRD(I) / XTIMES(I)

1+ XNOPS[I) * XNIMPS{J) )

REPATR AND MAINTENANCE COSTS FOR THE [MPLEMENTS

COST3(T) = HOL1) #* W{J} = {(RMI(I)} * PURIOII) + RMA{I} * PURALI]

CCST 9F TIMLINESS

COST&4UT)Y = HO(I) #* TIMLI(I)} * CROPA(T)} = YIELDU(IY % VALUE(I} /
1 XTIMES{I) :

SFLC1270
SFLO12¢8D
SELOL290
SELO1300
SELO1310
SELO1Z20
SELO132D
SELO1349
SELO1359
SELOL3EN
SFLAL1370
SELO13E0
SFLO13%20
SELOL16M0
SFLO1410
SELO1420
SELO1420
SELO1440
SELD14350
SFLN1440
SEL214a72
SELOLI&BD
SELD14%0
SFLO1%32
SELO1519
SELOLISED
SFLOL1530
SELQL1540
SELO1550
SFLOL15L0
SELO1S570
SFELO1581
SFLO1520
SELO1650
SELR161D
SELO1620
SELOLI&2D
SELO1640
SFLG165C
SELO1€ED
SELO1670
SELO16FOD
SELOD1ESD
SELOLTC0
SFLO1710
SELOL1T20
SFLO1730
SELOL1740
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SELOL175N0

COST OF REPATR AND MAINTENANCE FOR THE TRACTOR SELO177 D

' : SELQ1770

COSTSI{I) = HO(I) * TPOWRNIT) = ARMTR * PURTR * QII) / XTIMESII) SELOL1 T8O

' : - SELOQ17S0

] SELDIRGO

COST OF DIL SFLO1810

SFLO1R2D

DILIIGIFTYPEY = DIL{I,IFTYPF) + HNIT} % DCSMPT{I) / XTIMES(I) SELGLRIN
OILCILIXTYPE) = GILC14IXTYPF) + HO(I) * NCSMPALT) STLI1R40
COST&LIL = NILIT,1) = OPRICE(LY + NILIT,2) * OPRICEL2) + OIL(I,2) SFLOXIRYD
1% QPRICE{(3) + AIL{I+4) * OPRICEl4) SELO1FEL
i ; SELT1RTD

SrLO1830

FIXED COST OF THE TRACTDRS, PRORATED ACCORNDING SFLA1R7Q

TO THE ENERAY USED FOR THIS OPERPATION NVER THE SELQL1en0

TOTAL ENERGY USED SELN1910

; SFLO1220
COSTT{I) = SNRGNI(I) * FCPLTT * PURTR = TPOWRD(IL) * Q(1)} / SELO1920
1{SMNRGP + SMNRGT + SMNRGN) SELO1S40
SELQ1950

. . SELO1940

COST OF FUEL . SELQ1970

SFLO1T8)

FUELCI(I,IFTYPE) = FUFLCII,.IFTYPE} + SNRGOI[IY * FEFFICII) SELO19S0
IF { AUXENG{I) JNE. 1.9 ) 60 TO 521 SELG2CNN
FUELG(L,IXTYPE} = FUFLCI{IIXTYPE} + (0,22 = FFCTRX(I) % ACRESOUT)ISELJ2010
17 (EFFICCT) *= AXLFTO(I)} * 0,96 * DTNAHPINSQILIINY )+ HPHRTX(TI) = SELD2020
ZACRESO(IY * YIFLDI(I) / AXLFTR{T} )} * FEFICXII) SELQZ2C20
821 COSTS(IY = FUFLCLT,1Y * FPRICE{L) ¢ FUELC({1,2) * FPRICE{(2) ¢ SEL22040
C1FUELCIT+3}) *= FPRICE(3) + FUELC(I.4) * FPRICE(4) : : SELOZOS0
- " SELOZ2CHD
, g SEL 02070

- TOTAL COST, COSTIO SELO2GRN

’ f SFLO2GN

COSYIO(1) = COSTI{I) + COST2[1) + COST3(I1) + COST4(1) + COSTSIT) SELQ21CO
14 COSTe{1) + COSTT{(I} « COSTH{I} SELOZ2110
55 CONTINUE SELQ212n
’ SFLO213D

SELOZ214D

COMPARE DPERATION COST WITH CUSTOM COST SELO21%0
AND "eaeIF THE CUSTOY COST FOR ANY SINGLE NPERATION SHOULD SELD21&0
BE LOWER, AN INDICATNR MUMRFR FCR THAT OPERATION 1S DEFINED AS SELD217D
ZERD AND THE SOLUTION 1S STARTED AGAIN.' THE VARTABLE NAME FOP SFLOZ2180
THE INDICATNR NUMRER IS CNTRCT. ) : SELQ21°D
SELO2200

0O 4000 T1 = 1, MNMBRNP ) ) SELD2210
IF { XNDCTR(I1l) «%9. 9.0 ) GO TO 4000 SELQ2220
IF ( COMRINDITI1) NE. 2.0 )} GO TO 4250 : SELO2230
[F ( CNTRCTLIl) .E2. (.0 ) GO TO 4100 © SELDZ2240
IF ( COSTIGUIl) = CNST4({IL1) = CUCILl) = C 4LEs D40 ) GO TO 4054 SELO?2250
CNTRCTIIL) = Q.0 SFLOZ2260
G0 TN 99 ) SFLO2270
4100 COSTION(IL) = CUITILY & TIMLI(ILl) * CROPA(TILY * YIELD(ILl) *VALUEIILlISFL 228D
17XTIMESIIN) % Be25 * ACRFSO{I1) /7 | SPEED{IL) * wWMAX(Il) * SELOZ2G0
2EFFIC{I1)) ) ) SFLG2300
2111) = curIL : . SELOZ2310

CAST4{I1) = COSTIO(T1} — CULIL) SEL02320
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4200

4300

4553

45090

4054

4000

550

[z XaRalkal

GO TO 4054
0o 4500 12

14+ MMRRNOP

IF { COMAIN{TL) JMF, XINDEX{I2) )GO TN 4550
IF { COMRIN(IZ2) JHMFa. XINDEX{TL) } GO TD 4500
IF [ CNTRCTUIL) 4204 040 ) A0 TO 4300 -

1F { COSTIOD(ILY} + COSTINII2)Y - CNST4{I1) - COST&(I2) - CUlll) -
1€ «6T. 2.0

COSTIONTY)
COSTL(I1)
cosr2(11)
COST3{11)
COST4 (11}
cesTsiIl)
COSTo(11)
COSTTII)
COSTRIIL)
G0 TN 4054
¢OSTIONTY)

L T O [ TR | 1|

G0 TN 45580
CASTINI(T1) + COSTINCL2}
CNSTYIIIL) + CNSTIIT2)

COST21I1Y + £OST2{12)
COSTZ(I1) + €NSTIL{12)
COST&{TL) + CRST4(12)
COSTSLI1) + COSTS(12) -
COSTS(T1) + CASTALI2}
CASTTLILY) & COSTI(12) d
COSTA{lIl) + CNSTR(I2)

CUtIl) + ( TIMLECIL) + TIMLI(IZ2)) # CRNPA{IL) *
LYIELDAIL) = VALUF(ILI/XTIMSS(I1) * 8425 * ACRESO(I1}/(SPEFD(T1) =*
2WMAX(TL1) = EFFIC(T1))

{111 = CutIt}

COST4(1I1)
GO TO 4054
CNTRCTI(I1)
CNTRLT (12}
GO T 99
CONTINUE
G2 TO 4000

'THE SUM OF THE TMDIVIDUAL GPERATION CNSTS IS THE CNST OF THE

-

non

COSTIANLILY — CU(T1)

0.0
0.0

SUM COSTS, HOURS, AND INVESTMENTS
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"SEL02330

SELD2340
SFLOZ23250
SELD23en
SELD23T70
SELOZ2287
SELQO2390
SFLO24UD
SELQ241D
SFLD242n
SELQ2479
SELQ2440
SELQ245)
SELQZ460
SELO2470
SFLQ24FD
SELQ24c0
SELOZ2E0D
SELR25%172
SEL2257)
SELO25ED
SELON2549
SFLO?259)
SFLO25¢0
SEL02570
SFLG25A0
SELO25¢<0
SELO2630
SFLO7E1D
SFLOZ?620
SELOZeRN
SFLO?6432
SFLNZESD
SFLA2ARAD

MACHINE SYSTEM AT THAT PACTICULAR PDWER LEVEL AMND IS CALLED SMCOSTSSLZZETN

SMCAST = SMCOST + COSTIO(IL)

v NMRRIM
+ PPL )

HT = HT + HO[I1)
CONT INUE

DD 550 4 =1

TPP = TPP
CONT INUE

PPTRPAC = PURTR * HPMAX
TPP + PPTRAC

TPPI =

PRINT OUT PNWER LEVEL ANSWERS

CALL NUTPUT § HPMAX, SMCNST, XNTRS )

RETURN 2
END

SELNZ67D
SFELD2&95
SEL227.0
SFLO2710
SEL02720
SELD273D
SFLO2740
SELOZ275)
SELOR27£D
SELD2770
SELQ27°0
SELO27<9
SELQ2FNN
SELOZR10
SFLO2R?C
SFLO2R2D
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SURROUTINE WINTH { HPMAX, XNTRS ) WIingnotlo
Winconzo

Winaceosin

CONTROLS SFARCH FOR DPTIMUM [MPLEMENT WINTH, WIN30t40

Winocaso

WINOOGED

HPMAX == TOTAL TRACTDR HORSEPDWER AVATLABLE WINnynaTa

XNTRS =— NUYRER {JF TRACTORS [N FARM MACHINE SYSTEM WINOrRAN

Winnopen

Winoo1Co

COMMON AREA DF INPUT DATA CODES FOR IMPLEMENTS, Wingaliln

FUELS, AND 50ILS Winncizn

) ' WIingL13o

COMMON AFCODE(4), ICODE{4), NSCODEL4) HINON140
< Winoo1sn

WINOD14y

COMMON AREA OF SCALAR VARTABLES WINAQIT0

Win3jdiago

CAM4DN A, Cy DLTAHP, ESTHERL, FCPCTTy HFPFR, HT, KPAGE, NCRDR, MNM]l,wICQ01%)
1NMZ, NM3, MM4, NM5, NMBRIM, NMAGNP, NMRIPRA, NMROTR, MPRNTR,.PPTRAC,Wirju2n)
2PURTRy RMTR, SYMMRGD, SMNRGLP, SMNRGTs TFTYPEs TPPe TPPI, TRONTT, Wicaazin

3XLFTRs XLIFET Win3o229
. WIDOQ2320

: WIDJIJX24N

COMMON AREA NF ARRAY VARIABLES WIDICZ50

. WINNG269

COMMNDMN ACIMP{5]),y ACTMPLISO), ACTMP2(S0),y ACIMPI[50), ACIMP4(50), WINDIJ2TN
TACTMPS({S0), ACIMPA[S]), ACIMPTISD), ACTYPB(S5N), ACRFSO{S50)., WIinuu290
PACTUTALSO), ATTACHIS )Y, AUXNEMNGIS)), AXHPLV(SO), AXLFTR{50), WIinag2so
FAXMXHP (G0}, BASUSNIEIY), CNTRETISQ)y COMZTIN{SN}s NNSTLI(SD), WINCA3IN0

4C0ST2(5%), COST3{S50Y, COST4{52), COSTS{5C), COSTAHI50)y COSTTIRC), w!T22310
5CNSTB(50), COSTIO(SO), CRNPA(S0), CUSTCY{S5D)y CLIISD) s DAPRTWI444),WIN32229
60D1STR(SD)y DTOAHPL4), E(5N), FFFIC(S0),s FLPLCTA[SN), FCPCTC (S0}, WIDNNI30

TFCPCTI{5C), FEFFICESO), SEFICX{53) s FRALTR(S5u) . FFCTRX{50}, WIR27 349
BFFCTRC{50), FPRICEL 41}, FTYPF{50), FUCLC{5Gs%)s GI5G) WIn30sn
COMMON HO(S50), HPHRTELISI) s HPHRTI(S0), HPHRTX{SG), IMPLLS{SO), WINZT362
INCCONE(S50)y MNMCHIIBD), MNMCHZ2{ S50}y NMCHZ{50) 4y MMCHIL(G0) ., €iIngp3re
2NMCHJIZ2150) , MMEHU3 (501, NNPL(5O), NOPZ2(53}, NNDP3{50), NPR1(50), WInea3nd
ANPR2{50), MNPR3I(50}, . YPR&A(SD), NPRS(59), NSTILISQ), NTRL(50], WInanied
GNTR2{521, NTR3I(G7), NTR4ISC}, NTR5(E0) - Winncsand
COMMDN DCSMPA(SH),y OCSMPTI50), DILI50,4), OPRICEL &), PPISO), W1903M410

1PURA(50), PURT(50), AIIRIN(S0), PURICIS0Ol,y AL50), DAISG), RMAISO), WINIT4ZD
2RMI(50), RMICISNY, RNATCHI(SO), RWNLS(444)y SFTYPE{S5N),s SMRGDI(50)},,WIN3%430
3SNRGNC{SI) y SNRGPISO), SHPGTIS0)e SPOFFISI), SPEFDISG), SPHR({SD), wWINT2440

LSPLETRISOY, SUMAC(S0Q),y SUMACCISN), TIMLIL{50), TIMPMX(501}, WlN30450
STONSPR(501, TONSTRISO), TPOWRDISO)s TRATIOI4), TRENUCIA), WIDD(440
GTPONTAL{SD),y, TANMTI{SDY, VALUE(SO)y WISI1, WOI50), WMAX{50), WSI{SDIWINCN4TD
COMMAN XIMPLISO)s XIMDFX{57), X{52)y XFYYPE(SQ), XLARDR{S50]}, WINUO4RD

1XLIFFA{S0},y XLIFFI[57), XMDCTR{SD), XNIYPS{S2)y XMIMPC{S0), WIDI04cD
2XNOPS (50, XMTRSN{S50), XTIHMES(50), YIELD(SD), Z2(50) C Ealelal-Toln)
HINIOSLO

winaigszn

FIND INITIAL INTERVAL DOF UMCERTAINTY FOR [MPLEMENT WInacs30

WIDTH . WinJA6an

WINONsso

DO 850 1 = 1y NMRRIM WINGCSs0

IF { TIveMX({1) * WS(1} .FO. D.0 } 6O TO 956 WIDGNSTO

IF { Willl «EQe T80 ) 61 TN 9% WIDN0S530
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CALL IMPAL { Wl(l),y, ACOST, I, HPMAX, XNTRS )} WINOngsQQ
G0 TO 850 - WINASAGH
Wil = 0.0 ’ WIND0E10
GO TO 850 ) WINJ0620
* WIDQUs30

: . WINDOE4D

DEFINE MINIMUM WIDTH DF IMPLEMENT AS 0.1 FDOT WING1650

. WINGOAKO

W2 = 0,1 . . WID%00670
CALL IMPAC { W2y FW2, I, HPMAX, XNTRS 1} ‘ winonesd
WIN0D&SD

winan710

INITIALTZE TOTAL MAXIMUM WIDTH FOR IMPLEMENT EQUAL TOWINIOT1D

5.0 TIMFS THE DESIRED “AXIMUH WIDTH QF A SINGLE WIDJJ720

[MPLEMENT UNIT WINno739

WinJ3a7a0

Wl = WSI(I1} * 5,0 wWINOETSD
IF [ TIMPMX{T) .EN. 100.0 ) GO TO 31 WIDRATHU
ng 100 J = 1, NMRRQP : WINDe77H
IF { X{l] «NE« XIMPL{J] * CNTRCT(J} ) GO TO 100 ’ Winno7an
1IF { TPOWRD(J) «NE. 1.0 ) GO 7O 100 WiNYNT0D
. ’ Winpoano

WIDONR1O

FOR TRACTOR POWERED IMPLEMENTS REDUCE TOTAL MAXIMUM WIDDOR20
WIDTH TQ SATISFY HORSEPOWER PER TRACTOR CONSTRAINT WINOTARTY
' Winodasn

WLIMIT = XLFTR*(HPMAX/XNTRS}/(SPEED{I) = (FFACTR{J) +« FFCTRC(U}) FWIDDCESRD
103600 *= NTOAHPINSDIL L)} )+ { HPHRTILJ) + HPHRTC(J)) * YIELD(J) = WINCNA&D

2SPEED{J) * EFFIC(J) / 8425 ) WINGUB70
TF ( WLIMIT <GTa WSIT) * TIMPMX(I)) WLIMIT = WSII) # TIMPMX{T} wingneen

TF ( WLIMIT & XNTRS .0T. W1 ) Wl = WLIMIT * XMTRS - WINOORSN
100 CONTINUE _ _ WIngynann
, W1n00910

_ Winneazn

EOR TRACTOR POWERED IMPLEMENTS, REDUCE TOTAL MAXIMUM WIND3933

WINTH TO SATISFY NUMRER OF IMPLEMENT UNITS PER WINgNS40

TRACTOR CONSTRAINT WINDO0250

: ; : WIDON26D

31 NIMPS = Wl / WS(1) + 0.9959% : WinaonsTe
RNIMPS = NIMPS ' ‘ ®IDGOGR0

IF ( TIMPMX(1) L£0. 190.9 ) GO Tn 81 WIDOOS90

IF { XNTRS * TIMPMX(I) «GEes RNIMPS ) GO T0 81 WIND1000

Wl = W1 - 0.5 , WIDCLO1N

IF | Wl .LTe 1.0 ) GO TO B850 ' ; WINALE20

GO0 TO 31 : . WINoN1030
WIDD1040

WIDD1050

81

FOR IMPLEMENTS HAVING AUXILIARY ENMGINES, REDUCE TOTALWINGLAAD
MAX[MUM WIDTH TOQ SATISFY AUXILIARY ENGIME HORSEPOWER WINOL1CTN

CCNSTRAINT WIDD10RO

Wina1oan

DT 110 J = 1. NMARAP ) WINO1130

IF O X{1} «NS. XIMPLIJY * ONTRCTIJ) ) GO TO 110 WiNnQ111ln
IF | AUXFNGID] JMNe g L1a0 ) 67 TO 11D WIiNGo1120

WLIMIT = AXMXH2L)) = AXLETR{J) * RHIMPS / (SPEED{J) = FFOTRX({J) / WINQL12D

1(360.0 * DTNAMLSDTILIAY}) )+ HPHFTX(Jl # YIELDAJ) = SPEED{J) = wihalian
2EFFICIJY /4 1a723) a0 WINO1152
IF { WLIMIT .hGFa W1l ) R0 TO 110 Winol11en
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Wl = WLIMIT

GO TN 31

CONT INUE

1F ( Wl .LTs 1.0 ) 0O TO BSO

CALL IMPAL { wWle FWlys 1ls HPMAX, XNTRS )

WLRGE = Wl

WLOW = W2

WHIGH = 41 .

WRNGE = WHIGH - WLOW

IF { WRNGE oGT. a3 ) GO TO 190

WI) = Wl

1F | FW2 JLE., FWLl )} WIlI) = W2

GO TO 825
USE FIBOMACCT SEARCH TD FIND DPTIMUM IMPLEMENT WIDTH
INTERVAL OF UNCERTAINTY REMAINING AFTER SEARCH 1S
Oe5 FEET

N =1

FO = 1.0

Fl = 1.0

FN = 1.0 )

IF { 1aD / FEN «LE. 05 /7 WRNGE ) GO 7D 192

FN = FD + F1

Fg = Fl

F1 = FN

N=H+1

GO 70O 191

Wl = FO = WRNGE / FN + WLOW

W2 = WLDW + WHIGH = Wl

CALL IMPAC( wl, FWly I+ HPMAX, XNTRS }
CALL TMPAC { W2, FW2ys T, HPMAX, XNTRS )
JF [ N LE. 2 ) GO TO 197

NO 195 M = 3, N

IF { FW1 .GF. FW2 ) GO TO 196
WLOW = W2

N2 = Wi

FW2 = FWl

W1l = WLOW + WHIGH = W2

CALL IMPAC [ Wl, FWls T, HPMAX, XNTRS }

GO TN 195

WHIGH = Wl

Wl = W2

FWl = Fu2

W2 = WLOW + WHIGH - Wl

CALL IMPAC { w2, FW2, T, HPMAX, XNTRS }

CONT INUE

WIT) = W2

IF | FW?2 «GFe FWL } W(I) = ul

IF ( Wl1) (LT, 1.0 ) GO TN 850

N 55 11 = 1, MMARAP

TF ( COMATND{IL]} * CMTRCT(TI1) «FRe 0.7 )} GO TN 55
IF  XIMPEAI1) «NFe X[ID ) GO TO 55 :

No S0 12 = 1, N#=aOp

IF ( COMRENITL) JMFe XIMPREX(T2) * OCNTPCT{I2) } GN TO SO
IF { COMARINDLITIZY JNF. XINDEX(ILY ) 60 THh 59

193
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I3 = XIMPL{T2) : : WINO1750
IF [ XIWOL{T2) ofTe XIMPLITL)} ) W(I3) = WI(I) WiNA1THo
CONTIMUE » WIDQLITTO
CONT INurE WINO1TEND
CONT INUFE : wWIna17sn
. : HIDJ1RCD

wina1el1n

IF OPTIMUM WIDTH IS LESS THAN 1.0 FNOT, SET IMPLEMENTWINQ182N

WIDTH T 0.0 ) WID21B83N

' WINQLAe4D

D0 908 I = 1, NMRRIM ' Winglaso
TF { WD) alTe 1a7 ) WIID = 0.0 WiDO18AN
CALL IMBAC { WUI), ACAST, I, HPMAX, XNTRS ) WINOQLA70
CONTINUE ’ Winhalaen
RETURN # wino1agn

END : L3 1e3 alsis}
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A computer program which performs an economic analysis of farm

machine systems was obtained from Donnell Hunt. The program selects
- tractor horsepower level and implement widths which minimize the total
annual cost of operation of the machine system.

Hunt's program has been improved so that computer time is used more
efficiently and its applicability has been increased. Input parameters
required describe the tfpe of implements and field operations in the farm
machine system. The program has been revised so that it is now possible
to select a fuel type for every engine, use energy requirements for PTO
driven equipment, and use tractor drawbar performance information in
determining drawbar horsepower requirements. The program has been re-
designed as a set of subroutines which use several optimization techniques
used in management science.

Information received from the program has also been increased.
Information concerning tractors includes optimum horsepower level,
initial investment cost, annual cost of tractor operation, fuel and oil
consumption rates for each field operation, and an estimate of tractor
weight needed for optimum tractor drawbar performance. For each imple-
ment type, recorded information includes optimum width, initial invest-
ment cost,rand annual operating expense.

The program was validated by analyzing solutions suggested by the

program for existing farm machine systems.



