MACHINERY SELECTION AND SCHEDULING MODEL
FOR VIRGINIA
by

Huanbao Xiong

Thesis submitted to the Graduate Faculty of the
Virginia Polytechnic Institute and State University

in partial fulfillment of the requirements for the degree of

MASTER OF SCIENCE
in
Agricultural Engineering
. APPROVED:
/
\&/’”(" - ’/’L&.‘& (,
Steven J. Tthson Chalrman John S Cun(ﬂli&

qu(,\,\ga kb- \:QW

James W. Pease

August, 1994

Blacksburg, Virginia



LD
5655
VESS
EEE
X S66
Co 9



MACHINERY SELECTION AND SCHEDULING MODEL

FOR VIRGINIA
by
Huanbao Xiong
Steven J. Thomson, Chairman

Agricultural Engineering

(ABSTRACT)

A field machinery selection model originally developed by Dr. John C. Siemens for
Illinois has been fully studied and adapted to Virginia agriculture. The modified version of
this model is able to assist farm managers in selecting optimum machinery sets for multiple
cropping production systems. The program was written in the C programming language to
run on an IBM compatible personal computer. The program input information consists of
a list of desired field operations with start date, acres, and hours per day for each
operation. Other input includes crop yields, penalty dates for planting and harvesting,
availability and cost of labor, and certain economic data such as crop and fuel prices and
interest rates. Stored data files contain machine list prices and productivity values, work-
day probabilities, and equation constants for computing machine costs. For different
machinery sets or a specified set of machinery, the program schedules the field operations

and computes the total machinery related costs including costs for the machines, labor,



and timeliness. Using an optimization process, the lowest cost machinery set is determined
and the eight lowest cost sets found during the process are presented. For any of the eight
lowest cost sets, or for a specific set of machinery, the output includes a list of the
machinery with prices and annual use, the work schedule, the cost for each operation, and

total machinery related costs.
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Chapter 1

Introduction

1.1 Background

Machinery management has increased in importance in today’s farming operations
because of its direct relation to the success of management in mixing land, labor and
capital to return a satisfactory profit. If the American farmer is to continue to be
successful, all available resources must be utilized to their fullest potential (Freeman and
McGrann, 1990; Freeman and Whittaker, 1992).

The importance of machinery in the total farming operation is indicated by

machinery costs in relation to the total costs. Typically, machinery costs overshadow all

M Machine
Chemical Other Labor

Seed 6% 13% B Fertilizer

: B Seed

H Chemical

Other

Fertilizer
10%

Labor
1%

Machine
50%

Figure 1.1 Machinery Costs as a Proportion of Total Annual Costs
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other costs except land ( Haffar and Khoury, 1992 ). Machinery cost often accounts for
fifty percent of all annual costs (Fig. 1.1), and can run as high as $200 per acre ($500
per hectare) per year for intensive cropping systems on irrigated land ( Hunt, 1983). It is
not unusual to find that differences in profit from one farm to another are due solely to
differences in how machinery are selected and managed ( Whiston et al., 1981).

The problems of machinery management are varied in their nature. Following are
some typical examples of the more important problems. In each case, a decision made
could mean the difference between a profit or a loss.

e How much equipment should be owned ?

e What size equipment is needed ?

¢ How do you schedule the field operations using the current machinery set ?

¢ How often should you trade machinery ?

e Should you repair present machine or trade ?

Modern farming operations usually involve several different crops, with each one
having its own tillage, planting and harvesting requirements. There can be quite a number
of special tools by size and type for each field operation. But each machine purchased
involves overhead costs - depreciation, taxes, housing, insurance and interest. These
overhead costs, or fixed costs, can diminish profits rapidly.

Large scale equipment with large capacities can improve the yield of a farming
operation by enabling a farm manager to schedule field operations within a range of most

desirable working days. However, costs associated with large scale equipment may
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override the benefit of an increase in yield (Short and Gitu, 1991). Conversely, inadequate
equipment capacities can extend spring land preparation and planting times to the point
that crop maturity may be delayed and yield may be decreased. Harvesting may therefore
be postponed with a resulting delay or elimination of fall tillage operations. Current or
future return may be adversely affected from such delay.

Modern farming is a business. Like any business, one must attempt to make a
maximum return on the investment (Robb et al.,, 1990). Efficient selection and
management of equipment for the farm should help achieve both short and long range
financial goals.

Large machinery results in lower labor costs. Large tractors for example, furnish
sufficient power to complete large acreage jobs quickly. But unless the tractor has a high
annual use or the owner plans to own it for ten to twelve years or more, overhead, or
fixed costs can exceed even the most expensive labor costs.

Smaller tractors cost less per hour than larger tractors. By having high annual use,
the owner may be ready to trade in six to eight years instead of ten to twelve years.
Smaller tractors have less capacity which, in turn, can cause delays in key field operations.

By carefully analyzing the work to be done in the available time, tractors can be
selected to work with the correctly sized machines to complete important field operations
on time. This timeliness factor makes proper machine size selection important (Audsley,

1984).
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Size selection of machinery is based on a combination of expected performance
and expected costs criteria. Capacity and capital costs increase with size. At the same
time, performance improves, particularly with critical operations such as planting and
harvesting. Delays in planting can reduce yields. Delays in harvesting can reduce both
quantity and quality of production. These losses are called timeliness losses.

Figure 1.2 illustrates the interaction of machinery costs and timeliness costs to help

determine the optimum size of a machine.

Max. Crop Income

Cost

Timeliness
Costs

e

Labor Cost =
/// Machinery Costs ——
0
Small Large
MACHINERY SIZE

Figure 1.2 Costs Related to Machinery Size for a Specific Farm Size
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1.2 Objectives

The objective of this research is to adapt a machinery selection program for
Virginia agriculture. The Machinery Selection Program version 10 (Siemens et al., 1992)
was chosen for this study. This program helps the farm managers select the optimum
machinery complements to minimize the machinery related costs per acre based on the
cropping system, size of the farm, labor availability and costs, and current economic
situation. The program also schedules the field operations using the selected optimum
machinery set for the farm manager. The program was developed for the farming systems
of Ilinois. Because differenf farming conditions exist between lllinois and Virginia, this
program can not be used directly in Virginia unless modifications are made. This study
will focus on the methodologies used in the program and modifications needed to adapt
this program to a Virginia farming system. Specific tasks of this research include:

1) Running the program with several example farm data sets and analyzing the
results to reveal methodologies used in the program.

2) Analyzing the structure of the program to identify relationships among the
program modules and data files. This helps identify the necessary modifications to adapt
this program for Virginia.

3) Modifying and running the program with data from a Virginia farm obtained

by a farm management agent and analyzing the results.
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Chapter 2

Literature Review

The management of agricultural machinery is an area that has received significant
attention. Over the last twenty years, engineers and scientists have developed many
computer simulation models that can be employed to analyze a complex farm situation.
These computer simulation models can help farm managers make planning and/or
management decisions in the selection and optimum utilization of machinery, labor, and
other farm resources. A review of literature dealing with farm machinery selection reveals

several approaches to the problem.

2.1 Problem Solving Models

The first approach can be labeled the “Problem Solving Models” which is based on
budgeting procedures. This approach does not derive optimum machinery size or number
for a given farm because it excludes the interrelationship between timeliness and yield. The
main objective of this type of model is to assume completion of certain field operations
before a given set of dates to minimize costs. No penalty is assumed if operations were not
completed before a specific date. In this case, an adjustment in machinery size and /or
number is made to eliminate the timeliness costs. However, no investigations are
performed to determine if the saving in the timeliness costs are significant enough to

justify the added ownership cost of the larger implements ( Chen and McClendon, 1985,
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Chen, 1987; Ozkan et al., 1990). The models developed in this approach can be used to
serve as decision support systems for the farm manager and are simple and inexpensive to
develop and use.

Chen and McClendon (1985) developed a model called DCMOD for the southeast
region of the United States where double cropping soybeans and wheat is gaining in
popularity among producers. In this system, wheat is planted in the fall after soybean
harvest. Wheat is harvested in the spring followed by soybean planting. The model
simulates the effects on economic return from the rate of planting and harvesting
(equipment capacity), initial planting dates, and percentage of total farm acreage
double cropped. In the authors’ analysis, cropping seasons were independent with a full
wheat acreage available for harvest in the spring, regardless of the actual fall planting
acreage.

McClendon et al. (1987) developed a model called DCTEM. It was an improved
version 0% DCMOD which considered the temporal nature of field operations. DCTEM
allowed for interdependent years of field operations. Only the amount of wheat actually
planted at the end of the year was available for harvest at the beginning of the next year. In
DCMOD, a constant acreage of wheat was always available for harvest. The DCTEM
model utilized a yield and maturity date calculation that was strictly a function of planting
date with no consideration made to actual weather. A heuristic algorithm was used to
relate rainfall frequency to excess or insufficient soil water conditions. The relative

advantages and drawbacks of different machinery complements for three different size
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production operations were evaluated. DCMOD and DCTEM were written and executed
on a CYBER mainframe computer.

Allison et al. (1989) converted the original DCTEM model for use on PC
computers. To predict yield and maturity date data reflecting the actual weather year, two
crop growth simulation models were employed: SOYGRO Version 5.41 (Jones et al.,
1988) and CERES - Wheat Version 2.0 (Ritchie and Otter, 1985). Both models are
included in the IBSNAT (International Benchmarks Sites Network for Agrotechnology
Transfer) project (IBSNAT, 1986). Also a model was used within this program to predict
daily soil water conditions for field operation delays.

Chen (1987 ) developed a microcomputer model for selection of machines and
tractors. Equipment was pre-selected to be capable of completing tasks on time. Then, a
tractor was sized to provide the right amount of power to operate the equipment. In this
model, the user must identify the primary operation requiring the highest draft. In most
farms with one principal tractor, this operation would be primary tillage.

The user inputs acreage, available field working hours, operating speed and field
efficiency of the primary operation. Then, the model calculates the required capacity and
corresponding equipment width. The user selects a piece of equipment from the given
equipment file so the chosen equipment has a size equal to or larger than the required
equipment width. If no suitable implement is available, the user must select the largest one

in the equipment list. The user has the option to input and thus modify the equipment file.
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Once the equipment width for the primary operation is chosen, the next step is to
choose the tractor. The user inputs the draft for the operation and soil condition. The
model then calculates the required tractor horsepower. The equipment for all other
operations using the common tractor is selected next. For farms with multiple tractors,
each of the secondary tractors is selected using the same procedure used to select the
pfincipal tractor.

Whiston et al. (1981) developed a machinery selection model considering weather
risk. This model selects a machinery set that has enough capacity to finish all critical field
operations on time. By considering different weather risk levels, the mach;'nery size
associated to a risk level differs from the machinery size for other risk levels. The model
provides an opportunity to examine weather effects on the selection of machinery

complements.

2.2 Least-Cost Models

The second approach can be called “ Least - Cost Models” in which the least-cost
combination of machinery is determined for a specific farm situation. In this case, an
economic penalty is estimated for late operations. This penalty, which farmers pay
indirectly when critical field operations such as planting and harvesting are not completed
within an optimum period, is assumed to result from a reduction in quantity and/or in
quality of harvested crop. This approach can also be called an optimization method which

is capable of modeling a complex agricultural problem. It allows the farm manager to look
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at the effect of changing parameters as well as model sensitivity and limits of these
changes. It also allows the farm manager to recognize the full potential of the agricultural
system. The main objective of this type of model is to select optimum machinery
complements and also optimize working schedules. However, sub-objectives of these
models differ greatly.

Ozkan and Edwards (1986) developed a microcomputer-based computer model
called “Farmer-Oriented Machinery Comparison Model.” It was developed to investigate
the effect of changing machinery and crop production parameters on machinery costs,
timeliness costs, and the income generated from production of crops on a cormn/soybean
farm. Machinery ownership, operating costs, and labor costs of each user-specified field
operation are estimated. Completion periods of the field operations are predicted based on
the sizes of machines, labor available, expected suitable field days, and the acreage farmed.
Timeliness costs are estimated based on the predicted planting and harvesting dates. Five
examples were chosen to illustrate the usefulness of the model. The parameters varied
were hours of labor available each day for field operations, the tillage equipment size, and
the number of tillage operations performed on a 234-ha (600 acres) corn/soybean farm.
Each of these comparisons demonstrated how net income is affected by simultaneous
changes in machinery ownership costs, machinery operating costs, and crop yields through
improved timeliness.

Production parameters, such as earliest beginning dates of field operations,

geographical location of the farm, total acreage planted, proportion of acreage planted to
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each crop, and expected yield reductions by missed planting and harvesting dates, could
also be modified by the user to determine their effects on farm income. Economic
parameters that could be varied include interest rate and crop prices. By supplying and
varying these parameters, the user has the flexibility to describe many individual
machinery/crop situations and search for profitable trade-offs among ownership, operating
and timeliness costs.

Colvin et al. (1986) developed a simulation model to select optimum machinery
sets for a hypothetical 250 hectare southeastern Iowa grain farm. It reported optimum
machinery sets for three tillage systems: conventional, reduced, and slot-plant. The
objective of this model was to demonstrate the dramatic effects on machine requirements
when tillage is reduced on a fixed acreage. It has implicitly taken timeliness into account
by restricting the probability for field work to the 90% level ( or 9 years out of 10). The
probability level was the same for each system to keep the timeliness of operations
constant across all tillage systems. The values chosen for efficiency and speed for
calculating machine capacity came from a large-plot research project in southeastern Iowa.
It allows the model user to use specific field-verified data for each of the three tillage
systems. This increased the accuracy of determining optimum machinery sizes.

Ozkan et al. ( 1991) developed a simulation model called DREMS to evaluate
drainage effects on machinery selection. DREMS combined a machinery cost model, a
yield loss estimation model called TIMECOST, and a drainage cost estimation model

called DRAINMOD. One of the unique aspects of this model was its ability to determine
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soil trafficability conditions for a given day and soil type. Therefore, in contrast to limited
use of current timeliness cost calculation procedures, TIMECOST can be used to
determine the timeliness cost associated with corn planting in a poorly drained soil in any
of the corn belt states. The model, however, requires accurate data on weather, soil, crop
production and drainage parameters. Due to the limitations of the DRAINMOD yield
version, the TIMECOST model cannot determine the timeliness costs associated with
harvesting. Also, it cannot be used to evaluate timeliness costs associated with crops other
than corn. In spite of these shortcomings, the TIMECOST model provided a new
timeliness cost calculation procedure that is applicable to a wide range of locations. Using
this model, one can perform sensitivity analyses by changing drainage capacity and
machinery systems and seeing their effects on the timeliness cost. The most economical

combination of machinery and drainage system for a given farm could then be found.

2.3 Whole Farm Machinery Management System

The third approach can be called *“ Whole Farm Machinery Management System.”
Like the “Problem Solving Model.” this approach does not derive optimum machinery size
and/or number for the given farm. It utilizes weather data, machinery capacities, labor
availability, and information on operators, tractors, and implements for evaluating the
operational behavior of a farm system. It integrates conventional programming with expert
system techniques of artificial intelligence for analyzing simulation results and presenting

recommendations to the farm manager. Expert system technology allows someone who is
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not an expert in a particular field to make decisions based on the knowledge and
experience of experts in that field. This type of model can serve as a decision support
system.

Oskoui et al. { 1990) developed a model of this kind called a knowledge-based
machinery management system. This model has two distinct modules: A process oriented
simulation module and knowledge based, objective selection module.

The first component of this management system simulates a given farming system
with a given climate, soil type and cropping conditions and calculates a series of
alternatives and feasible machinery systems. It also creates a series of rules by which the
most suitable machinery system can be chosen.

The second component of the system combines rules created by the first module
with the knowledge acquired from domain experts to interrogate the user and select the
most suitable machinery systems from a pool of possible systems created by the first
component of the system. The user is asked some questions according to the results
generated by the first component of the system. The user chooses suitable answers to each
question and makes intermediate decisions that can eliminate the most unlikely choices
throughout the interrogation process. Finally the expert system will recommend an
optimum machinery set. The user’s interrogation of the system alters only the conclusions
drawn from a certain question rather than altering the internal knowledge of the system.

The candidates are selected by either automatic elimination by the program depending on
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the conclusions of the answers or manually by narrowing down the choice listed in the
manual selection mode.

By combining knowledge system techniques with conventional problem solving
techniques, Freeman and Whittaker (1992) developed an object-oriented simulation
model. It establishes a calendar of operations based on the existing farm resources and
uses an algorithm to check the feasibility of the defined calendar. This algorithm, used to
check the physical feasibility of the calendar, does not involve formal optimization
procedures. It does, however, perform a daily search procedure to ensure that the
operations can be completed by the defined ending dates without violating any resource
constraints ( time, labor, and machinery) defined by the farmer. The calendar is used to
determine if all of the work is completed during a normal operating year, with normal
operating procedures. If the work cannot be completed under normal conditions, then
changes in operating procedures are suggesfed by the expert system.

One of the unique aspects of this expert system is its ability to help the farmer
address within-season problems that may arise during production. These within-season
problems might include the loss of labor due to injury, the loss of equipment due to
machinery breakdown, and or the loss of time due to adverse weather conditions. For
example, if field operations are delayed due to weather or machinery breakdown, the
expert system helps the farmer assess the consequences of the delay. The expert system
proceeds from the day the field operation is expected to be continued and checks that the

operation can still be completed by the desired ending dates. If the operation cannot be
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completed, the expert system calculates the required increase in operating rate needed to
finish the operation by the ending date and the extra time required to complete the
operation at the normal rate. Based on the increase in operating rate and the extra time
required for completion, the expert system makes suggestions for correcting the problems.

The other unique aspect of this expert system is its ability to help the farmer with
long-term problems. These long-term problems may include renting or purchasing
additional land, the loss of labor source, or a change in the machinery complement
(tractor(s) and/or equipment). For example, if the farmer is considering additional acreage,
the farmer would need to know the difference between an increase in acreage that could
still be farmed with the farm’s current machinery and labor resources and one that would
require a change in these resources. This is important because of the high initial cost of
investing in new or larger equipment. The farmer can use this expert system to increase
the acreage of particular crops to recognize which crop will allow the largest increase in
acreage before additional machinery is required.

Lal et al. (1992) developed a whole-farm machinery management decision support
system. The overall goal of this system was to provide a planting and or management tool
for researchers, educators, and farmers to test different combinations of resources such as
equipment, crop mixes, and labor for different crop-management strategies over a variety
of weather years. It can evaluate the timeliness of different operations, the utilization
efficiency of farm resources (labor and machinery), and their effects on crop yields. This

decision support system also guides the user in revising cropping patterns, and in
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improving the utilization of machinery and labor. It can help evaluate the performance of
different farms for a particular weather year or performance of the same farm over
different weather years. The system consists of four components: Information Manager,
Operation Simulator, Expert Results Analyzer, and Yield Estimation System.

The Information Manager works as an intelligent front end for the entire system
and collects farm information. The Operation Simulator simulates field operations with a
one-day time step for all fields on the farm for the complete growing season. It produces
three types of reports, namely, work, no-work, and summary reports. The work report
contains information about the work performed during a simulation. The no-work report
contains information about tasks attempted that could not be done because of factors
such as non-availability of machinery or excessive rain during the day. The summary
report compiles information in work and no-work reports specific to each operation. The
Expert Results Analyzer helps the user decide on actions appropriate for improving their
farming operations. It evaluates the Operation Simulator reports ( work, no-work, and
summary) in the context of the resources available on the farm. It analyzes timeliness of
different operations for their delayed start and/or completion. It studies the utilization
efficiency of machinery and labor and identifies their excesses or deficits on the farm.
Yield Estimation System is used to predict production for the farm or for different fields
or crops, individually. It can help assess the impact of field level management decisions
(such as crop variety selection, irrigation, fertilization), farm level planting strategies

(machinery numbers, and their capacities, seasonal work schedule, etc.), and regional
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characteristics (sale prices, and production costs of different crops) on overall farm

production, gross revenue and net profits from different fields and crops.

2.4 Model Selection

Most of the models developed to deal with machinery selection employed the
second approach -- optimization method. Optimum machinery selection has no agreed
upon universal criteria for choosing the “best” machinery set ( Edwards and Boehlje,
1980), and the process of optimization is a bottleneck in any farm management study
because of the complex nature of the machinery system and machinery diversity with
respect to type, size, number, operational characteristics, and of the stochastic nature of
weather. The process is further complicated in multiple field cropping because the optimal
selection must satisfy the operational requirements of all crops simultaneously with
constraints of maximum efficiency and minimum capital investment ( Haffar and Khoury,
1992). Some recently developed computer simulation models are more likely to consider
more factors and employ more complicated procedures and criteria. This makes model
development more expensive and difficult to use and understand. However, such
complicated models are not necessarily more accurate than those developed in a basic and
reliable way such as the Farm Machinery Selection Program, version S10, developed by
Siemens et al. (1992).

The Farm Machinery Selection Program has some advantages over other computer

simulation models dealing with machinery selection and operations scheduling:
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a). This program has been run on over 50 actual farm situations so far. In
essentially all cases, comments concerning the program have been positive, and the results
presented have been satisfactory.

b). The program was developed so the user can gain an understanding of many
farm machinery management principles.

c). The required data inputs are simple compared to other programs. The program
provides a default value for each input obtained from the author’s many years of
experience under the Midwest weather and soil conditions. The user can easily modify
data used by the program.

d). The methodology employed by the program was simple and proven to be
reliable. It divides the total machinery related costs into three categories: machinery
ownership costs, machinery operating costs, and timeliness costs, and uses the least-cost
approach to search for the optimum machinery set with lowest costs for a specific farming
enterprise-.

e). The program outputs not only one but eight lowest cost machinery sets found
during the optimization procedure. The output information associated with each of the
eight machinery sets includes optimal field operation schedule, annual machinery use,
annual machinery ownership and operating costs, and timeliness costs for each field

operation. The results are easy to understand.
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Chapter 3

Program Overview

The main objective of this study was to adapt the Farm Machinery Selection
Program originally developed for Illinois to Virginia agriculture. The program was written
in C and runs on an IBM compatible personal computer. The objective of this program is
to assist farm managers in selecting the least cost set of farm machinery for their farms.

The program input information consists of a list of desired field operations with
start dates, acres, and hours per day for each operation. Other input includes crop yield,
penalty dates for planting and harvesting, availability and cost of labor, and certain
economic data such as crop prices and current interest rate. These inputs are farm-oriented
data provided by the program user. Stored data files contain machinery list prices and
productivity values, work-day probabilities, and equation constants for computing
machine costs. For different machinery sets or a specified set of machinery, the program
schedules the field operations and computes the total machinery-related costs including
costs for machines, labor, and timeliness. The program uses an optimization process to
find the lowest-cost machinery set and determine the eight lowest cost sets. For any of
the eight lowest cost sets, or for a specified set of machinery, the program outputs a list of
machinery with prices and annual use, the work schedule, the cost for each operation, and

total machinery-related costs.
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3.1 Required Input Data
The required input data sets are those that must be provided by the user. Data sets
are assumed to be different between farms and some of them, such as economic factors

might change periodically.

3.1.1 Crop Prices, Yields and Penalty Dates

Before the program can be used, some assumptions on crop prices, expected yields
from crops if there is no penalty, and penalty dates for each crop must be made.

These inputs (Table 3.1) are used to calculate timeliness costs when field
operations are scheduled with a set of machinery. When a crop is planted on and before
the entered planting penalty date and is harvested on and before the entered harvesting

Table 3.1 Crop Prices, Yields and Penalty Dates (Default Values for Illinois)

Penalty  Dates

Crop Prices ($/bu) Yield (Bu/A) Planting Harvesting
Corn 2.50 150.0 5/15 11/15
Soybeans 7.50 40.0 5/31 10/15
Wheat 3.00 60.0 10/30 7720
Oats 7.50 40.0 5/31 10/15
Sorghum 7.50 30.0 6/6 11/1

penalty date, the yield is assumed to be equal to the yield entered for the crop. When a
planting or harvesting operation occurs after the penalty date, a yield decrease is assumed

and a timeliness penalty is calculated.
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3.1.2 Timeliness Factors
Timeliness factors include factors for later planting and factors for later harvesting

for each crop. These factors indicate the percentage of yield losses per day of delay (Table

3.2).

Table 3.2 Timeliness Factors (Default Values for Illinois)

Timeliness Factor

Crop Planting Harvesting

% yield loss per day of delay

Corn 1.0 0.5
Soybeans 1.0 1.0
Wheat 0.25 1.0
Oats 1.0 1.0
Sorghum 0.25 1.0

For example, the default timeliness factor of later planting for corn in Illinois is 1.0
( Table 3.2). This means that if corn is planted one day later than its planting penalty date
entered as in Table 3.1, then 1% yield reduction is assumed. If corn is planted two days

later than its penalty date, then 2*1% = 2% yield reduction is assumed.

3.1.3 Economic Factors

Economic factors include 1) purchase price, 2) housing, interest, and insurance
rates, 3) percent inflation, 4) fuel price ($/Gal) (Table 3.3). These factors are required for
calculations of machinery fixed and variable costs. Costs for housing, interest, and

insurance are estimated by multiplying the percentage entered for these factors by the
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remaining farm value (rfv) of the machine. Housing costs typically average from 1 to 2%
of the rfv, interest rates vary but usually will be in the range of 8 to 12% of the rfv, and

insurance is assumed to be 0.25 to 0.5% of the rfv (Bowers, 1987).

3.1.4 Labor Availability and Cost

The program user must specify the amount of labor available on the farm and the
cost of labor. Wages may be entered on an annual or hourly basis. As field operations are
scheduled, annual working hours for each operator are calculated by the program, and

total labor costs are calculated. The maximum number of laborers the program can handle

is six ( Table 3.3).

3.1.5 Field Operations Desired for the Farm
The most critical input information is the list of desired field operations to be
performed and date related to each operation (Siemens et al., 1988). The program user

must enter the total tillage acres for the farm ( Table 3.4).

Table 3.3 Entry Screen for Economic and Timeliness Inputs

Enter ECONOMIC and TIMELINESS Data

Operators:
Number: 2 Cost ($/hr): 7.5
Economic Factors:
Purchase Price, % of List: 90.0
Housing, Interest, and Insurance: 12.0%
Percent Inflation: 3.5%
Fuel Price ($/Gal): $1.00
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Table 3.4 Operation Entry Screen for an Example Farm

Enter Data For FIELD OPERATIONS

Tillable Acres: 1000.00
Earliest Latest Labor

Code Field Operations Start Date  Finish date Acres Availability = Land
No. (Mo /Day) (Mo / Day) (Hrs /Day) Area
2  Combine Soybeans 9 15 00 500.0 10.0 1

1 Combine Corn 10 15 00 500.0 10.0 0

7  Chisel Plow 10 15 00 500.0 10.0 0

8 Disk Harrow 4 1 00 500.0 10.0 1

9  Field Cultivate 4 25 00 500.0 10.0 1

21 Plant Corn 4 25 00 500.0 10.0 1

8  Disk Harrow 4 1 00 500.0 10.0 0

9  Field Cultivate 51 00 500.0 10.0 0

22 Plant Soybeans 51 00 500.0 10.0 0

18 Row Cultivate 61 00 500.0 10.0 1

18 Row cultivate 6 10 00 500.0 10.0 0

0  no operation 00 00 0.0 0.0 0

The first column is the code number of operations. There are thirty operations
available within this program. In order to make the entry easy for the user, the program
assigns a code number for each operation as its reference number. By doing so the user
does not need to enter the entire operation name but its code number. The program adds
the operation name automatically behind the code number in the second column. For
example, if 2 is entered in the first column, the program will add COMBINE SOYBEANS

behind the number 2 in the second column.
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The third column is the Earliest Start Date for the operation and must be provided
by the user. For example, the earliest start date for combining corn in Table 3.4 is October
15. This is interpreted to mean that October 15 is the earliest date corn is commonly
ready for harvest in the region of the example farm.

The fourth column is the Latest Finish Date for the operation. It is an optional
input. The latest finish date can only be used to prevent the program from trying
machinery sets that are not acceptable. In other words, if a latest finish date is specified for
an operation, the program will select only machinery sets that have capacities to finish this
operation on or before this latest finish date. If the user leaves the latest finish date
column of an operation blank (0 / 0) the program will try all the possible machinery sets
and determines a finish date for this operation. For planting and harvesting operations, if
the calculated finish dates are later than the penalty dates entered, the program will
calculate the timeliness costs.

The fifth column shows the acres covered for the operations, and the sixth column
shows hours per day for the operation. This column indicates the hours per day the
operation can be performed assuming the day is a good working day, or the number of
hours labor is available per day. The program assumes that the number of hours per day
are the hours spent in the field operating machinery, and no allowance is made for time
required to prepare for going to the field or for traveling to the field.

The last column is the land area number. Land area numbers are used to help

insure that the operations are scheduled correctly. To determine the land area number for
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each operation, the farm is divided into areas on which the same set of operations are to
be performed and each area is given a different land area number (Siemens et al, 1988).
For the example farm presented, there are two land areas for the corn-soybean crop
rotation. A land area number of “0” was entered for all operations to be performed on the
land from which soybeans are to be harvested. Likewise, a land area number of “1” was
entered for all operations to be performed on the land from which corn is to be harvested.
Allowable land number areas are O through 4. This means that the program can handle 5

different areas for a specific farm (Siemens et al., 1988).

3.1.6 Machinery Data

The user provides machinery data including tractor, combine, and implement data
(Table 3.5). There are nine tractor sizes and four combine sizes available within the
program. This means that the program can only select tractor sizes and combine sizes
from these available power units.

The program provides three run options: 1) with optimizing, 2) without
optimizing, 3) with complete optimization. If the program runs “with optimizing,” the
number of tractors and the number that are large and small must be specified (Table 3.6).
The number of combines must be specified also. The program optimizes the sizes of the
tractors and combines specified by the user. If the program runs “with complete
optimization,” the program optimizes number and size of tractors and size of combines.

The program user does not need to specify the number of tractors, but still needs to
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Table 3.5 Entry Screen For Tractor and Combine Data

Enter Data for TRACTORS and COMBINES

Quantity Size* Quantity  Size*

Tractors: Combines: 1 (Max=3) 2

Large 1 5 Corn Heads: 1 (Max = 3)

Small 1 1 Grain Platforms: 1 (Max = 3)
Total (Max = 6)
* Needed To Run Without Optimization.

Available Tractor Sizes: Available Combine Sizes:

0= 60 HP 5=160 HP 0= 140 HP (4 Row Head)

1= 80 HP 6 =180 HP 1 =180 HP (6 Row Head)

2 =100 HP 7 =200 HP 2=215HP (8 Row Head)

3=120HP 8 =240 HP 3 =260 HP ( 12 Row Head)

4 = 140 HP

specify the number of combines, and the number of corn heads and grain platforms. If the

program runs “without optimization,” the user needs to enter the number of tractors and

their sizes, the number of combines and their sizes ( Table 3.5). The program does not

optimize anything with this option. This option can be used to check the feasibility and

capacity of a specified machinery set for a farm.

On the implement data entry screen ( Table 3.6), the number of large and small

tractors previously set on the Tractor Data screen is shown in the upper right. The

program user specifies the planter size. If the user chooses “T”, then the planter used in

the program will be twice the combine size (number of rows on corn head).
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Table 3.6 Entry Screen for Implements

Match IMPLEMENTS to TRACTORS

Planter Size: S (T or S) Large Tractors: (L ): 1

(T): Twice the combine size Small Tractors: (S ): 1

(S): Same as Combine Size Total: 2
Implement L S Implement L S
Moldboard Plow 0 0 Spray Pesticide 0 0
Chisel Plow 1 0 Drill 0 0
Disk 1 0 Subsoiler 0 0
Field Cultivate 1 0 Paraplow 0 0
Chop Stalks 0 0 Chop Forage 0 0
Plant 0 1 Combination Tool 0 0
Row Cultivate 0 1 Mow Hay 0 0
Rotary Hoe 0 0 Rake Hay 0 0
Apply Anhydrous 0 0 Mow & Condition 0 0
Apply Fertilizer 0 0 Bale Hay 0 0

The user must also specify the number of implements and assign the implements to

either the large or small tractors. The user must determine which operations are to be

performed by the large tractors and which are to be performed by the small tractors. The

user may assign implements to both large and small tractors. It may be necessary to try

different implement assignments and by trial and error find the particular assignments

which results in the lowest total cost. The number “ 1” in Table 3.6 under column L ( or

S ) means this implement is assigned to a Large (or a Small ) tractor. Chisel plow, for

example, is assigned to a large tractor in Table 3.6.
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3.2 Stored Data Files

Stored data files limit the amount of data required from the program user and can
be changed by the user. The stored data files include tractor and tillage implement file,
combine file, planter and cultivator file, file for calculating machinery fixed and variable

costs, and work-day probability files. These stored files are described below.

3.2.1 Tractor and Tillage Implement File

This file contains a list of matched tractors and implements available within the
program. The tractor sizes vary in increments of 20 horsepower from 60 to 240
horsepower. A set of tillage implements are pre-matched to each tractor. For each tractor
and implement, the file contains the machine size and name, estimated productivity for the
tractor/implement combination, and a list price ( Appendix A, Table Al). A list price of
0.00 for fertilizer application and sprayers assumes these implements are made available to
the farmer at no charge. If a tractor does not have sufficient power to pull an implement
the productivity is set to 0.0 in the file. For example , for an 60 horsepower tractor the
productivity for chisel plowing is 0.0. The program will not allow the 60 horsepower
tractor to be used for chisel plowing. The essential methodology used to match implement
sizes to tractor power and to calculate productivity is given in ASAE Standards (1987)

and is discussed in chapter four.
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3.2.2 Combine File
The combine file contains the size, name, and list price of four combines of sizes
140, 180, 215, and 260 horsepower ( Appendix A, Table A2 ). For each combine, the file

contains a matched corn head and grain platform with productivity values and list prices.

3.2.3 Planter and Row Cultivator File

There are two parts to this file. The first part includes matched pairs of planters
and cultivators along with estimated productivity and the list price of each ( Appendix A,
Table A3). The second part of the file is an array used to match the tractors, combine corn
heads, and planters. The array provides a choice of the same number of rows on the
planter as on the corn head. A constraint imposed is that the tractor, planter and row

cultivator sizes must be compatible in regard to available or required power.

3.2.4 Machinery Fixed and Variable Costs File
The machinery fixed and variable costs are calculated for each machine after the
operations are scheduled. The following machinery costs are estimated in the program:
Fixed costs: depreciation, interest on investment, housing, and insurance.

Variable costs: repair and maintenance, lubricants, and fuel.
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The machinery purchase price is equal to the list price multiplied by the “purchase
price, % of the list” entered. The percent of life is used to determine the number of years
costs are calculated for a machine:

1. If the machine use reaches 70 percent of its life and the machine is less

than five years old, the machine is assumed to be sold and a new machine
is purchased.

2. If machine use reaches 50 percent of its life and the machine is five

years old or more, the machine is assumed to be sold and a new
machine is purchased

The assumed life of each machine is given in Appendix A, Table A4.

The file contains constants for the equations used to estimate the fixed and variable
machinery costs. The constants and the formulas were obtained from Wendell Bowers, a
professor of agricultural engineering at Oklahoma State University ( Siemens et al., 1988).
Bowers presented the formulas in his textbook (Bowers et al., 1986) and similar formulas

appear in ASAE Standards ( 1992 ). The formulas are discussed further in chapter four.

3.2.5 Work-Day Probability file

Probabilities of a day being suitable for field work are included for northern,
central, and southern Illinois ( Appendix A, Table AS). The program user must select
which region to use. Probabilities are from Schwart (1981 ) and represent the fraction of

time during the year that field work is feasible at least 5 of 6 years (83.3% of time).
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3.3 Run Options

The program provides three run options. They are 1) run with optimizing, 2) run
with complete optimization, and 3) run without optimizing.

1) Run With Optimizing: this option may be used to optimize the sizes of the
tractors and to determine the work schedule, machinery use, and costs with optimized
sizes of tractors. This mode only optimizes the sizes of the tractors. The number of the
tractors and the number that are large and small must be specified by the program user. In
order to optimize the number of tractors with this option, the user may run the program
with a different number of tractors and compare the results. This mode also optimizes the
sizes of combines but does not optimize the number of combines. To optimize the number
of combines, it is necessary to run the program with different numbers of combines and
compare the results (Siemens et al., 1988).

2) Complete Optimization: this option may be used to optimize both the number
and sizes of the tractors. The user does not need to enter tractor data, but still needs to
specify the number of combines. Even with this option, this program does not optimize the
number of combines. When the program user chooses this option, he or she should be
aware that this option has not been checked fully ( Siemens et al., 1992) and only can
handle two tractors and four operators.

3) Run without optimization: This option may be used to determine the work

schedule, machinery use, and costs with the number and sizes of the tractors specified by
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the program user (Siemens et al., 1988). When the program user selects this run option,
the program does not optimize the number and sizes of tractors for the user. The user
must specify the number of tractors, the sizes of tractors, how many are large, and how
many are small. The program does not optimize the number and sizes of combines and the
user must specify the number and sizes of combines. This option is always used to check

the feasibility of the specified machinery set and calculate 