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ABSTRCT

Automatic guidance of tractors in the mechanized farming practice has taken the attention of agricultural engineers.For this to be truly practical on the farm,it should be economical,simple to operate,and entirely contained on the vehicle.Steering automation has been implemented successfully on agricultural vehicles on the basis of analoge-type components,i.e.sensors, controllers,and actuator elements.Different types of steering system such as:leader-cable, laser conrolled, radio-operated,and contactor type have been developed for automatic  guidance.The present study was aimed to develop a reliable,versatile and easy to maintain   system to fit the economy and technology level of farmers for hill side range development.The proposed system featured a pair of sensors located along the length of the tractor.The  output  signals from the opto-couplers operated by sensors,were led into the central conrol unit.The  final output signal , indicative of left-turn or right-turn comand,was introduced to a  hydraulic motor (actuator) by a solenoid valve.The actuator could then rotate the steering wheel shaft   in the desired direction.The system was successfully tested on four different sites with average slope of 11-14% using a chiesel seeder, two bottom mounted moldboard plow, three   bottom mounted moldboard plow and without hitching any implements behind the tractor.Plots of the contour line height of each test track  “Y”  versus the actual elevation of 14 equally spaced points along each track ”X” produced the following relationships:

Y=1.009X-0.930          3 bottom mounted moldboard plow

Y=1.000X-0.002          2 bottom  mounted moldboard plow

Y=0.999X+0.011          chiesel seeder

Y=0.999X+0.014          tractor with no implement

Indicating a reasonably acceptable perforance.
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INTRODUCTION
There are a number of agricultural practices which reqiure that a tractor or other machine be driven accurately along a contour line or line of given gradient across slopping ground.Some  examples are graded banks for controlling water runoff, contour furrows for moisture  conservation and mole drain(King, D. L. 1968  and  Julian,  A. P. 1971).Construction of  furrow by moving a tractor in contour lines is effective for restore of  pastures by protection  rainfalls in that furrows.Adequate plant covering in contour lines, is best way for prevention  of water losses and erosion by water and wind.Today’s aim of specialists and design engineers is use of automation in performing of activities and of course agricultural activities. Automatic guidance of tractors has progressed from different aspects.Automatic steering is one of the most successful methods for automatic guidance of a tractor.Application laser  rays,ultrasound waves,radio control,infrared rays,optical waves,computer vision techniques and other techniques are among most common of methods of automatic control and guidance. Farm mechanization has greatly increased output per farm worker.However, with farm mechanization nearly at its limit,there has been a trend towards the application of automatic  control in the agricultural industry.Not only is automation capable of  further increasing the output per farm worker,but it is also capable of  removing the farmer from undesirable field   conditions(Kirk, T. G. et al., 1974 ).Therefor agricultural engineers attend to automatic guidance of farm machinery,because although agriculture has been mechanized but has not been automated completely yet.The precision operation of farm machinery requires a significant amount of concentration by the operator so that missingdose not occur.As a result,automatic guidance of agricultural equipment is a very promising method of significantly increasing productivity.Three main advantages from automatic guidance are:

1.  Reduction of errors ,times ,losses and costs.

2.  Reduction of mental and bodily of fatigue of operators.

3.  Reduction of consumption of fuel,seed and fertilizer(Brown, N. H. et al., 1992).

Because of automatic guidance of steering is an important act and in some of times and  conditions,accuracy,capabilities and reaction of drivers is not sufficient,then with  performance of steering automation,productivity is increasing.The accuracy of steering  control depends upon to accuracy of position error sampling rate and tractor forward speed measurements.For control steering accurately,the error sampling rate should be increased as forward speed increases(Choi, C. H. et al.,1990). Advent of hydraulic systems and power steerig on tractors brought up the possibility of automatically guidance of tractors(Richy, C. B. 1959 ).The objectives of this project was  design,build and field test on automatic guidance system for installation on  tractor,that can guide the tractor automatically on contour lines.In  this case ,as tractor moves on contour lines can do acts of ploughing and seeding and other acts.

.
MATERIAL AND METHODS

The automatic guidance instrument needs to be reliable, easily adjusted and operated and require no more than an average amount of skill to use it(King, D. L. 1968 ).Also, an automatic control system as applied to the guidance of  farm tractors,must be include sufficient safety devices to assure the prevention of unnecessary damage resulting small malfunctions.Sufficient flexibility should be required to permit of quick conversion from  automatic control to manual operation and vice versa.In order to offset the initial cost of the system,the efficiency of cultivation resulting from its use must be equal to or better than that obtainable by a human operator (Grovum,  N. A et al., 1970).This system consists of  two hydraulic and electrical cicuits that have forced from tractor related systems .
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Figure 1. Hydraulic and electrical circuits of tractor steering automatic guidance system

This pakage instal comletely on the tractor. Hydraulic system includes:flow control, solenoid valve (Figure 2) and hydraulic motor and electronic system includes:sensing unit(Figure4),central control unit(analyzer and commander unit)(Figure 3)and finally an actuator unit.
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Principles of acting this system is based upon related containers property.In this manner that along to longitudinal line of tractor,in front and rear exist two containers that relate together by a hose.Liquid of inside of containers and hose is mercury.On the surface of  mercury exsits a  flexible diaphragm with a brassy light disc,that has a little metal rod vertically such as a  flag.This little metal flag can move through of gap of a optical microswitch(opto-coupler)to up and down(Figure 4).
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If  slope be in right side of  the tractor and to any cause,the front of the tractor deviates to down of the slope,the mercury moves from rear container toward front container and to use force to diaphragm and thus the flag move to up.In this case.passing of the flag from opposite  the gap is similar to turn a switch on.In next stage,commander section open the solenoid valve and oil can moves toward hydraulic motor and rotates the steer in opposed direction of deviation.(The hydraulic motor connect to exit axle from steering box by chain drive).This operation continue to when the flag, return to initial position.A piece of  mechanical  microswitch,contact type,controls deviations of front wheels to sides by a cam(Figure 5).
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After design,build and installation of the system on tractor and doing of calibrations, field  tests was performed in a land with mean moisture content of %12.In first test ,tractor passed from five separate routs every one 72 meters long and without mounted implements in a land with mean slope of %11.Aim of this test section was evaluation of move the tractor by guidance  system and without any load.Then altitude of  points on tractor traces was measured with distance every 8 meters  by field mappings.Three further tests were performed by three mounted implement include:Chisel seeder,two bottoms moldboard plow and three bottoms moldboard plow.The aim of this tests was ,evaluation of effectiveness rate of move the tractor with low load,mean load and heavy load,respectively,with compare to first test.For evaluation of performed tests,The measured points height mean was calculated in every pass and was named “ based contour line height” and then passes of move the tractor was evaluated relative to it(Figure 6).



RESULTS AND DISCUSSION

By using of obtained data from the move of the tractor by guidance system and mapping formulas,height of points on every pass and position of every point related to based point was determined and then the passes of tractor with implement on paper was drawn.Calculated heights,was analyzed by computer programme and then statistics equations of move   passes was determined(Table 1).In this calculations,height of obtained points from passes of move the tractor and height of base contour line were named:dependent variables  and  independent variables,respectively.Also graphs relation to different passes with mounted  implements and results of statistics calculations obtained in every pass was determined.

Table 1. Analyzing of data and determining of statistics equations of passes

	Regression


	3 moldboard plow


	2 moldboard plow


	Cheisel-seeder


	Exp.lines



	Constant 
	0.93061
	0.00279
	0.011422
	.014967

	Std Error of Y Est
	0.249452
	0.292376
	0.092487
	0.53265

	R Squared
	0.970953
	0.991984
	0.994608


	0.994069



	No. of  Observation 
	112
	143
	112
	45

	Degree of  

Freedom
	110


	141


	110
	43

	X coefficient
	1.009212


	1.000031
	0.999891
	0.999853

	Std Err of Coef.


	0016643


	0.007571
	0.00702
	0.011778

	Y=AX+ B
	Y=1.009X-0.930

θ = 45.262


	Y=1.000X – 0.002

θ = 45.000
	Y=0.999X+0.011

θ = 44.996
	Y=0.999X+0.014

θ = 44.995


Because of one of the objects  in this  project was use of it in agricultural activities such as: establishment of terrace and pasture on slopes,then principles of design and build of them became,base of  evaluation of  this system.According to above problems and operation of   guidance system,suggestion is given(Table 2).

Table 2. Suggestions of pass long for tractor moving by contour following system

	Type of mounted implements 


	Working Width 

(m)
	Working Depth

(m)


	Average slope of land(%)

(%) 


	Average slope of pass(%)

(%) 


	Soil         texture


	Pass long

(m)



	Cheisel-Seeder

(light load)
	2.02
	0.10
	11
	0.3
	Sandy clay
	365

	2 moldboard plow

(mean load)
	0.600
	0.20
	14


	1.2
	Sandy clay
	30-60

	3 moldboard plow

(heavy load)


	0.900
	0.20
	11
	1.2
	Sandy clay
	30-60
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Figure 2. Flow control and solenoid valve
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Figure 3. Central control unit                                Figure 4. Opto-coupler
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Figure 5. Cam related to steer microswitches
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Figure 6. Contour lines (furrows ) operated by guidance system on slopes
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