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ABSTRACT 
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AN AUTOMATIC DRAFT CONTROL FOR SELF PROPELLED VEHICLES 

A control vas developed for self-pr~pelled far.m vehicles. 

This device automatically controls a self-propelled wagon in order to 

force the vehicle to supply most of its own draft vhile being towed. 

Field data vere accumulated to establish operating para-

meters for the control. Control vas obtained by,sensing the draft in 

the towbar and moditying the signal from the sensor to operate the 

clutch and throttle of the vehicle's power unit. 

Various methods ot sensing draft and controlling the clutch 

and throttle were developed and evaluated. 

In the final design the control consisted of: ' a draft ' 

sensor using strain gauges, a signal modifier to process the strain 

gauge output, and the clutch and t~ottle operating controls. 
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I. THE PROBLEM 

1.1 Introduction 

Self-propelled wagons are becoming m~re common on farms in 

Eastern Canada. These vehicles may ei ther be aSJ:;embled by a manufacturer 

or be farm-built by an enterprising farmer. Bïther type is essentially 

a modified standard truck. The "modification of a truck into a farm-built 

wagon consists of removing the'~ruck c"ab" and body andmoving the normal 

driver controls and instruments to ~he left apdto a point as near the" 

front of the vehicle as pos-sible. -"~his leaves available, to the rear of 

the engine, space on -wliic):l tomoUnt a"self-unloading wagon box. The . ~: ' 

manufactured type of self-pr6pellèd"wagon~as shown in plate l, is sinlilar 

but the engine may be mounted"in the m1ddle of the chassis, below the 

wagon box, to short en the vehicle ando give bet~er weigb.t distribution. 

0" 

The normal practice is" to use tllree.of thesewagons in a 

harvesting operation with one driver who s'hù.ttles"the empty and full 
o 

wagons between the storage area and the'field. In the field the driver-

less wagon is towed behind the forage harvester with th~ wagon power unit 

inoperative. The tractor pulling andpowering the harvester must supply 

an increasing amount of extra draft to pull the wagon as it fills with 

material. 

This method of field operation functions well if the trac~or 

is large enough and traction conditions are good. But, in adverse con-

ditions, the tractor often cannot provide the draft required and the 

entire unit bogs down. The operator, then, has no other choice than to 
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Plate 1. Commercial Self-propelled Wagon. 
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have the self-propelled wagon driven alongside the harvester while it 

is being filled. The extra load is removed from the tractor but more 

labour is required in the form of extra drivers. One unsafe practice 

that sorne operators resort to under these conditions is that of towing 

the wagon with the transmission in gear and the engine running at a 

preset speed. 

A device that would automatically control the power unit 

of a self-propelled wagon while it is being towed behind the harvester 

is desirable. Since the wagon would supply most of its own draft, a 

smaller tractor could be used to power the harvester. The harvesting 

system would function under poorer traction conditions. 

1.2 Pertinent Literature 

A search of pertinent literature and an inquiry to each 

company which might be involved in d.eveloping a control of this type 

have not shown such a device. 

1.3 Purpose of Study 

It is the purpose of this thesis to report on research done 

in the course of designing a unit to automatically control the power 

unit of a self-propelleéi vehicle during the time that the vehicle is 

being towed. (It should be noted that the vehicle on which the design 

is based is a self-propelled wagon and therefore in this thesis all 

further references, Le. "vehicle", will signify a self-propelled wagon.) 

1.4 Reguirements of the Design 

The requirements of the design were the following: 
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i) the unit should automatically f'orce the power unit to 

supply all the draft requirements f'or the self'-propelled 

vehicle over a pres et minimum amount. The unit would do 

this by f'irst engaging the clutch and then controlling 

the throttle of' the carburetor. 

ii) the unit should be f'ail-saf'e, i.e. if' the control 

device fails, the power unit of the self-propelled 

vehicle should cease f'unctioning and the system revert 

to a non-powered condition. 

iii) the control unit should not interfere with normal driver 

operation when the vehicle was being driven. 

iv) the unit should be as simple as possible yet still 

f'ulfill its function. 



II. THE CONTROL PROCESS 

Thewhole purpose of any control system is te maintain some 

variable constant2l• The variable in this system is the draft force 

which constantly changes .becauseof the. terrain over which the wagon is 

towed and the load the wagon iscarrying. 

'. . 

5 

In certain types of control systems little control<is needed 

since the system, becauseof the character:lstics of the load or the 

power unit, is more or less self-regulating.An exemple of such. a .'. 

system is an air fan required to deli ver a constant amount of air. 
. '. . . . 

Since a small increase in air speed requires a disproportionate increase 

in power, fan output remains relatively constant overa range of con~ 

ditions. However, in most other systems, regulationis needed. One 

method of regulation utilizes the control system output in theform of 

feedback to influence the input. This is the method employed here. 

Because the input signal of a control system does vary, some 

type of constant reference signal must be used against which the control 

system can compare the input signal and the output feedback signal to 

pro duce the needed control signal. 

An automatic feedback control system of this type m~ be 

diagrammatically represented as in figure 1. A reference signal i5 fed 

to a summing point where there is added to it, or subtracted from it, a 

feedback signal. The summing point produces an error signal which is 

processed by the cOD.'Grol system to produce a control signal. Part of this 

control signal is returned to the summing point as a feedback signal. 
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Figure l. Diagram of an Automatic Feedback> Control System 
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In the control system under development, the reference signal. 

of figure l is the signal. resul.ting from the application of: aspecific 

amount of draft force to the sensor. When the amountof thereference 

signal. is exceeded~ an error signal. isproduced causingthe c·ontrol system 
> , 

to function>.The control eleniènts andthePbW-er train of the wagon make 

up the control system. The control signal. is the forward motion resulting 

from control system action. The forward movement or a change in the for-

ward movement changes the pull on the sensor and is the feedback component 

of the block diagram. 

In order to initiate control action some amount of pul.l must 

be applied to the sensor. Pull must exceed a certain minimal amount (the 

reference signal.) in order to meet the fail-safe requirement but if the 

minimal. amount is too smal.l, control complexity and costs are increased, 

because the system must be more sensitive to react to low val.ues of pull. 

On the other hand if it is too large, the purpose of the control is 

partially defeated because the tractor must supply the extra draft. A 

level of 50 pounds was arbitrarily selected as the reference signal. 



i.e. the amount of pull that must be exceeded before control action 

would commence. This leve1 is large enough to provide good control 

and is sma1l enough to avoid loading the tractor appreciably. 

7 

An increase or decrease in pull on the sensor results in an 

increase or decrease in throttle setting with a corresponding change in 

vehicle speed: if the average value of pull increases, the engine speed 

will change to bring the amount of pull back to the preset amount; if 

the average pull decreases to the reference level, the engine is slowed 

to its id1e speed. If the pull remains at this low level for longer 

than a predetermined time, the clutch is disengaged. The term "average 

pull" is used because the power unit would not be able to respond to 

short term variations in draft. 

The control process of this system occurs in the following 

manner. Thedraft sensing unit, inserted into the connecting link 

between the forage harvester and the towed wagon, senses the pull exerted 

and converts this pull into a voltage that is proportional to the magni­

tude of the pull. When the output voltage of the sensor exceeds the 

reference signal, controlelements engage :the clutch and advance the 

throttle to produce the control signal. 

A mathematical model of the complete control system is given 

in Appendix A. 
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III. DATA 

3.1 Data Prerequisite to the Design 

A control system reacts in some method to an" input signal to 

pro duce an output. As outlined previously, the input is the signal re-

sulting from the varying forces in the wagon drawbar and t~e output is 

the varying speed of the vehicle as the control attempts to relate the 

output to the input. The control has two functions to perform. It must 

analyze the input signal and, based on the total control response 

capabilities, create the output signal. Two types of information were 

therefore required before design of the control could begin: 1) a know-

ledge of the input signal, and 2) a knowledge of the reaction of the 

control systems to input signals. 

An input signal usually varies in amplitude and in frequency~ 

i.e. in a random manner with respect to time. Such an input signal can 

be analyzed by the application of probability theory and some concepts 

of mathematical statistics. Even a partial statistical analysis may 

reveal that although the input is a random frequency it nevertheless has 

some dominant frequency about which it varies. It may also be that 

although the input does have a mean frequency of a particular amplitude, 

this frequency may also be modulated by other frequencies of lesser 

magnitude. 

The control system is capable of producing an output signal 

within a certain time after the application of an input signal. This 

time-delay is called the response time of the control system. If the 

system response time is known, then the highest frequency of input signal 
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to which the control system is completely capable of responding can be 

determined. This will be the frequency with a period equal to the 

response time of the control system. The control system will only 

partially respond to signals having a period less than the system 

response time and as the frequency of the input signal rises still 

farther the output will simply be related to the average magnitude of 

the input signal. At some still higher input frequency the output may 

decrease. The frequency response of this control system ~ be deter-

mined by applying a known input of various frequencies and recording 

the output signals which result. 

Data werecollected to provide information from which to 

analyze th~'1n:putsignai~ith 'respect to its probable magnitude and 

frequency. The total résponse·time of a partial control system includ-

ing the signal modifier; the power unit and the drive train, was 

measured. The total response time was the sum of the response times of 

the fOllowing components of 'the partial control system: 

i) the signal m0d:ifier, 

*i i } clu~ch cOI:l'trôl circuits, 
.' r, 

iii) the carbùretor control circuits, and 

iv) the power unit, power train and wagon. 

3.2 Eguipment Used For Data Collection 

3.2.1 Force Transducer: Two force transducers, figure 2, were con-

structed and calibrated (for a description refer to Chapter IV. Electri.c 

*which need only be considered when forward motion of the unit begins or 
ends 
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Draft Sensor). The transducers were calibrated by connecting them in 

series with a calibrated dynamometer and recording the transducer output 

on an osci21ographic recorder as loads were app1ied in increasing and 

decreasing steps. The x.esulting graphs were calibrated with the force 

read from the qynamometer as the load was changed. 

3.2.2 Engine Speed Transducer: The engine speed transducer, figure 3, 

was derived from an electronic tachometer circuit. Ignition impulses 

from the engine distributor were shaped, amplified and integrated to 

provide a DC output voltage, the magnitude of which was proportional to 

the speed of the engine. For calibration the transducer was connected 

to an engine, the output voltage recorded and the resulting graph cali-

brated against an accurate mechanical tachometer connected to the same 

engine. 

3.2.3 Ground Speed Transducer: The transducer, shown in plate 2,was 

of the "fifth wheel" type and used a bicycle wheel with an AC generator 

incorporated into i ts hub. as a sensing unit. The AC output was converted 

to DC and partially filtered to remove most of the ripple without obscur-

ing speed variations. The circuit values for the transducer, figure 4, 

were obtained experimental1y. To attach the wheel to the wagon a frame 

was made allowing the wheel to move up or down and swivel sideways when 

operating over uneven terrain. The wheel was then calibrated. 

3.2.4 Oscillograph Recorder and Power Supply-: The oscillograph 

recorder used was a 4 pen Beckman Offner type 504R, powered during field 

tests by a modified Honda E1000 generator. Genérator modification 

included: 1) the addition of a capacitor to the DC excitation circuit 
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Plate 2. Ground Speed Transducer 
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to remove a 2 hertz oscillation occurring in the generator output voltage 

level, and 2) the addition of a frequeney meter to provide a means of 

setting the generator exactly to a frequency of 60 hertz to assure accur-

ate chart speeds. 

3.3 Col.lection of Data 

Field Data: One of the force ,transducers was bolted into the 

drawbar of a non-powered wagon and the wagon was towed over uneven terrain 

at various speeds and with various loads. Oscillographic recordings were 

made of the forces on the sensor as speeds and loads changed.· Average 

ground speeds for the test were obtained by measuring the length of time 

required for the tractor and wagon to move a kilown distance. 

During a second test conducted to simulate the conditions 

existing in the drawbar of a self-propelled wagon being towed by a harvester, 

a combination of two tractors and a loaded wagon was used. The second 

tractor with its engine governor control set to a fixed sp~ed was attached 

to the wagon to represent a self-propelled wagon. The first tractor with 

its engine operating at varying speeds was used to tow the second tractor 

and its trailing wagon. The towing force between the first and second 

tractors, the drawbar force between the second tracter and the wagon, the 

engine speed of the first tractor and the ground speed of the wagon were 

recorded on the oscillograph. 

3.3.2 Power Train Response Time Data: The data relating time-del~y in 

engine-response to an input signal were obtained in the following w~. A 

function generator fed a square wave signal into the control system 

signal modifier. A square wave was used rather than a triangular or a 
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sine wave because it was easier to detect changes made to this type of 

signal by the elements of the control system. During this test period 

the clutch control was turned off and the tractor was operated in a 

stationary position. 

Recordings were made of the signal modifier input, the out-

put to the solenoid air valve, the change in throttle shaft position 

and the change in engine speed. Throttle shaft movement was recorded 

by recording the voltage change as the throttle shaft moved a direct 

coupled potentiometer to which a DC voltage was fed. The frequency of 

the square wave input signal was increased incrementally and the results 

recorded. Chart speed was increased at the higher frequencies to 

facilitate analysis. 

The time-delay in clutch actuation was obtained by measuring 

the length of time between the beginning of an input pulse and the open-

ing of the micro switch indicating the completion of clutch actuation. 

These data were correct only for the vehicle used in the test and would 

vary slightly between vehicles. 

3.4 Analysis of Data 

Charts land 2 are representati ve sections o~~ the oscillographic 

recordings made during field tests. Chart l is a recording made of the 

force in the wagon tongue. Chart 2 shows the results of the application 

of a unit step to the system. This was achieved by suddenly increasing 

the engine speed of the first tractor by means. of the governor control. 

Force between the first and second tract ors rose sharply but there was 

little change in the average force between the second tractor and the 
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wagon. Variations in force in the coupling between the two tract ors , 

were much less at high speed than at low speed. The force between the 

second tract or and wagon also showed fewer variations at high speeds. 

This was true for all periods of increased speed recorded during the 

test periode 

An analysis of the recordings of the forces between the 

two tract ors and between the tractor and wagon indicated that each 

recording was comprised of at least three signals, the second and third 

signal being superimposed on the first. All three signals were a 

function of the terrain over which the vehicle was operated. The 

primary signal of lower frequency but higher amplitude was related to 

the macro changes in the elevation of the terrain. (Macro changes are 

the upward and downward slopes in the field.) The secondary signal 

resulted from the intermediate changes in the elevation caused by dead 

furrows and crop rows while the tertiary signal resulted trom the micro 

changes in elevation due to lumps of ground and stones over which the 

vehicle was operated. 

The frequency of each of the three signals increased with 

an increase in forward speed. This was to be expected if the ab ove 

observation was correct. The amplitude of the second and third signals 

was also found to reduce as vehicle weight or speed increased. This 

was due to damping which was a function of such variables as vehicle 

loading, tire inflation pressures, soil properties and wheel parameters. 

Because the tertiary signal was of very small amplitude and of high 

frequency 'in comparison to the primary and secondary signals it was 

omitted from the analysis of draft force. 



This conception of the draft forces ex.isting in the tongue 

of a self-propelled wagon is more clearly represented by a synthetic 

reproduction of two of these forces. Chart 3 is an oscillographic re­

cording of a 2.0 hertz signal, a .016 hertz signal and the composite 

signal made bysuperimposing the 2.0 hertz signal on the .016 hertz 

signal. The 2.0 hertz signal represents the secondary draft forces 

occurring from the intermediate contour changes; the .016 hertz signal 

represents the primary draft forces resulting from the macro contour 

changes. 

Table 1. Characteristics of the Secondary Frequency Draft Force 

Vehicle Speed Mean Frequency Period 
(ft. per sec.) (hertz) (sec.) 

0.8 l.0 l.0 

1.9 2.0 0.5 

5.1 2.5 0.4 

Maximum draft force during test period 
Minimum draft force during test period 
Total vehicle travel during test period 
Average deceleration time (field speed to zero) 

Mean Amplitude 
(lb. ) 

300 

200 

150 

1600 lb. 
-100 lb. 
5500 ft. 
2.0 sec. 

Chart 4 is an oscillographic recording of the signal modi-

20 

fier input, the signal to the air valve solenoid, the resultant throttle 

shaft rotation and the change in engine speed. An analysis of this and 

other recordings yielded the time-del~s in engine control response 

given in table 2. The clutch engagement time-delay is also included in 

table 2. 
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Table 2. Time-Delays in Control 

Time-Delay Between Seconds 
.~~ .. 

Input Signal and Throttle Movement 0.1.5 

Thrott1.e Movement and Change in Engine Speed 0.1.5 

Change in Engine Speed from 550 Minimum (idle) to 
66% Maximum (full) Speed Under Light Load >1.0 

Input Signal and Completion of Clutch Engagement 0.5 

3.5 Summary 

The longest part of the power train time-delay was the time 

required to effect the change in engine speed in response to a change 

in throttle setting. Increases in engine 1.oad lengthened this time-delay. 

It was found that the engine would not respond at all to input pulses 

above 3.0 hertz or respond completely to input pulses ab ove 0.77 hertz. 

The power train would thus be unable to respond to the changes in the 

higher frequency secondary draft force signals resulting from vehicle 

speeds above 5.1. feet per second and instead would operate at the mean 

value of the signal. It would, however, respond completely to the lower 

frequency primary draft force signal. 
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IV. DEVELOPMENT OF CONTROL UNIT DESIGN 

The function of the control unit was to generate a control 

signal. The unit did this by measuring the value of the instantaneous 
... 

draft force, then comparing this value to the reference signal to 

create an error signal. The remainder of the control system translated 

the latter into the correct signal to operate the power train of the 

self-propelled wagon. To avoid lengthening the total response time 

each section of the control unit had to generate or respond to the error 

signal as rapidly as possible. 

The control unit was comprised of four sections: the draft 

sensor, the signal modifying unit, the clutch control, and the carburetor 

control. 

4.1 Draft Sensor 

Two forms of draft sensors were studied - a hydraulic-electric 

unit and an electric unit. Both types created a change in electrical 

resistance producing a signal vrhich "t-Tas used to control the throttle 

position. 

4.1.1 Hydraulic-Electric Draft Sensor: This sensor, plate 3 and figure 

5, consisted of two sections. The first section, a hydraulic sensor, con-

verted draft into a hydraulic pressure which the second section, a trans-

ducer, changed into a specific electrical resistance. Operating pressures 

were controlled by the second section. Operation was as fcllows: As 

pressure in the sensor unit increased, piston 2, forced to the right by 
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SENSOR TRANSDUCER 

Plate 3. Hydraulic-Electric Draft Sensor 
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bydraulic f~uid being disp~aced from the sensor, compressed spring 2. 

At 100 pounds of draft force piston 2 had moved against the adjustab~e 

piston stop, which was preset so that the full strokla of the piston 
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moved the rack far enough to rotate the pinion through the ful~ pot en­

tiomete~ trave~~ If force increased beyond 100 pounds, piston 1 moved 

to the ~eft as further bydraùic f~uid vas expel~ed. At some pressure, 

deter.mined by the setting of adjustment 1 and spring 1 constant, ~l 

the bydraùic fluid woul.d have been expelled from the sensor unit ~low­

ing the sensor unit to move to its extreme left position. The sensor 

woùd be now mechanic~ly "locked-up", P.S shown in figure 6, to prevent 

excessive fluid pressures which would OCC1.lr if' the power unit of the 

wagon fai~ed to respond to an increase in draft or if the change in draft 

occurred too rapidly for control compensation to occur. 

The unit, in this form, was mechanical~y complicated and 

wou~d have been expensive to mass produce. It would not react to v~ues 

of pùl of less than 10 pounds because of friction between components. 

There was the probabi~ity that wear in its many moving parts would create 

prob~ems. (Another simp~er version is shown in Appendix B, figure 12.) 

4.1.2 Electric Draft Sensor: The electric draft sensor, plate 4 and 

figure 2, used strain gauge circuitry. In the design of a sens or of this 

type a compromise had to be made between a unit which was hig~y sensitive 

to changes in pul.~ and one which was rugged. In order to have high 

sensitivity the w~l of the sensor had to be relative~y thin to impart 

maximum strain to the strain gauges. But the sensor a~so formed the ~ink 

between the wagon and the towing vehic~e and was therefore subjected to 
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Plate 4. Electric Draft Sensor 
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various l.oads such as the l.oad from·the pul.J. existingbetween the two 

vehicl.es andtheside. l.oadsrelsuJ.ting from steeringforces. If·the 

power unit :functioned properly the pul.J. wouJ.d b.e sinaJ.l. but· .the steering 

l.oads could still be 1.arge. If the power unit fail.ed, the pull. on the 

sensor could ri se sharpl.y. Fiel.d data showed a maximum pullo! only 

l.600 pounds but.· peakloads· can' exceed this amount. Thesensor must 

also withstand abuse from mishandling during coupling or uncoupl.ingthe 

wagon from the towing vehicle. 

The sensorus,edwas arbitrarily. !iesigned toaccept a maximum. 

p~l of l.O,OOO'pounds'without exceeding the elastic l.imit of 30,000 

pounds per square inch of the mechanicaJ. tubing used in construction. 

The 10,000 poundlimit ensured an adequate safetyfactor to withstand 

steering and pulling l.oads, and reasonable sensitivity to changes in 

pull.. Finally, the unit, with t1;l.e wall thickness chosen, was able to 

stand a certain amount of rough usage. 

The sensor was constructed !rom a six inch length of mechanical 

tubing with an interior diameter of 1..595 inches. A two inch section near 

the mid-point, was reduced to an outside diameter of 1.745 inches to give 

a cross sectional area of .3934 inches2• The coupling devices which 

woul.d bolt one end of the sensor to the wagon tongue and pin the other 

end to the tractor drawbar completed the sensor as shown in plate 4. 

In the two-inch section, stress resulting from a l.00 pound 

pull was caJ.cul.ated to be: 

' .. 



a = ~ = ~_ = 254.2 pounds per square inch 
A .393~ 
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Longitudinal strain = 254.2 = 8.765 x.10-6 inches per inch 
29x 106 . 

Transverse strain (by Poisson's ratio) = -2.191 x 10-6 inches 
per inch 

Four Micro Measurementgauges, type EA09375B81.20, were mounted 

on the sensor. These longer gauges were used because: 

i) when the strain gradient is small a longer gauge has 

greater sensitivity, 

ii) the longer gauge is less sensitive to transverse strain, 

and 

iii) the longer gauge has a greater area in contact with the 

mounting surface to dissipate heat created by gauge current. 

The gauges were mounted in the standard configuration to utilize 

Poisson's effect, i.e. two gauges measure transverse strain. A Metal sleeve, 

fastened at one end to avoid affecting sensor operation, fitted over the 

section with the gauges to give mechanical protection. Connections were 

made to the gauges via a low resistance, low noise connectoro (Cannon Part 

Number MS3l02Al.4S-58(O». 

Since the four gauges, connected n.s a bridge, figure 7, were 

mounted in the same temperature environment and carried the same current, 

the sensor was temperature compensated7. A stabilized voltage (12 volts) 

was applied to the bridge. 
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to be: 

The change in resistance for these gauges vas calculated 

':"', "', 

. ···<3: } Longitudinal gauge· âR = eK R where e: = a 
E 
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K = gauge factor 

2) Transverse gauge 

= 8.765 x 10-6 x 2.085 x 120 

= 2.193 x 10-3 ohms 

R = .548 x 10- 3 ohms 

The expected bridge output voltage resulting from the .. applica­

tion of 100 pound,s of force to the sensor vas .137 x 10-3 volts. An 

amplification of the sensor voltage by approximately 3650 times (71.3 db) 

vas required to provide the correct base current to the transistor con-

trolling the air valve solenoid current. Here db = decibels = 20 log Eout. 
Ein 

) 

(It may be noted here that, in theory, the sensor output 
,",',' .. " '.' 

should be zero until some pull is imposed on the sensor but that in 

practice, there might be so~e small output voltage because of circuit 

imbalance resulting from manufacturing tolerances in the strain gauges and 

from the mounting of the gauges on the·sensor. The effect of -Chis voltage 

can be cancelled at another point in the following circuits.) 

A lov level DC voltage such as that expected from the sensor 

is difficult to amplif.r. In this control system the output from the sensor 

vas fed to a chopper vhich converted the DC input to a synchronous AC 

output. The magnit~de of the AC voltage vas proportional to that of the 

incoming DC signal and the phase dependent on the DC polarity. This nev 
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signal was amplified by an AC amplifier and then converted to DC. 

Choppers have generally been elaborate, bulky mechanir.:al. 

rel~s operated from a 400 hertz source. 13ipolar transistors can be 

used in a chopping circuit but these require a special transformer to 

isolate the driving voltage t>rom the DC voltage being choppedll• On 

the other hand, field effect transistors (FETs) do not need the special 

transformer but care must be taken in the choice of the circuit. 

There is a certain inherent capaci ty and resistance betveen components 

within the transistor andbecause swi.tching occurs at a high speed a 

differentiating circuit may exist which would produceunwanted output 

spikes. In certain circuits the spike voltages could exceed the value 

of the DC voltage being chopped thereb,1 limiting the minimum value of 

usable DC input voltage. The circuit chosen14 had a usable minimum 

input voltage of ±lOl-I'IT which was well below the sensor output of 13711V. 

The chopper was driven b,y an astable multivibrator13 at a 

switching speed of 100 kilohertz. The output of the chopper was then 

amplified by an integra~ed circuit operational amplifier, ICI, (Texas 

Instruments' SN724N), which had a gain of 30 dbs. Finally, the AC 

output of the amplifier was converted to DC and applied to one of the 

inputs of the differential amplifier, IC2, (Texas Instruments' 2N725), 

as shown in figure 8. 

Nowa voltage regulated by the zenor diode &1, was applied 

to the potentiometer Ra. The potentiometer output voltage, e2, was 

connected to the second input of the differential amplifier which 
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amplified ~he difference betveen the two voltages ,el and e2, to produce 

voltage e3. When voltage e3 vas of the correct polarity it became the 

error signal and vas processed by the signal modifier' circuits. If volt-
. -; .. ~ 

age e3 vas equal to zero I~r of the wrong polarity the control vas qui es­

cent. In this w~ the value of voltagee2 set the draft reference level 

referred to in Chapter II, establishing the amount of draft fO'rce neces-

sary to start control actiono 

4.2 Signal Modifier 

Initially, the clutch andthrottle controls.responded tothe 

same error signal but.this signal required modification tomatch the' 

characteristics of both A, the function and B, the operating parameters . 

of each control. These characteristics vere as follows: 

A. Function: 1) Clutch Control. The clutch, like an 

electric switch, has tvo operating states either engaged or disengaged. 

It does not have any intermediate operating state but does have an 

unavoidable transition period between the tvo states. As a result, the 

function of the clutch control requires that the signal be either on or 

off. 

2) Throttle Control. The throttle control must be able to produce a low 

or high or any intermediate engine speed proportionate to the strength of 

the error signal. 

B.Operating Parameters: a) Starting 

1) Clutch Control. The clutch control relay must energize as soon as 

the error signal appears. 

2) Throttle Control. The throttle control must also react to the error 
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signal but the amount of reaction must be .limi ted until clutch engagement 

occurs.Withoutsome·limit being imposed, the enginè, during the trans­

itionperiod of the clutch, might race, producing an undesirableabrupt 

shift from standstill to a higb forward speed. 

b) Movement - Based on the field data the average drart;force was wèll 

above the amount chosen as the reference level. But thedraft signal was 

a constantly varying signal which would only momentarily drop below the 

reference level unless the.vehicle was descending a slope. 

1) Clutch Control. The e1apsed time while the dratt forces remain below 

the reference signal leve1 1s norinally much shorter than the time required 

for clutch operation. The clutch must then be prevented trom trying to 

disengage under these conditionsby inhibiting clutch control relay'de­

energization.by means of a time-del~. This time-del~ mustbe longer 

than the period of the secondary frequency draft forces. Descent of a 

slope affects the clutch control in a similar manner to that of stopping 

movement. During this period there would not be an error signal ~resent. 

2) Throttle Control. The throttle must follow changes in the draft 

force as èlosely as possible within the limitations imposed by control 

and power train reaction times. 

c) Stopping Movement - Stopping may occur as the result of' normal decel­

eration or rapid deceleration; for example, through the application of 

brakes. In either case the error signal will disappear. 

1) Clutch Control. The clutch control rel~ will deenergize on completion 

of the time-del~ built into the clutch control rel~ circuitry. Some 

vehicle braking effect will occur from the engine until the engine idle 

speed is equal to or greater than that required to move the vehicle at 
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that particuJ.ar instantaneous speed.lf the clutch control relç- time-

del~ is too short, part of this effect islost. Time-delç- vas set to 

2.0 seconds on the basis of averagedeceleration times obtained from 

field data. 

2) Throttle Control. The throttle control vill 'reduce the engine speed 

to an idle as deceleration occurs. Throttle responsetime was less than 

deceleration time. 

The signal modifier, figure 9, consisted of two sections, the 

clutch control and the throttle control. Bothsections had a common input. 

The clutch control section vas a switching circuit preceded b.Y 

a DC amplifier and signal. inverter. There vas a 2.0 second time-delç- on 

deenergization. The transistor controlling the relç- conducted current as 

soon as an error signal voltage appeared at the input and stopped conduct-

ing at the conclusion of the time-delç-. 

The throttle control section vas a DC amplifier vhich generated 

a change in the final amplifier collector current to change the position 

of the air valve in the vacuum modulator as the error signal changed. A 

clamp circuit, disconnected on complet ion of clutch engagement, limited the 

value of current in the final amplifier collector and thus the amount of 

the air valve closure. (Fully closed gave maximum engine speedo) 

A circuit diagram and a detailed description of the operation 

of the signal modifier are given in Appendix C. 
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4.3 Throttle Control 

Three methods of controlling the throttle vere tested:an 

electric motor drivencontrol, a solenoid operated control, and a 

vacuum servo control. 

4.3.1 . Electric Motor Driven Control: This method of positioningthe 

throttle used a reversible DC motor. A gear reducer converted high motor 

shaft speed to a ver,r low speed to drive a crank mechanism connected to 

the throttle, wuose position coul~ be controlled by running the motor 

. forward or backward. Microswitches, actuated by the throttle control at 

its minimum or maXimum position, limited travel.The mot or also drove a. 

small DC generator to provide a feedback signal. 

This method of control vas rejectedafter testing. There 

was a time-delS\}'" between an input signal and the subsequent change in 

carburetor setting. Backlash in the gear train created positioning 

problems. The unit was complex and more expensive than other systems. 

4.3.2 Solenoid Position Control: A solenoid is an electro-mechanical 

device normally intended to move some mechanism trom one position to 

another as rapidly as possible without stopping at any intermediate point. 

The mechanical force is not linear. Once the solenoid is fully energized, 

.less current will hold it closed (energized). This effect is called 

hysteresis. A standard solenoid is thus not a positioning device unless 

modifications are made. 

Most of the undesirable hysteresis effect was reduced by 

removing the armature stop from the core of the solenoid and making an 
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opening in the bottom of the case through which a longer armature c0uld 

extend.· . A further reduction in bysteresis was. made when travel of the 

armature waslimited to prevent the end of the armature from leaving the 

core and enteringthe hole through the case. A certain current now 

moved the a~ture against spring tension to a specifie position. 

The force developed by the armature, however, vas still not 

linear even with the modifications. Force and rate of movement increased 

non-linearly as the plunger moved into the solenoid. Unless compensation 

was made for this fact, throttle positioning was stilldiff'icult •. Com-

pensation could have been affected by causing the opposing mechanical . 

force to increase at the same rate of' increase as the solenoid force by 

using a return spring vith a rising springconstant or by using a mechanical 

linkage which provided adecreasing mechanical advantage as the throttle 

moved towards its wide open position. This latter technique was the one 

under investigation. Ideally a cam should have been used but an offset 

lever arm, figure 10, was used as a compromise. 

As the throttle control moved it could also have been made to 

move a permanent magnet plunger inside a coil of wire to generate an 

èlectric current that would provide a feedback signal. 

The solenoid position control gave precise control under 

optimum conditions but any small amount of extra friction at a key point 

created problems in positioning. Under field conditions of' dust and wear 

these problems would increase. The measured force of the laboratory model 

was 16 ounces, which was sufficient to operate a carburetor with its 
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external ~inkageremoved. A ~arger so~enoid would have given greater 

force, neverthe~ess this method of contro~ was rej ected. in favour of 

the vacuum serVo unit modulator control. 

4.3.3 Vacuum·Servo Control: Car manufacturers offer automaticspeed 
":. 

control units as an option. These units are general~~ of two types. 

Both types use a fly-ball sensor·driven·from the speedometer liDkage. 

One control~O uses an all-electric carburetor control system which is 

part of the f~y-ball unit and the other~ uses a separate vacuum servo 

unit controlled by a vacuum modulator which, in turn, is controlled by 

the fly-baU sensor. 

The vacuum servo unit is a bellows with one side anchored 
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and the other connected by a short, chain to the regular driver-operated 

throttle· control linkage. The chain, being flexible, allows normal 

driver operation. If air is drawn from the bellows the servo collapses. 

The amount of coll;apse is determined by a) internal air pressure, and 

b) spring tension both on the throttle control linkage and inside the 

bellows. 

The vacuum servo seemed to be capable of the type of carbure-

tor control needed for this unit. It was simpleT, had a minimum of moving 

parts, was not affected by dust, andwas capable of producing sufficient 

pull. Rate feedback could be obtained in a similar way to that described 

for the solenoid control. 

The key to effective control of the servo was the vacuum 

modulator. A vacuum modulator, figure 11, different from that used in 

__ ::aIL 
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the car speed control vas constructed.. Its operation vas as. follovs: 

When the solenoid vacuum valve of the modulator vas energized by the 

clutch control relay, air pressuré inside the modulator dropped tothat 

of the intake manifold. The amount of air flow to the intake manifold 

vas adjusted by means of a valve in the connecting air line. The solen­

oid operated Sir valve controlled the flow of outside air into the 

modulator and thus its internal pressure. The unit is shown in plate 5. 

The shape and size of the face of the air valve wer.e important 

to itsoperation. Themechanical force of the solenoid, modified as dis­

cussed previously, vas opposed by the yalve spring and by air pressure 

operating against the flat under face of this valve. Air pressure on the 

valve face increased as the valvemoved towardsthe closed position. Thus 

the force opposing the solenoid increased non-linearly, effectively off-

setting non-linearity in the solenoid force characteristics. Collector 

current of the DC amplifier controlled the air valve solenoid. 

4.4clutch Control 

Gilmour12 , in developing his automatic control system for farm 

tractors, used a solenoid clutch control vith a dashpot. In the unit 

under development a short stroke, double acting, hydraulic cylinder was 

coupled to the clutch linkage in such a way that ei ther i t or the normal 

foot pedal rITould control the clutch, plate 6. Hydraulic fluid flow to 

the cylinder was controlled by a solenoid operated, open centre control 

valve. The valve solenoids were energized by the clutch control relay 

of the signal modifier. When the engage-solenoid was energi.zed the 

control valve supplied hydraulic fluid causing the cylinder to retract. 
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T'late 5. Vacuum Servo and Vacuum Nodulator 
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When the c~utch was fUlly engaged the clutch arm depressed a microswitch 

to open the engage-solenoid circuit, allowing the bydraulic control 

valve to return to its open-centre position. Hydraulic pressure was 

still maintained inside the cylinder but bydraulic fluid flow was by-

passed into the reservoir. This was done to prevent pressure and heat 

build-up which would occur if the engage-solenoid remainëd energized and 

the system pressure relief valve controlled pressure. A safety switch 

was provided to disconnect the clutch controls. The hydraulic control 
, 

valve could also be operated manually if desired. 

4. 5 SUIilmary 

The completed draft control system consisted of: 

i) a sensor using strain gauges 

ii) an amplifier for the sensor output 

iii) a signal modifier to produce the separate clutch and 

vacuum modulator control sj.gnals 

iv) a vacuum modulator to change the signal modifier output 

into a change in air pressure, and 

v) the vacuum servo to contro~ the throttle position. 

Automatic feedback ~n thz control unit was obtained through the changes 

in the draft force on the sensor as a result of power train reaction to 

sensor control. 
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V. TESTING OF CONTROL UNIT 

5.1 Prelimina;y Evaluation 

Each section of the control was constructed and tested for 

operation. After preliminar,y testing some components were rejected, 

e.g., the electric motor driven throttle control. On the tractor being 

used to simulate the power unit and power train of a self-propelled 

wagon the components were mounted in place and retested. In some cases 

test data vere collected to determine response times to be used in 

developing other control components. 

In addition to rejecting certain components, changes were 
" 

made to other components after initial testing. It was found for 

example that a small change in air pressure inside the vacuum modulator 

made a large change in the movement of the vacuum servo and in the 

throttle setting. Because of this, the adjustment of air control valve 

both mechanically and electrically was not only critical but also diffi-

cult to maintain. This problem vas corrected by increasing the amount 

of vacuum servo movement necessary to effect a specifie throttle change. 

5.2 Laboratory Testing 

AlI this testing of the control unit vas confined to the 

laborator,r. To determine probable operation and time-delay two series 

of tests were conducted. 

The first series was used to evaluate overall control unit 

operation. During this test the draft sensor was manually loaded, with 

the in.puts of simulated draft kept as uniform as possible. 



The second series of tests vere used to evaluate the total 

time-del~ betveen the application of an input and the resulting 

change in vehicle movement. It vas difficult to load the draft sensor 

in such a v~ that it vould provide a square vave output at a constant 

frequency. However, because the draft sens or in use converted an 

input draft force almost instantaneously into an output signal, the 

function generator could be substituted to simulate the controlled 

output signal necessary. 

During the first series of tests the draft sensor was 

connected to the oscillographic recorder and the output of the recorder 

was fed to the signal modifier. Recordings were made of the draft 

force on the sensor, the engine speed, the ground speed of the tractor 

and the clutch actuation signal. A sample section of the oscillograph 

chart is shown in Chart 5. 

Recordings were made during the second series of tests, vith 

the f'unction generator replacing the draft sensor, of the function 

generator output, the engine speed, the ground speed and, the signal 

modifier output to the air valve solenoid. The clutch control relay 

was disconnected and a separate switch used to control the operation 

of the solenoid valve to keep the moving tractor within reach of the 

interconnecting cables but still allow maximum recording time. Clutch 

actuation was not recorded but can be determined from the recording 

of ground speed. A section of the oscillograph chart is shown in 

Chart 6. 
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5.3 Analysis of Tests 

Some comments should be made regarding the graphs of engine 

speed. This type of graph results from the method used to record the 

engine speed. As stated before, the transducer acted on the ignition 

pulses from the e~gine distributor and integrated these to produce a 

graph of engine speed. At high sensi ti vi ty and high paper speeds the 
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recorder vould record the original ignition pulses as part of the graphe 

This effect could have been removed with better filtering but it vas 

considered advantageous to be able to count the pulses from the recording. 

During the tests conducted, of which chart 5 was part, the 

clamp circuit vas not used. Therefore the engine speed should have 

begun to rise vith the increasing input force consistent vith the expected 

time-del~s. This did not occur thus indicating that during this test 

period the throttle control did not produce sufficient movement of the 

throttle. As a result the chart gives the impression that there vas a 

considerable time-del~. If the point (time = 3.5 seconds) at vhich the 

initial input pulse begins increasing rapidly is considered then the time-

del~ in the change in engine speed from that point on is consistent with 

the expected time-delay. 

The vacutun servo had to overcome high spring pressure in order 

to initiate throttle movement and this required a considerable change in 

interna! air pressure of the servo to develop the required force. A 

reduction of spring force should therefore correct this should it"be a 

problem during field tests. 
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The time of the beginning of the clutch actuation is indicated 

by a "pip" on the recording of the engine speed. This effect is created 

by the energization of the engage solenoid. A similar effect occurs on 

de ener gi zat ion • 

5.4 Results of Laborato;y Tests 

Applications of simulated draft force during the first test 

series were not equal but the change in engi~e speed and forward speed 

were proportional to the draft force. .It would thus appear that the 

control system is stable at this frequency of draft input. 

If a higher input of draft resul ted in a much higher peak in 

engine speed -- indicating that the speed was tending to overshoot the 

application of draft -- instability.would have been suspected. 

The time-del83" feature of the clutch control section of the 

signal modifier functioned as intended in preventing unnecessary clutch 

disengagement. This is evident from chart 5. On two occasions, (at 7.7 

seconds and 9.7 seconds), the draft force dropped below 55 pounds but the 

time-del83" prevented disengagement. 

The results of tests are given in table 3. 
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Table 3. Results of Tests 

Time-Delay in Seconds Between Expected Actual 
Application of Input and: 

Clutch Engagement (completion) 0.5 0.5 

Change in Engine Speed 0.3 0.6 

Maximum Engine Speed* >1.0 >1.1 

Time-De1ay in Seconds Between 
Complet ion of Input and: 

Clutch Disengagement 2.0 2.2 

= 

Draft Force (in pounds) Required 
to Initiate Clutch Engagement 50 55 

*Depends on load and amount of throttle opening 
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VI. SUMMARY 

The tests performed in the 1aboratory showed that the control 

met the requirements of the design. The control automatically forced the 

power unit to supply the draft requirements above· a pres et minimum. by 

engaging the clutch and advancing the throttle. 

Indications were that the fail-safe requirement was met in 

the fo1lowing w~s: 1) if failure of the vacuum system occurred the 

vacuum servo would relax returning the throttle to an idle, 2) if the 

clutch rel~ failed to operate to engage the clutch, the vacuum valve 

solenoid would not open and the engine speed remained at an idle, and 

3) if the air valve solenoid closed because of high co11ector current the 

resulting high engine speed would produce a negative draft component on 

the sensor, a zero error signal and clutch dis engagement cutting off the 

vacuum in the vacuum modulator and returning the engine speed to idle. 

However, if a signal other than the correct error signal should develop 

because of a failure in the system there would be an increase in forward 

motion of the vehicle about which the unit could do nothing. An override 

circuit would have to be added to the control if there was a possibility 

that this problem would develop. 

Little interference to driver operation resulted from the 

control system installation. Turning one switch off in the power supply 

circuit restored control of the throttle and the clutch to normal. 

It may be argued whether the unit was as simple as possible 

consistent 1-ri th fulfilling i ts requirement. Future investigation of the 
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modified bydraulic-electric sensor or of a sens or wherein draft operated 

directly on a spring loaded rheostat, using damping if necessar,y, ~ 

produce a simpler form of control. The strain gauge type of sensor is 

simple but the necessar,y chopper and higb gain amplifier is note Because 

of the gain necessary any circuit noise when amplified along with the 

strain gauge output voltage could become a problem. The two sensors 

suggested as alternatives would produce the necessar,y voltage to operate 

the signal modifier without the need for amplification. 

Results of the tests indicate that the design has some merit. 

However, operation under field conditions can be often quite different 

than in the laboratory and may reveal deficiencies in parts of the control 

system. 



VII. RECOMMENDATIONS FOR FURTHER RESEARCH 

It is recommended that the control described in this thesis 

be field tested under a variety of conditions. Other changes to the 

design ID.aiV be suggested by suchatesting pro gram. One immediate 
. . ... 

addition which might be a ne~essity in rOlling terrain would be an 

automatic brak.ing system. A .system which might be readily incorporated, 

with some modification, is.t~e·~ne developed byDouglass and Burdette6 , 

to automatically apply the brakes of a house trailer towed behind an 

automobile as the automobile.' ~tops. As suggested, some of the simpler 

draft sensors should be evalùatêd ,in comparison wi th the electric draft 

sensor and its Êùaboratea.in:plifié:r~ 

58 

The automaticdraft .~ontrol unit, as reported in this thesis, 

was required to control the'clutch. The process of clutch engagement 

forced a time-delavr in the operation of the power unit. If the self-

propelled wagon had been equipped with an automatic transmission much 

better control would probably have been obtained, for as soon as load 

was placed on the sensorthe throttle would be advanced and the wagon 

would move forward withoutthe time-delavr of clutch engagement. It mavr 

be argued that an automatic transmission would raise the cost of a self-

propelled vehicle but this would be partially offset by the reduction in 

the cost of the automatic draft control unit: the expensive solenoid 

operated hydraulic valve, hydraulic cylinder and attendant hydraulic 

circuitry would all be eliminated. 

It is recommended that a further stu~ be made of the 

behaviour of wagons and other wheeled vehicles under field conditions. 



Only sufficient data to develop the design of this control unit were 

collected. More work should be done in this area on the analysis of 

draft required to overcome the rolling resistance of wheeled vehicles 

over the ground under various conditions. Involved would be a stu~ of 

the effects of: tires, tire spacing, tire pressures, tire size, 

vehicle loading, topography, and soil conditions. From the literature 

studied, there appears to be a lack of this information. 
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APPENDIX "A" 

There are other methods of designing and evaluating control 

systems other than the one followed in this thesis. One of these is a 

mathematical approach wherein a transfer function is derived for the 

complete control system and then is analyzed. 

The physical properties of the system are related to the 

transfer function. The transfer function is the ratio of the Laplace 

transform of the output quantity to the Laplace transform of the input 

with the restriction that the initial conditions are all zero. 

The purpose of a control system is to convert some variable 

Al. 

to a constant. It is of interest then to know the system Qynamic response 

to a variable. This can be determined by applying a variable to the 

system and observing the system reaction. In the testing program for the 

control this was accomplished by applying a variable in the form of a 

draft pulse or a square wave and recording the reaction to the system to 

the input. 

Control reaction to an input pulse takes place in three stages 

if one considers what the system was doing before the input pulse arrived 

as the first stage. The second stage is the period while the control 

system is reacting to the pulse. This reaction is called the transient 

response. The third stage is the qperation of the control system after 

the transient stage when it has reached its final value. 

Once the transient response has been obtained the system 
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behaviour can be calculated. Ideally the system should respond as rapidly 

as possible to the input by moving fromthe initial condition state to the 

final condition state. System damping determines the rapidity of movement 

and the probabili ty of avershoot. From·a graph of the response, the time 

of maximum overshoot and the:a.mountof overshocit can be determined and be 

applied to eq.uations to enabieprediction of systém operation. 

The behaviour of the system during :.i~s;tr~sient stage can 

also be predicted from a mathematical analysis 'ot tlle"transfer function 

once this function has been' deri ved f(:>r t:he.SY'st~m..· The ~ontrol system 

may be diagramatically represented as inf'igur~ 12 .• ;' '~he" .La.place transforms 

for the control elementsare: 
..... 

.- .. ..: ';', ',' 

R{ s} is the reference input,i.~ ~th~, pr~s'~~ input~draft , 
.. 

GI{S} is the trans fer functionfor the aI!Iplifter~ 

G2 {s}, for the signal modifier, 

G3{S} , for the vacuum modulator ~.' . 

GI+{s}, for the vacuum servo, 
. " .-

Gs{s}, for the power unit, 

Hl(S}, for the feedback of the carburetor .control, 

H2{S), for the feedback signal providedby the movement of 

the vehicle, and 

C{s), the output variable. 

Figure 12 shows an inner feedback loop which, had i t been 

necessary, would have been rate feedback obtained as the result of 

carburetor control action. 



Figure 12. Diagram of Automatie Draft Control System 

The transfer funetion for the system is: 

W(s) = C(s) = Gl(S)G2(S)G3(S)G~(S)G5(s) 
~ l + H2(S)Gl(S)G2(S)G3(S)G~(S)G5(S) 

and sinee H (s) = l this beeomes 

W(s) = C(s) = Gl(s)G2(S)G3(S)G~(s)G5(S) 
~ l + Gl(S)G2{S)G3(S)G~(S)G5{S) 

A3 

(2) 

This is a generalized transfer funetion so that the eomponent 

replaeed with the approp:date equation. One problem with transfer funetions 

is that sometimes the equations for some of the control parts ean be derived 

only from empirical data obtained after the control has been completedo A 

second problem is that the transfer function as in this case can become a 

higb order equation which would be difficult to factor. 

As a system is driven still harder it may eventually reach a 

point where its operation is no longer predietable and the system is said 
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to be unstable. Again the probable stability can be predicted from the 

transfer function for the entire control. This can be done by applying 

Routh's stability criterion to the unfactored polynomial. A more com-

plete stuqy can be made by the Root Locus Method but this requires factor­

ing and/or simplification of the polynomial. But one advantage of the 

Root Locus Method is that it does give a graphie displ~ of the system 

and the w~ in whi~h the system operation changes as alterations are made 

to the physical parameters. If th~re are problems in the completed con-

trol the root locus method can indicate how the required control system 

response can be obtained. 

The results obtained !rom the use of the mathematical approach 

are only as accurate as the transfer function is itself. There are some 

complications in the development of a transfer function for the control 

system as described~ For example, in the assigning of gain to the co~ 

ponents, the overall system gain is approximately 32 times if the change 

from the 50 pound reference signal to the maximum recorded draft of 1600 

pounds is used. On the other hand a gain of 3650 times was required to 

convert the draft sensor output to a usable signal for the transistor con-

trolling the air valve solenoid. Another example of difficulty would be 

involved in the writing of a transfer function for certain sections such 

as the vacuum servo. 



APPENDIX "B" 

The complete operation of signal modifier circuits, figure 

13, was as follows. 

Bl Clutch Control Circuit 

Bl 

The application of e3 to transistor QI turns the transistor 

on, and the voltage between the collector and emitter, Vce ' drops to a 

low value turning transistor Q2 off. The voltage Vce of Q2 drops to 

-10 volts turning transistor Q3 on. The voltage Vce of Q3 becomes a 

very low value and, because the collector of Q3 is tied to -Vce ' the 

emitter voltage of Q3 becomes equal to -Vce +Vbe which is approximately 

-9.1 volts. The capacitor Cl charges to -9.0 volts via diode Dl which 

is forward biased and conducts. The instant Cl begins to charge trans­

istor, Q4, an N channel field effect transistor, turns off causing the 

base voltage of transistor Qs to become more negative. Transistor Qs 

conducts resulting in the emitter voltage of Qs dropping from -.07 

volts to -.27 volts. Since the emitter voltage of Qs is the base voltage 

of transistor Q6, Q6 conducts and the relay operates opening the dis­

engage solenoid circuit and closing the engage-solenoid circuit of the 

clutch control. 

If voltage e3 is removed from the base of transistor QI' 

the circuit reverts to its original state except transistors Q4' Qs and 

Q6. When transistor Q3 stops conducting, diode Dl is back biased and 

opens but the charge voltage on capacitor Cl remains. The input impedance 

of the FET, Q4' is now very high so that the charge on Cl must be drained 
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PARTS LIST FOR SIGNAL MODIFIER 

10K ohm ~ watt resistor *Ql' Q2' Q3, Qs, Q7' Qg 2N404A transistor 

200 ohm potentiometer *Q4 2N3369 transistor 

lOOK ohm ~ watt resistor *Q6, QIO GE3 transistor 

lOOK ohm potentiometer *Qa 2N1086 transistor 

220K ohm ~ watt resistor Cl 5 llfd capacitor 

5.lK ohm ~ watt resistor *Dl IN914 diode 

470 ohm ~ watt resistor SI Clutch engaged li mit switch 

560 ohm ~ watt resistor Air Valve Solenoid - Part of Vacuum Modulator 

5000 ohm potentiometer Clutch Control Relay 

10 ohm 10 watt potentiometer 

*Polarity of unit may be reversed 
by using equivalent transistors 
of the opposite polarity and 
reversing the diode Dl. 

12 volt DPDT Contacts 

tl:' 
w 



o~~ by the 100 kilohm potentiometer. As long as the charge remains, 

the FET is biased of~ holding transistors Q4 and Qs on and the relay 

closed. Proper adjustment of the potentiometer provides the 2.0 second 

time-delay from the time voltage eg is cut off until the relay opens. 

B2 Throttle Control Circuit 

B4 

Voltage eg applied to the base of transistor Q7 turns it on 

causing its collector voltage to rise toward zero. Potentiometer Ra 

determines the level o~ eg required to turn on Q7. Transistor Qa con­

ducts and emitter voltage rises causing transistor QIO to conduct. The 

value o~ the base voltage o~ transistor QIO determines its collector 

current which in turn sets the position o~ the air control valve in the 

vacuum modulator. As voltage eg changes, the position of the air control 

valve changes. 

When the forage harvester moves ahead it will pull the self­

propelled wagon with it. Since the components of the power train cannot 

act instantaneously considerable pull will develop in the sensor before 

the wagon propels itself. The strain resulting from this pulling ~orce 

will produce a high voltage eg and, as a result, a high throttle setting 

which would cause the engine to race before the clutch could be engaged. 

A transistor clamp, Qg, is connected by a switch SI from the base of 

transistor QIO to the emitter supply voltage, +Vcc , of QIO. When a 

transistor conducts the voltage between the collector and emitter, Vce ' 

drops to a very small amount. The amount of voltage Vce is set by the 

base current. The base voltage of transistor QIO is limited to Vce o~ 

transistor Qg. The amount of collector current of transistor QIO and 
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hence the movement of the air valve controlled by the collector current 

is limited by this method. The 5000 ohm potentiometer, R12 , sets the 

base current of transistor Qg and thus the amount of' collector current 

of tra~sistor Q10. The 10 ohm potentiometer, R13' in the emitter circuit 

of transistor Q10 sets the range of collector current. The two poten­

tiometers determine the limit of operation and the range of operation of 

the air vaive. When the clutch engages the switch in the emitter circuit 

of transistor Qg opens and removes the clamping action. 

B3 Throttle Circuit Performance 

The gain of the throttle control circuit in db, where db = 

decibel = 10 log Wout, was 34 db at 20 hertz. 
Win 
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APPENDIX "C" 

The modified sensor, figure l.4, combines in one section, 

most of the functions of the two separate sections of the bydraul.ic-

el.ectric sensor, figures 5 and 6. Its operation was as follows: With 

an increase in pul.l. on the sensor piston 2 moved to the right increas-

ing pressure against the pressure transducer increasing the input volt-

age to transistors Ql and Q7 of the signal mOdifier-circuit, figure 9. 

If the power unit fail.ed to respond, the pressure woul.d increase further 

until the pressure relief valve l opened allowing hydraul.ic fluid to 

flow into ~luid chamber 1. Piston l was thus forced to the left against 

spring l.. At some pressure all the fluid in chamber 2 was expelled and 

piston 2 would be against its stop. The sensor woul.d th en mechanicall.y 

lock up. Maximum fluid pressure could be preset by the constant of 

spring l. and the ratio of piston areas regardless of the final force on 

the sensor. 

If pull on the sensor decreased spring l. forced piston l to 

the right and the fluid flowed past check valve 1 (which offered little 

restriction to fluid flow) back into fluid chamber 2. Although fluid 

pressures were equal on both sides of piston 2 the force on the right 

side of piston 2 would be greater then than that on the left and piston 

2 was forced to the left. 

The force transducer was simply a material whose conductivity 

changed with pressure rather than the more elaborate transducer, figure 5. 

Preliminary tests indicated that the design had merit. 



~ 
~ 

SPRING 1 PISTON 1 FLUID CHAMBER PISTON 2 " \. 

• ., 

PRESSURE REL 1 EF VALVE 

FLU 1 0 CHAMBER 2 

TO 
~ 

000 ----~~. TRANSDUCER 

--'- Cl j~~~~ j 1 
r~ --[-'--V-]~~T~-~·' .- - -.-

0 1---.----- . <:> G 0 0 00 ~~""~..J 
1 1 _~_;;__l= __ .,.. _____ ---' 1 1 

r 

ŒlECK VALVE 

Figure 14. Modified Hydraulic-Electric Sens or 

.. ~ . 

o 
f\) 




