University of Southern Queensland

Faculty of Engineering & Surveying

The Design of a Three Point Linkage Implement

Height Control System

A dissertation submitted by

Mr Daniel John Clarke

in fulfilment of the requirements of

Courses ENG4111 and ENG4112 Research Project

towards the degree of

Bachelor of Engineering (Mechanical)

Submitted: November, 2006



ABSTRACT

The purpose of this project was to design a haightrol system that could be applied to
a Three Point Linkage mounted implement. Severahaus of achieving this goal were
investigated. The two methods that were investdjateletail were an electrical over

hydraulic system and a mechanical over hydrauktesy.

The unique operation of the three point linkagelenments when lift assist is used
presents problems when accurate frame height isreslj such as when seeding
operations are being performed. The system hasdesgned so that it is constantly
sensing the height of the frame at both ends ointiplement. The output from this
sensing is used to control a hydraulic valve meidadly or electrically. If a height
discrepancy between the front and rear of the impld is detected, this valve will be
activated to allow a flow of hydraulic oil to thié& lassist system, levelling the implement.

The investigation of the electrical control systewolved constructing a prototype

circuit that was based on a PICAXE microcontrolteprovide computing power. This
chip was programmed to read the output from twaatée resistors and detect any height
discrepancies. When a discrepancy was detectedjitiiecontroller activated a
servomechanism that used mechanical motion to cdire position of one of the resistor
to match the mechanical position of the two ressstthus proving the concept of

mechanical height control.

The mechanical system was designed so that thetdudn two height sensing wheels
was mechanically input into the hydraulic valveatduate it when the wheels sensed that
there was a height discrepancy. This system wasleddusing the solid modelling

package SolidWorks and basic engineering analyassperformed on the design.
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GLOSSARY

Implement: Any device drawn behind a tractor to perform aricadfural operation. In this
context, the word implement refers to a device #ider mechanically prepares the soil or
places seeds and other material such as fertifisethe soil

Tractor: A vehicle used to provide tractive effort and lntigontrol to the implement

Tine: a ground engaging device that creates a sloeigtbund for the seed to enter

Air Seeder: A device that uses a flow of air to deliver thedand fertiliser from the

storage hopper to the implement

Distributor head: A device that separates the seed and fertilisen tree airflow from the

Air Seeder and distributes the solid material ®witidividual tines

Three Point Linkage: A system used to connect an implement to a traiog three

points of attachment

Lift Assist: A system of wheels that attaches to the rear dirad Point Linkage

implement that supports the weight of the reahefitnplement

Hydraulic Ram: A device consisting of a cylinder and piston tt@atverts a flow of

hydraulic fluid oil into linear motion

Servo: An abbreviation of servomechanism, which is an gga&lectric motor used for

positional control



CHAPTER 1 - INTRODUCTION

1.1 Introduction

1.1.1 Background Information

Modern farming has become a global enterprise Wlagneers compete on an international
playing field for the ultimate goal of making trergdest profit possible. Australian farmers
must overcome many obstacles including often poorraodity prices, competition with
increasingly subsidised European and American fegifiReynolds, 1999), an
unpredictable climate and the increasing prevalefceought (The Australian, 2006) and
the rising cost of raw materials such as fuel antiliser. The local response to these
problems in the past has been the rapid increaeiafficiency of the farming process

and timely innovation (Howard, 1992).

The adoption of the zero till planting method igrame example of this increase in
efficiency, as economically and environmentally esicable soil erosion has been reduced
under this system (Plaster,2002). More fuel efficient tractors, cheaper @des and the
adoption of GPS (Global positioning system) to guigctors have also slightly decreased
the cost of crop production. As efficiency is thesfralian farmer’'s main weapons in the
battle for profit, it is important to continue torae up with better ways to farm so the

advantages that the Australian farmers now haveatrtost.

There has been a recent movement toward the sioapidn of agricultural equipment, in
particular, planting machines. As the price of stses, so does the cost of large planting
machines. The employment of larger machines mak@soenic sense, as wider equipment
means a greater area can be planted in one dagihgla operator and tractor. This
arrangement obviously increases productivity andmaehe seed is planted in a smaller
time window. This is critical as planting time csignificantly affect yield (Woodruff &



Tonks, 1981 Another factor to consider is that humans dadliketto spent weeks on end
working long days, so larger equipment is appredidty the operator.

Larger Three Point Linkage machines combine sirtpligith size and are a natural
progression of the move towards more efficient fagnmethods. These machines can
require less material in their construction duth®absence of a large hitch and a reduction
in the number of weight bearing wheels. Figureshdws a Three Point Linkage machine
that displays these attributes to some extentthege is no long hitch and only two weight
bearing wheels. These types of systems have salesign flaws that are made more acute
by an increase in size. These issues and theicatith of these issues are the subject of
this project.

Figure 1.1:Image of a three point linkage planter fitted to atractor

Source:
http://www.gyral.com.au/images/Gyral%20T821%20PARALOGRAM%201.jpg



1.1.2 Recent Design Improvements

Large equipment requires a large amount of stedleagineering and manufacturing costs
are higher. It makes sense that planting equipimesimplified so certain parts are made
redundant. Three point linkage planters are onepl@of this trend. Figure 1.1 shows a
large, modern trailing seeding implement. Severatures are evident in this image (the
tractor is obviously not shown). The large hitcld amultiple support wheels are several
items visible in the image. A trailing air seedewisible at the rear of the machine. The
distributor heads are visible above the frame eteft and right of the planter. A casual
observation of the frame of the planter makeseiacthat a large quantity of steel has been

used in its construction.

Figure 1.2 shows another option that is availablatmers. This system takes all of the
parts of the system previously described and irarates it into one compact unit. This
system uses the three point linkage device ofrdwdr to provide draft and height control.
Three Point Linkage is a system that connects thehime to the tractor with three arms.
This transfers the weight to the tractor and alltivestractor to raise and lower the
machine. This system has many benefits. The macainde quite light due to the absence
of hydraulic systems and a long hitch. The mackitsequite close to the tractor, making
the machine easier to turn. The overall simplioityhe machine makes it lighter and

cheaper than a towed machine.



Figure 1.2 shows an image of a typical three- pimkage system at the rear of a Case

8950 tractor. This tractor features a quick hitgstem which is a device that allows rapid
connection of the implement. The three control aams three points of connection that

give the system its name can clearly been sedngnmage. The introduction of larger
tractors that have three point linkage systemdlbas one reason behind an increased need
for Three Point Linkage planters. One notable fesatidi the planter in figure 1.4 is the two
large wheels situated behind the planter. Thisrecant innovation called lift assist. This is
simply the placement of wheels behind the plantané. These wheels are raised and
lowered by hydraulic rams operated with the tréstauxiliary hydraulic system. These

wheels take some of the weight of the planter aachacessary to prevent excessive

Figure 1.2: Photograph of a three point linkage syem
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weight transfer to the rear wheels of the tractbis system also allows the air seeders to
be mounted directly to the rear of the plantehashappened in figure 1.4. Almost all
large three point linkage planters utilise thisteys

Figure 1.3 Gyral zero-till planting system

Sourcehttp://www.gyral.com.au/images/Penetrator.JPG6

It can be seen from comparison between figuresadd31.4 that a conventional planting
system can be greatly simplified with the applicatof sound engineering principles. It is
the improvement of the three point linkage systeat is the subject of this project.

Lift assist in its current application creates peofis when it comes time to turn the tractor.
When the end of the run is reached, the driver :ietift the front of the machine with the
three point linkage control switch and lift the kaxd the implement with the auxiliary
hydraulic lever. These actions lift the ground egigg parts (eg. tines) clear of the ground
and transfer all of the weight to the lift assistegls and the tractor. This is necessary to

allow the machine to be turned on the smallestiplessadius.



Figure 1.4 Homan three point linkage zero-till plariing system

Sourcehttp://www.homan.com.au/Airseeders/Airseeders(28p6)

These actions become difficult for the driver witlles tractor must be steered at the same
time as the implement is lifted, as three actioesn@eded. This means that the driver must
lift the implement well before the end of the rgiréached and then start to turn. These
actions must be repeated after the machine hastbewd, although obviously the
implement is lowered instead of raised. The twepehdent height inputs mean that it can
be difficult to level the machine from front to ka@nd the machine must be adjusted prior
to use by placing travel limiters on the shaftshef lift assist hydraulic rams. It can be
difficult and time consuming to get this adjustmeotrect.

To simplify the process of lifting and lowering tmeplement as well as initially setting up

the implement for a job, there is a need for aeggyghat synchronises the lift assist height
setting and the Three Point Linkage height setflings system will automatically level the

implement regardless of the height setting of tred point linkage setting and will require
no input from the operator once it has been itytiedlibrated.



1.1.3 Objectives

The aims of this project are to develop an autarrteight control system that will sense
when the implement is not level. When this occarsydraulic control valve will be
actuated, and oil will flow into the appropriatéesiof the lift assist hydraulic system which
will in turn level the implement. The overall efteaf this system will be to keep the rear of
the implement at the same height as the three pokatge height setting.

Two types of height control will be investigatedeTfirst is electrical over hydraulic, in
which sensors are used to measure the height dfathieand rear of the implement and a
computer processes the information from the senfadeight discrepancy is detected,
the computer sends a signal to a solenoid opelsgid@ulic valve to provide oil flow to

correct the height of the lift assist system.

The second type of system that will be investigagealfully mechanical sensing system
that uses linkages to actuate a hydraulic valvestore the rear of the implement to the
correct height. If it is decided that this systenthie most appropriate device, it will be

designed using a solid modelling package.

This system will be constructed to be as robugiossible to be able to cope with all
expected operating conditions. The operation okystem must display a high level of
accuracy and repeatability even in the harshestittons and it must be extremely reliable.
It must not interfere with the basic operationha tmplement and shall not require any
modifications to the frame of the implement. It mibe adaptable to suit most machines.
The device must be able to be built quickly andagiewith the most basic tools. Finally,
a farmer with minimum mechanical skill should béeatio mount it to their machine in a

short period of time.



1.2 Assessment of Consequential Effects

The device that is being designed during the conaplef this project will be

mechanically simple, however if any part of the iempent is used to physically support
any part of a planting implant, this presents atyafisk in the case of failure. For example,
if the implement was in the raised position andezinanic was underneath the frame
servicing it, there needs to be no chance of sutalkme. It is, therefore my duty to design
any load bearing device to national standards usésg practice engineering knowledge. If
the control system utilises electronic componemi@ny form, it is important to ensure that
they do not pose an electrical hazard. It is verikaly that this would occur, however, as
the system will be designed to run on a very safedlts. This will be necessary as almost

all tractors have 12 volt electrical systems.

As this device is to be mounted to an agricultarathine that physically affects the soil,
this technology could cause an environmental impashould be noted that the author is
not designing the implement or the ground engadengces, only a height control system.
Therefore as the function of the implement is ungeal, any adverse environmental
impacts would have been directly a result of eithessponsible farming practices or a
poorly designed planting machine. Modern farmingctices are as environmentally
friendly as possible and any responsible farmahigys conscious of potential damage to

the environment, so this is unlikely to be an issue

1.3 Project Methodology

A project of this magnitude needs to be conduateal predetermined manner to ensure that
all aspects of the research and development pracesatisfactorily completed in a timely
manner. The first task is to research the typeadhines that are in the marketplace and
identify the features that may be relevant to phggect. This background information has
been found in books, on the internet and in farnugnals. The next step is to examine

the current designs of three point linkage implets@and investigate the type of three point
8



linkage machines that would benefit from heighttooin This process will involve research

into specifications such as current machine sinéstlae lifting weights of tractors.

The next logical step is to attempt to find if angchas designed a similar system and try to
find the performance of their device/s to guide thesign in the right direction. After
several systems have been investigated, it wildssible to use this information to come
up with several unique solutions to the problerhafjht control. After this has occurred,
research will be conducted into the operation thfrae point linkage planting machine and
features will be identified that will need to behéited for successful operation of the

seeding machine.

The next step will be to design the system in a thaywould be most suitable for the
expected operating conditions. An electro/mechéasigstem will be designed to start with.
A prototype circuit will be constructed and simeldioperating conditions will be used to
test whether it will work effectively in the fieldf. this is not the case, a wholly mechanical
control system will be designed. All mechanicaltpavill be designed in a solid modelling
program. The features and analysis of the fingigewill then be reported on as a

conclusion to the project.

1.4 Risk Assessment

There are only plans for one prototype system tmade, and this is the electronic control
system for the depth control unit. As the constaucof this device is the only planned
physical work planned, the risk assessment wilbdged on this only. This device is a
simple circuit, consisting of several simple comgats. All of these components will be
rated to twelve volts to safely handle the planimpdit voltage. There are two feasible
hazards involved in the construction and testinthisf circuit. The first is the risk of
electric shock. As the voltage is so low, the o§khis occurring is extremely slight. The
nature of the testing means that the level of exym® this hazard will be almost

continuous. The consequences of a problem likeoitgsirring will be very slight, possibly

9



a slight tingling sensation. The benign naturehaf tisk means that no controls will be

implemented to prevent its occurrence.

The other possible risk is that a component suéhaepacitor could be installed
incorrectly. The risk of this situation arisingsignificant, as the circuit calls for a very
specific layout of many components. The level giasure will be rarely, as it should only
take one or two tries to get the circuit assemplegerly. The consequences of this
occurring range from nothing to minor component dg&j and due to this, the only control
that will be implemented will be ensuring that thecuit is double checked for faults

before testing proceeds.

1.5 Resource planning

In order to build and test a circuit, several comgrus will be needed. The specifications of
the components are not known as yet as they wilufsgect to availability. The circuit will
be either wholly analogue or analogue with a digitacessor. The electrical engineering
department is able to provide any component thatfesibly be required, although the
circuit will have to be designed around the patticversions that are available. There will
be no direct costs involved as the equipment wily ®e used once and then returned. If in
the unlikely case that a particular component svailable, another version of the circuit

will be constructed.

The only other resource that will be required isess to the solid modelling software in
the engineering computer laboratories. Accessisoréisource is assured whenever they
may be needed. Even if the computers were expéngitechnical difficulties, they would
be rapidly repaired in a matter of days. Thus ftighly unlikely that this project would be
compromised due to a lack of resources.

10



| LITERATURE REVIEW

CHAPTER 2 — SENSTEK DCM-2 DEPTH CONTROL
SYSTEM

2.1 Review of Depth Control Systems

There have been several attempts in the past igrd@snechanism to control the depth of
seed drills. Two systems in particular have bedaresvely tested by the Alberta Farm
Machinery Research Centre. A series of reportslohgtdhe results of these tests have
been released by the Prairie Agricultural Machinastitute (or PAMI). These tests are
slightly outdated as they were carried out in thyeto mid 1980’s. Only one product,
however, could be said to be out of date, aslisas ultrasonic transducers. These devices,
like all electronic devices, have become much nacirate and can cope with a wider
range of conditions than the ones utilised in ineduct. The results gained from the

testing of this product are still relevant, howe\as the basic operating principles remain.

The other product uses only very basic electroamponents, which are still very much
the same now as they ever were, if not slightlylenarhe distinction between the aim of
these systems and the aim of this project is tteptoducts that exist are designed as fully
automatic systems to control the height of drawtit@hed trailing implements for

precision seed placement. This project aims toneitiis research and develop a system
that uses the hydraulic system on the tractor &p kethree point linkage drawn implement

frame and wings level.
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2.2 Ultrasonic Sensing System

The first system to be reviewed by PAMI was thess&nDCM-2 depth control system. A
photograph of the system is shown in figure 2.1.

Figure 2.1. Parts making up the Senstek DCM-2 debtcontrol system

(1) Sensors (2) Control console (3) Electro-hyticacontrol (4) Implement module
(5) Temperature sensor
Sourcenhttp://www1.agric.gov.ab.ca/$department/deptdodsitis
eng3075/$FILE/349.pdf (1984)

The Senstek system works by mounting the threehdsgtsors on the frame of the
implement. The sensors work by releasing a pulssofd and timing how long it takes to
bounce off the ground and return to the sensory &ne positioned so they are evenly
spaced from the front to back and from left to righthe implement eg. front left, the
centre and rear right. This arrangement is desi¢gmed/e the best possible indication of
the average working height of the implement, asotitputs from these sensors are
averaged. This averaged value coupled with a Verigdin set by the operator and the

output from the temperature sensor is directetiécsblenoid valve. This valve is mounted
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to the rear of the tractor, and controls the headlthe implement by controlling the oil

flow to the height control rams.

The temperature sensor is made necessary becatlserefiance on ultrasonic sound as
the sensing system. Temperature has a marked effébe speed of sound in air, thus
there is a need for a temperature gain to be nteltippy the sensor readings. Only then is
the distance reading from the sensors valid. Gteures include the inclusion of a gain
that could be adjusted by the user in the trattalr increases or decreases the response
time of the hydraulic control system. This worksdamping the signal to the electro-
hydraulic valve. This means the implement can ketbover rough ground without the

undesirable effect of over-compensation.

2.3 Testing

Several issues were identified during the testindpis system. The overall performance of
the system was stated to be “gooBtdirie Agricultural Machinery Institute 1984, p. 2), as
the readings from the sensors were translatedighthadjustment with high levels of
accuracy. The issues identified all stemmed froensilivrface of the field that was being
worked. When heavy trash or very soft soil was gmgghe system would
“overcompensate” resulting in “erratic depth cohit{@rairie Agricultural Machinery
Institute 1984, p. 2). It was suggested that increasin@theunt of signal dampening

available could solve this problem.

When the implement was drawn parallel to rills framrevious tillage, the height readings
from each sensor would often vary considerably. dffect of this was to cause the cause
“the depth control system to alternately raise lameer the implement beyond acceptable
limits” (Prairie Agricultural Machinery Institute 1984, p. 4). Other minor problems that
were encountered involved the failure of two intggd circuits. The cause of these failures

was not discovered, but it is possible that vilorativas the culprit. These failures indicate
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the need for electronic components that are batplsi and extremely durable, if

electronics are to be used at all.

2.4 Conclusions drawn from testing

The Senstek system in its current form was fountokta satisfactory solution to the issue
of depth control in certain situations. The ideahditions for the optimum performance of
the system was ground that was uniform in hardardghe absence of stubble or trash,
although light trash did not cause any issues. dlso noted that the implement should not
be operated in the same direction as previous paBeem these results, it is clear that
using ultrasonic sensors in a ground sensing rolddwot be appropriate under Australian
farming conditions. Typical seed beds in Australteere minimum or zero tillage is used
consist of a medium to heavy stubble cover andraline system which ensures that all
passes are made in the same direction. It is ttlaathe Senstek system is suitable for bare

fallow farming in soils of uniform quality.
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CHAPTER 3 — INVENTRONICS DEPTH MASTER
DEPTH CONTROL SYSTEM

3.1 Height Sensing Wheel Height Control System

A different system also reviewed by PAMI is the Dremaster automatic depth control
system made by Inventroni8askatchewan Ltd. A photograph of the system issho

figure 1.4. The Depth Master system is built arotimde control wheels that are mounted
along the length of the planter frame. Each wheetdunted on a trailing arm which pivots
near where it attaches to the frame. There isiagpnd damper unit mounted to the

trailing arm. The spring keeps the wheel firmlygs®ed to the ground and the damper helps
to smooth out small variations in the soil surfaoeh as stones and bumps. The movement
of the arms actuates potentiometers that sendlsigmthe control consol situated in the

cab.

The control console has a computer that averagesigihal across the three control wheels
and damps the signal to remove spikes and digeisignal. The average implement
height is then calculated from this corrected digamad compared to the desired implement
height set by the driver. If a discrepancy is dietgcan electro - hydraulic valve at the rear
of the tractor is activated which sends hydradti@fto the hydraulic system on the
implement to correct the height. As in the Senfi€lM-2 system, the operator could
adjust the level of signal dampening performedhgydomputer, resulting in a faster or

slower response time.
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Figure 2.2. Parts making up the Inventronics DepttiMaster depth control system

(1) Control wheels and arms (2) Variable potenatan (3) Control console
(4) Electro-hydraulic control
Sourcehttp://www1.agric.gov.ab.ca/$department/deptdoéaieng3075/$FILE/470.pdf
(1986)

3.2 Testing

The Depth master’s performance was said to be “g@ehirie Agricultural Machinery
Ingtitute 1986, p. 2). It is noted that the seed placemestquite accurate, even with soils
that varied in hardness. The main problem thathigigighted was that when the machine
was working in “moist” conditions due to the build of soil on the gauge wheeRréirie
Agricultural Machinery Institute 1986, p. 4). The manufacturer stated in the reppaitif

the correct tyre pressures are maintained and tonsliare not extreme, the action of the

tyre treads flexing would tend to remove mud frdva ¢ontrol wheels. As with the Senstek
16



DCM-2 system, if the implement was towed parabbestirface ridges from previous
passes, uneven height control was experienced oRespime was said to be “adequate” in

all conditions Prairie Agricultural Machinery Institute 1986, p. 4).

3.3 Conclusions drawn from testing

The Depth Master system in its current form wastbto be a satisfactory solution to the
depth control problem in almost all situationswvéts noted that moist conditions presented
mud build up problems; however working wet soiiirsuncommon practice in Australia. It
is common practice to guide implements parallgirgvious passes, so the issues
associated with this mode of operation will havéeécsolved before control wheels are
considered as a viable system in Australian camusti Speculating, it may be beneficial to
provide wider tyres with a flat tread profile. Thall allow all of the wheels to keep clear

of the hollows most of the time.
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CHAPTER 4 — SENSING TECHNOLOGY

4.1 Sensor Application

The height control package will consist of a systhat detects the height of the three point
linkage system and compares this value to the heighe back of the main implement
frame and if necessary, the height of the wings va#ipect to the ground contours. The
system will then either send an electronic messagehydraulic control system mounted

to the implement or mechanically activate a hydcaudlve. The height of the back of the
implement will then be adjusted appropriately. Trigposed system will require sensors
or wheels to detect the height of the frame, devioanterface the sensors with the ground,
a device to interpret the signals from the sen@betectrical) and a system to activate the

height control system.

4.2 Variable resistors

Variable resistors are a simple electronic devieg has an adjustable resistance. The
variable resistor is designed to take an inputhgfspcal movement which changes the
internal resistance of the device to make the taste proportional to the movement input.
This can be used to create a variable voltage wkiphoportional to the movement.
(Variable Resistors, ¢.2006) Used in this situation, these variabsgsters will be best
employed connected to height sensing wheels. Tlksels are connected to a frame that
allows the wheel to move vertically with respecttie implement frame, therefore

allowing it to float over the ground countors.
The variable resistor would be mounted to the frafitiese wheels so that as the wheel

moves vertically, the resistor shaft is twisted #melvoltage output changes. The voltage

outputs from two or more of these sensors arerfeda computing device that determines
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whether a height difference exists, and if sovatéis a mechanism to allow oil flow to

travel to the lift assist mechanism to correcthbaght discrepancy.

4.3. Ultrasonic transducers

Small ultrasonic transducers usually utilise a gmeena known as piezoelectrics. When
certain substances are exposed to a potentiatetiite, they deform slightly. This
phenomena is well documented in quartz crystalseler is known to occur in several
other substances. Ultrasonic transducers utilisectifect by exposing a specially shaped
and heat treated quartz crystal to alternatingecuirat a particular frequency. This
alternating voltage causes the crystal to conaadtexpand at the same frequency as the
current. This causes the air to vibrate, resultingpund. The frequency of this sound is far
above the range of human hearing, hence the namasartic (Piezoelectric Transducers

c. 2006)

The burst of sound is detected by a receiver, wisigdmilar in construction to the
transmitter. The receiver crystal works in the reeeof the transmitter, in that mechanical
deformation of it by the sound waves causes amaltiag electrical current. The sound is
picked up by the receiver either at the target whlee sound travels in one direction or
built into the transducer where the sound is réfi@é©ff the target. Built into the transducer
is circuitry that measures the time taken for thks@ to travel from the transmitter to the
transducer. A time measurement that is increasitenigth indicates that the distance
between the transducer and the target is increabhig change in distance creates a
voltage that varies proportionally to the heightted implement. $RF04 - Ultra-Sonic

Ranger ¢.2006)

Ultrasonic transducers are a common tool used mynmadustries as a method of

measuring distance. An example of this is the diskepth gauges in vessels containing

liquids or granulated substances. The transducstuated at the top of the vessel and
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faces the surface of the liquid. Pulses of sourdiaected at the substance, and the

reflection time is measured. (M&atta & Kostamovaar2000)

It is conceivable that this technology could bepdd to measure the height of the planter
frame in relation to the ground. There are transckion the market today that are
sufficiently rugged to be used on a planter framiggre it would experience vibration, dust
and small impacts with field debris (Bullock, B. R006, Pers comm. 17 August 2006). If
used within its design limits, the transducer caulike an effective depth control system,
as modern transducers are accurate to around I€&m-SRF04 - Ultra-Sonic Ranger
€.2006). To reduce the need for complex circuitmg, transducers would be situated so the
outputs from the transducers on the extremitigb®frame are compared to the output
from the master transducer. The master transdodéis case is the one that detects the
height of the three point linkage. The slave tracgds would be located at the critical
points of the planter frame. These critical poanrts the ones that give the best indication of
the angle of the main planter frame and the wingls Kespect to the ground contours. The
most important aspect of such a design is how éahis transducers to allow for accurate
and reliable readings regardless of field condgion

The capabilities of the transducers are best atilia a situation where they point directly
at the soil surface and project sound waves ajrivend and measure the response. This
system was used in the Senstek DCM-2 depth cosystém discussed in chapter 2. When
the results from the testing of this system wewgereed, it is clear that the unreliability of
the sensors when soft soil and heavy trash areuete®@d preclude its use as a direct

ground sensing device in a system that must be amdgliable as possible.

The transducers can be used to sense the heightesght sensing wheel using a steel plate
that moves closer to and away from the transduséneaframe moves vertically. As this
system requires the use of a height sensing wtheebenefits of using a transducer as
opposed to a variable resistor mounted to a hegsing wheel are now eliminated. Due

to these reasons, the use of ultrasonic rangenfindill not be investigated further.
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4.4 Direct mechanical control

One other system will be investigated. This systélnuse two height sensing wheels, one
at the front and one at the rear of the implemEnése wheels will be identical, and they
will operate linkages that in turn operate a vdhat controls the flow of oil to the lift

assist mechanism. This system is advantageouslasstnot require any electronic device,
therefore increasing reliability. If the systenpi®perly designed, it has the potential to

also offer a high level of accuracy.
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1 CONTROL MECHANISM DESIGN

CHAPTER 5 — ELECTRONIC CONTROL

5.1 Design guidelines for an electronic system

The system that will be investigated here will lasdd around two frame height sensing
wheels, one at the front to sense the height oT titee Point Linkage system and one at
the rear to sense the height of the rear of théem@nt. The frames that support these
wheels will be mechanically linked to variable stsrs in a way that translates vertical
movement of the wheel into rotation of the inpuafsiof the resistor. The two resistors will
then generate two voltage readings which will heutrinto a microcontroller. This
microcontroller will compare the two voltage reagirand find differences that indicate
that the frame is not level. The microcontrollel wien activate a hydraulic valve using a
solenoid to allow oil to flow into the lift assistechanism which will correct the level of

the implement.

A test circuit was constructed to evaluate theibglgty of using a microcontroller to
compare two variable voltages and output a suitedsemand that would turn one of the
resistor shafts to correct any discrepancy betweetwo resistors. In this case, two small
variable resistors were connected to a PICAXE 18é&amaontroller, the operation of
which will be described in another section. Thismcontroller detects any differences in
voltage that indicate a positional difference betwéhe two resistors. The microcontroller
then outputs a signal to a servomechanism thatarsegectric motor to rotate the shaft of
one of the resistors, correcting the positiondgkdénce. It is thought that constructing this
system, programming the chip and evaluating theatioe of the system will determine

the suitability of using this system to control theight of an implement.
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5.2 Description of the PICAXE microcontroller

PICKAXE chips are similar in size and shape to apenal amplifiers and other similar
electronic devices. Figure 5.1 depicts an imaghdefl8 and 28 pin units which are two of
the four chip designs. There are four differenpdizes to allow for different numbers of
input/output pins. There are up to three versidresach chip size, each with a different

level of functionality. The different versions ade@h chip size are distinguished from each
other with the use of different letters after tigpanumber. For example, the base model 18
leg chip is named the PICAXE — 18, the more advavegsion the PICAXE — 18A, and

the most advanced version the 18X. All chips rouddllow this naming convention,
although the 40X chip is the only chip with 40 parsl the 08M chip is primarily an
educational tool designed to play music. Schemafitise eight chip types with pin labels

can be found in the appendix.

Figure 5.1 - Images of the 18 pin (left) and 28 pidevices

Source: http://www.rev-ed.co.uk/docs/picaxe_manypalfl

5.3 Operation of the PICAXE system

The PICAXE microcontrollers can be described amallscomputer on a chip. The chips
are fitted with enough memory to hold a mediumdaigeogram and a processor. The
memory is of the same type found in small USB (arsal serial bus) pen drives and some
MP3 players, also known as flash memoRIGAXE Manual Section 1 c. 2005, p. 27)

The processor runs at a nominal speed of 4AMHztHsitan be increased to 8 or 16MHz

with the overclocking functionRl CAXE Manual Section 1 c. 2005, p. 52).This
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overclocking function will not be used in this pojf as it is not necessary, and the Picaxe

operating manual does not recommend the use ofuihégion.

The basic specifications of each chip are listelrte 5.1. The IC size in this table
indicates the total number of inputs and outputk mto the integrated circuit. The
programmable memory is measured in lines of coslead of the number of bytes,
possibly because this is more useful to the progranwhen designing the program.

The more advanced controllers use two blocks of angnone for the code and one for
data. All of the chips support an ADC (analoguditptal converter), which can translate a
variable voltage input to a digital reading. Thisans the chip can be used for positional
control when a device that outputs a variable gats used. These devices include
ultrasonic range finders and variable resistorsh ed which can be used to measure frame
height. The more advanced chips have a higherugsolduring this operation than the

smaller cheaper chips.

PICAXE IcC Memory o Outputs Inputs ADC Diata
Type Size (lines) Pins (L =low) Memory
PICAXE-D8 8 40 5 14 14 1L 128 - prog
PICAXE-D8M 8 80 5 14 14 3 256 - prog
PICAXE-18 18 40 13 8 5 3L 128 - prog

PICAXE-18A 18 80 13 8 5 3 256
PICAXE-18X 18 600 14 9 5 3 256 + 12c
PICAXE-ZBA 28 80 20 8 8 4 G4 + 256
PICAXE-Z8X 28 600 21 8-17 0-12 0-4 128 +i2¢c
PICANE-40X 40 600 32 8-17 8-20 37 128 +i2¢c

Table 5.1 - Table showing specifications of the vanus PICAXE chips
Source: http://www.rev-ed.co.uk/docs/picaxe_mangpalfl
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The PICAXE 18 chip uses an internal comparatoreidopm a low resolution ADC
conversion and can generate 16 discrete valuesl8Ae&hip which is the chip model used
in the model uses an 8 bit converter, so can gengeb values. The 18X chip which is the
most advanced version of the 18 pin chips useshkit dnverter giving it the ability to
read 1024 discrete voltage incrememEIAXE Manual Section 1 ¢. 2005, p. 70).

5.4 Construction of the model system

The PICAXE chip used in this model was of the t§Bé. The reason this chip was used
was because the author was advised that it wousdtisfactory for the task. The circuit
board used for the testing was a K and H breadboaadtl RH — 21B. This board was
selected as it appeared to be of sufficient siz¢hi® task. The chip was mounted to the
board as shown in figure 5.2. The chip is the bladtangle near the centre of the image.
The white cable leaving the image at the top isctitde used to upload data from the serial

port on a computer.

Figure 5.2: Image of the PICAXE chip installed ontahe breadboard

The minimum operating circuit shown in figure 5.8sathen added to the board. This

simple circuit consists of a 4KZ (4700 ohm), a 2R (22000 ohm), and a 1@kresistor.

These resistors and several lengths of wire wezd testie the appropriate pins to the
25



positive rail and the ground rail, as well as carimg the serial in and serial out pins to the
serial connector. The chip was powered by a reeadnlg 4.8 volt battery pack, with the

positive and negative wires connected to the p@sénd earth rails respectively.

PICAXE-18/18A/18X Circuit
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Figure 5.3 PICAXE-18/18A/18X minimum operating ciraiit

Source: http://www.rev-ed.co.uk/docs/picaxe_mangpalfl

The serial connector was used along with a seoia t provide an interface between the
PICAXE chip and the serial port on a personal cap his enabled the software on the
PC to download programs into the memory of the dgmce enabling quick program
changes. All of the processes needed to set ugrthét, connect the chip to the PC and
download a program were simple and very user fhiedde to the simplicity of the chip
and the software and the extensive documentatetrctin be found in the users manual.
Once the circuit was set up and connected to teepsource and the PC, several light
emitting diodes were connected to the output pintsasimple program was written to
make them flash. This confirmed that the circuiswanstructed correctly and all systems

were operational.

The next step was to add two variable resistore.pdtentiometers that were used were
basic 10 kK units with 23mm long input shafts and a range ofement of approximately

300 degrees. A high resistance was required salthiatg normal operation there was only
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a very small current passing through the resistod, therefore the drain on the battery
would be minimal. The resistors were connectechabthe positive (red) and negative
(black) wires were connected to the positive amtheails that also powered the chip. The
signal wire (white) was connected to one of theetpins that support analogue to digital

conversion. In this case, pins 0 and 1 were ussslf{gure 5.3).

When the resistor has a potential difference agp@moss the positive and ground wires,
the potential difference between the signal wire ground is proportional to the physical
position of the shaft around the arc of movemehts s due to another resistor (non
variable) built into the body of the potentiomeded wired in series with the variable
resistor. It is the varying voltage that resultsrthe interaction between these two
resistors that is read into the analogue to digbalverter to provide a digital positional
reading. In the case of an 8 bit converter, thgeast motion of the potentiometer is

translated into 256 discrete segments.

Once the two potentiometers were built into the eboa simple program was written to
test the operation of the resistors and the chifzeCverything worked correctly, the
servomechanism was added to the system. The 18/ekip system that allows it to drive
servomechanisms that have been designed for radicotied models, which are also
known as ‘servos’. It was decided that to simuthteelectrically - actuated hydraulic
height control system that is recommended fordesign, the best device was a servo
mounted beside one of the potentiometers and agmknechanism connecting the output

shaft on the servo to the input shaft on the paiergter.

Figure 5.4 shows a photograph of the test systets fimal incarnation. The PICAXE chip
(A) is powered by battery (A). The position signate sent in to the chip from the two
resistors (B) and (D). the output signal from thgds sent to the servo (C) via a current
limiting resistor (G). The servo is powered by eattpack (E) and this rotates the shaft of

the upper resistor (B).
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Figure 5.4 Image of the system used to test the apéon of the PICAXE chip

When everything is connected correctly, the micricgler will read in a positional value
for each potentiometer, compare the two valuessend a signal to the servomechanism
that will turn one of the variable resistors so phgsical position of the two resistors match
each other to a predetermined level of accuracyg Hthieving the goal of positional
control.

5.5 Programming the model

Once the system was ready, the act of programrhmghip could start. All programming
was done using the customised program editor #iratawvith the PICAXE chip. The chip
was programmed using a special version of BAFICAXE Manual Section 2 c. 2005),
so learning the programming language was a mdtrerading through the examples
provided in the program documentation. A descrippbthe main commands that were
used is included next.
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5.6 Description of Program_1

The first approach to programming the PICAXE coligraovas an attempt to minimise
problems caused by the oscillations of the heighsmg wheels (both programs can be
found in the appendicis). The main function of UaB@, which is repeated every cycle of
program operation, is to read the positions of eddhe variable resistors into one of the
available general purpose byte variables availdlile.data is read into the RAM using the
readadc command. This is repeated with an apptegitae interval until 12 of the 14 byte
variables contain height data relating to eitherftont or the back of the implement frame.
In the test program which is designed for the maaed variables are left free in order to
store data relating to the position of the servac@®six height readings from each variable
resistor have been gathered, the program calcidateserage value of the height of each
end of the implement frame. This average valuedsemiseful than a single height value as

it minimises the effect of sudden deviations froonmal caused by field irregularities.

The time interval between the height measuremert$e adjusted to suit the required
sensitivity and response time of the system. Aseight of the implement is only
corrected once all of the measurements have bédkxctenl, a smaller interval between data
collection results in an increase in sensitivitgd @andecrease in response time to genuine
lifting or lowering actions. A field that is relagly flat, such as a stone free irrigation
paddock, will allow for a shorter interval betwemeasurements. A very rough or stony
paddock will require a longer time interval to eage out the effects of deviations, and
hence increase the response time to lifting an@mg actions.

After the average value has been calculated, thgr@am then calculates which end of the
implement is higher by calculating which resistas lthe lowest resistance. This action is
performed at the end of Label_30 and uses thaell tommand as well as the greater than
symbol. The syntax used in this program is as ¥aito

(x and y are height variables, z is the differeincleeight)

ifx>y then z=x-y

ify>x then z=y—-x
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This ensures a positive z value at all times.

The reason positive values are required is bedheseyte variables available in the RAM
can only store positive numbers between 0 and 255.

Now that the height difference is known, it is resagy to determine if this difference in
height is large enough to warrant a correctionsTfidone by calculating if the height
difference falls outside of a tolerance band. Tdierance band is necessary because
otherwise constant corrections would take placa évhe implement frame is nearly
level. The size and even the existence of a toterdand in the model system is not
critical, as the input variable resistor is adjdddg hand to simulate the vertical movement
of the three point linkage system. This methodestihg will not be able to accurately test
the reaction of the system to small random movesiatt would be encountered in a
rough paddock; it will only test the reaction toge, slow movements that would occur
during raising and lowering of the implement. Thketance will be included in the model

to make the results from testing the model as Usefpossible.

The tolerance band is specified in label_B5, ardcthde uses three simple let commands
to specify the limits of the tolerance band. Irstbase, it was determined that the height
difference value that did not warrant a height atipent was + 2 units of height. This
corresponds to 2.67 % of the stroke of the servbar@sm, as calculated below.

Stroke of servo = 150 units

Positional tolerance = £ 2 units = 4 units

Tolerance percentage = (4 / 150) * 100 = 2.67 %

This value was decided upon by what seemed to vatttiough a wide range of tolerances
were tried during testing that did not adversefgetfthe program. In real life operation, the
farmer would adjust this tolerance band to arriva balance between the number of
adjustments in a certain period of time that aréopemed and how level the implement is

kept.

If the two height values are not excessively défer the program performs no height

adjustment and skips back to label_30 start theattdn of data again. If the height

difference falls out of the tolerance range, thagpam runs either Label EB to increase the
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height value of label_F2 to decrease the heighteralhe amount of adjustment given
changes in proportion to the amount of change redétr example, in this case, the
change in height is defined by the variable B3asthe difference in height increases, B3
increases. This variable is used in Label EB ahdlld&2 where it is added or subtracted
from the current servo position to reposition theve. The servomechanism used in the
testing rig requires a pulse ranging in length fil@@b to 2.25 ms every 20 ms. If the
length of any of the input pulses is smaller thatbms or larger than 2.25 ms, the servo
will malfunction. To prevent this from occurringnan and max command were added to

the appropriate labels.

It was found with experimentation that an increaisdecrease of servo position of the
height difference B3 resulted in too much movemehts is because the stroke of the
variable resistors is divided into 256 evenly splgeints, but the stroke of the servo
consists of only 150 points. Therefore it is nosgible to directly compare the height
readings from the variable resistors to the pasitibthe servo. To fix this problem, B3
was divided by a constant (C) greater than onederao enable direct translation of
variable B3 to the required positional change efsarvomechanism. The optimum value
of this constant can be found by dividing the Maleaesistor travel segments by the servo
stroke segments, eg. C = 256/150 = 1.7. It is nesile to use this as a value in the
PICAXE program, as the chip can only process integ® the number 2 will be used for
C. When used with the actual system controllinglarsid valve, this constant would be
determined using trial and error by the farmenuiv sach set of field conditions, much like
the value of the tolerance band. The label_EB ahdll F2 code segments use the servo

command to drive the servo using the method desttiito the previous paragraphs.
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5.7 Testing of Program_1 and Results

The program was loaded onto the PICAXE microcoldroh a variety of configurations.
Once a satisfactory base program was written, stavaimple process to experiment with
the program constants. As outlined above, thecalitonstants were the interval between
the height data readings and the constant thdteiyht difference is divided by (called c in
this case). The interval between data readingsawaajor problem in the running of this
program. Initially, it was thought that the appriape interval over which the six height
readings for each resistor be gathered should theeiorder of one or two seconds. A
collection time of two seconds results in a timagdetween readings of approximately
330 milliseconds, as can be seen in the delaysicade in Label 30. This would
eliminate the effects of most of the small, sharpps that would be expected in typical
operating conditions. It was found that as the ag@osition is adjusted every time the
program cycles, so if the data was collected owseaningly reasonable two seconds, there
would be at least a two second delay between he@héctions. This resulted in a very
slow and jerky response to any input. This respa$a from the smooth and accurate

response required from any real system using ¢aisrology.

Figure 5.5 is a graphical representation of théesggsesponse to an idealised input. The
input and outputs were graphed using Microsoft Exdee response was calculated using
a smooth, constant input comparable to the inprdted when the implement frame is
lifted.

The constants used to calculate the response are:

Time step = 330 milliseconds
C=256/150=1.%2
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Figure 5.5: Graphical indication of the system respnse from program 1

Even though figure 5.5 shows an idealised casenatbvershoot because the numbers add
up to require only two corrections to perfectlyaspion the output resistor, a case that
would almost never occur in real life, it can berséhat such a program is clearly
unsatisfactory. Even if the speed of the servo wagased, it would still take a minimum

of 4.5 seconds to correct for the input. This eadly too long to wait to level the

implement after it is lifted or lowered. Based diservations of farmers turning on the end
of a pass, where the lifting is done as quicklpassible to allow the turning action to

occur, the maximum acceptable time delay betwd#tirngy input to the front of the
implement and the rear of the implement correctinghatch the new height would be

approximately 0.5 seconds.

The only feasible way to make this program run dimgas to reduce the time interval
between height measurements to an order of temsllafeconds. As the main strength of
this program is its ability to ‘average out’ thenlyps over a period of time in the order of
several seconds, there is no real benefit gaireed faking a rolling average if the program
is looped every tenth of a second, as the averdbeatvary significantly from any of the

values that the average is calculated from. Basdtiie conclusion, it was decided to use a
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single height value from each of the variable tesssinstead of the average of six height

values. The program was modified using this methaod,is described in the next section.

5.8 Description of Program_2

The second approach to programming the controtigsad the processing of only one
height variable per resistor every time the progcguies. It was decided that removing the
excess data gathering would greatly increase tbiicgpeed of the program, resulting in a
smoother, faster and more accurate response. Ajthearious configurations were tried, it
was found that the most successful way to writeptiogram was to simply replace the
repeated data gathering from Program_1 with asidgta collection. As there are now no
pauses coded into Label 30, there is no need éoiatimer to specify the length of such a

pause.

It was found that a pause was needed after eaobktaunt to allow the servo enough time
to reposition. The time needed for repositioningdour is dependant on the distance
needed for the servo to travel to reposition threser his distance is dictated by the height
difference initially measured that triggered thiaéiege. It was decided for this reason that
the length of the pause would be based on B3,dhable that determined the initial time
response. Thus in Label_F2 and Label_EB a pauséeniasied with a specified length (in
milliseconds) of B3. It was found that variable B8s too small a value to trigger a
sufficient pause. To solve this problem, a muléiplvas used before the pause to increase
the value of B3. The variable D is used in the appate syntax as a multiplier. The

appropriate value of D used in the testing wasrdeteed using trial and error.

It was discovered during testing that the positiontrol system would be unstable if the
length of the pause after the reposition commarslless than approximately 20ms. This is
because the servomechanism is positioned withserdin where each pulse occurs every

20 ms. If reposition commands are received momndttan this, the servo will
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malfunction. To prevent this problem occurringcastant E was added to the variable b3

to ensure the length of the pause never fell b&awilliseconds.

The length of the pause in the model system wilinbeh shorter than the length of the
pause required in a real system, as the respoesd g a radio controlled
servomechanism is much faster than the resporséaofie implement. As stated
previously, the model varies significantly from tieal system, and is only used for
proving a concept and testing the limitations & FHCAXE system. As stated previously,
the value of each constant will have to be fouridgirial and error to suit each planting
system. Apart from the changes described heresatie of Program_1 is almost identical

to the Program_2 code.

The removal of the rolling average means that tleen®w no way for the program can
damp the signal. It is proposed that instead ofgisoftware to remove spikes and dips in
the signal, all damping should occur before inpta the variable resistors. This will
require the use of a suitable damper on the franigecssensing wheel and special attention
to the selection of the tyres mounted to the hesghsing wheels. The selection of the
appropriate damper and tyre is fully explored & thapter describing the design of the

height sensing mechanism.

5.9 Testing of Program_2 and Results

The program was initially uploaded into the PICAXI&p without the variable pause and
with a C value of 2. Theoretically this should hgvevided an almost immediate response
with high accuracy and repeatability. It was disa@d that this resulted in uncontrollable
overshoot and a highly unstable system. A longogeoif time (anywhere between 2 and 10
seconds) was needed to reposition the output oeststhe correct value, and once the

servo did finally centre, it would twitch back afwith uncontrollably.
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Further investigation into this problem led to twclusion that the servo did not have
enough time to reposition itself in response th@ange in input before the program took
the next measurement. Another related source tbilgy was not allowing enough time
between servo reposition commands. The additioranéble pauses with a minimum time
of E milliseconds in the method described previpsgiemed to solve the problems

described above.

The values of constants C, D and E determinede$igonse of the test system. The desired
response was a smooth, accurate and immediatensespath a high level of repeatability.
Various values were experimented with to obtaindbsired response, and as the PICAXE
microprocessor can only process integers, somdgmsbwvere encountered with finding
appropriate values for C and D. However, it wasitbthat whenC =2, D=3 and E =
30ms, a satisfactory response with the desiratdeackeristics listed above was delivered

by the model.

It is not necessary to provide a graph of inpususroutput for this case, as when the input
resistor is moved at a slow rate of rotation, ttrve moves the output resistor with a high
degree of accuracy and the response appears tenbediate. Thus a graph of input and
output position against time would display verttdidifference between the two lines.
Changing the positional tolerance band has no tafi@the running of the program, but as
expected, the smaller the tolerance band, the sniak final difference in height, and the

smaller the input needed to provoke a response.

5.10 Relevance of the model

The model created to test the PICAXE system wakilfse determining the capabilities
and the limitations of the PIC microcontroller; hower it was not possible to test the
response to every operating condition that may oiccreal life. There were several
fundamental differences between the model systehitenproposed system. The most

obvious difference was the use of a radio contiadlervomechanism to provide physical
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motion in the place of a hydraulic pressure systeohan electrically actuated solenoid

valve.

When this difference was investigated, it was sealithat the main limitation of the
PICAXE system is that there is no proportional atigvailable. This means that if the
output of the microcontroller was used to operatelanoid actuated valve, there would be
no oil flow to the lift assist system while the gram determined that the height difference
was within a predetermined tolerance band. Whemdght difference crept above this
threshold, the output pin on the microprocessorld/be set from ‘low’ to ‘high’. This
would throw the solenoid valve to the fully operspion, which would direct the

maximum possible flow of hydraulic oil to the ldssist system.

This immediate flow of fluid would correct the hbtgpf the implement; however the speed
of the lifting or lowering action may be so grdaat overshoot could occur before the
microcontroller can return the valve to the cenpedition and stop the flow of oil. A
system that displays instability in this manneunsiesirable, and it is not possible to

predict this instability with the model that wasstructed.

Another unpredictable element in this design is tiosvelectronic components will be able
to withstand the extreme operating conditions #natpresent on a planting implement.
Elements such as vibration, heat, sunlight, dudteasen an unreliable electricity source
can all cause damage to or affect the performahekeactronic equipment. These
conditions are always present in varying degreefsaion machinery, and it would require a
large investment in technology to isolate the etedts from them. For these reasons, it is
decided that even though electronics may work #gslly in a controlled environment, the
reliability of the system may be poor if they weneunted to an implement. Therefore it is

suggested that a fully mechanical system be used.
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CHAPTER 6 - DESIGN OF A HEIGHT SENSING WHEEL

6.1 Design Outline

It is possible to eliminate the electrical systesraanethod of translating mechanical
motion to a solenoid if the electrical system glaeed with a mechanical system that will
directly actuate a hydraulic spool valve. It ispweed that this be done to eliminate the
many problems that the electrical system presdihts.mechanical system will be made in
the following way. A height sensing wheel mechanigithbe placed at the front and rear
of the implement frame. A linkage mechanism willde&nected to each wheel mechanism
which will translate mechanical movement relatiagte vertical movement of the wheel

to a common area on the implement.

A device will be designed that will accommodateydrulic spool valve and provide the
correct motion to both the valve body and the aatndever. This motion must be such
that while the height of the rear sensing whealithin a specified deviation band of the
front sensing wheel, no valve actuation is allow&then the height of the rear wheel
deviates from this band, such as when a liftingpads takes place, the action of the
linkages should actuate the valve which will alloivto flow into the hydraulic rams of the
lift assist system. This change of oil volume wiirect the height of the rear of the
implement back to within the specified height talere, thus levelling the implement. To
make the device more useful, the levelling actidhaecur right throughout the height

range of the implement.
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6.2 Design constraints

There are many issues that need to be addrestesl dfevice is to work effectively. For
correct height control, it would be possible to ag#ifferent height sensing wheel on each
end of the implement, however this would compligatedesign of the linkage mechanism
to the point where it would be unfeasible. It ispwsed that the same sensing mechanism
be used on the front and back. This would help #ighdesign of the linkages and will also
halve the number of different parts that need tana€ee to produce the control wheel
mechanisms if they are exactly the same.

The entire mechanism will be designed to clamp ¢imtdrame rails of the implement with
the use of U-bolts. This means that the differemtgpof the device can be positioned to suit
the layout of the frame and also to avoid clashwith other bolt-on devices such as tines
and seed distribution equipment such as distribueads. To help with possible space
constraints, the entire device will be made to cmapact. It is not necessary to fully pursue
the reduction in size, as the layout of most baliraplement devices, especially tines, can

be changed to suit the height control device.

This system will be designed to be flexible enotmfit as many implement frames as
possible. As everything will be attached with Utbpthe layout is highly flexible and

could be fitted to a wide variety of frames as lasghe manufacturer provides linkage
arms that are customised to suit the customer’seimgnt frame geometry. This is because
longer implements will require longer linkages tisuorter implements. It may be possible
to design linkages that are telescopic, so thatdewee can be adapted to fit any
implement.
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6.3 Height control wheels

6.3.1 Wheel positioning

It has been determined that the same height sermsaghanism will be used on both the
front and the rear of the implement. It is desiedol have the rear wheel trailing behind the
implement for simplicity and to keep it out fromderneath the frame where it may clash
with the tines which sometimes swing backwarddearcmbstacles. The front wheel
presents a different problem due to the frame gégmiéthe front height control wheel
trails behind the front frame rail, it will operatederneath the frame. Even though this is
the most desirable layout due to simplicity, thiera chance that it will clash with tines and

even the frame itself.

Diagram of firame segment showing firont
and rear height conirol wheels
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Froni wheel Direction of travel

Rear wheel _

Swinging frame and wheel
f_—-—ﬁ,_m_h showing movement during
turning and clash
possihilities

I A —_—
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Figure 6.1: Image depicting the disadvantage of adiling front wheel

This problem is compounded by the fact that théirigaarm will have to swing through an
arc to allow the wheel to turn, thus increasingdhance that a clash may occur. Figure 6.1
illustrates this possibility with a diagram of suzlsystem. Note that almost the entire area
in the square section in which the front controkbehis situated now becomes almost
unusable due to the possible clashes between teelahd the tine. Another issue to
address is lateral positioning of the system. Tuce clearance problems with the three

point linkage and the lift assist, it is proposkdttthe wheels be mounted to one side of
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tractor as close to the rear wheel as possible Whi reduce the error resulting from

tractor and implement roll.

To eliminate problems relating to the positionirighee wheel under the frame, it is
proposed that the rear wheel will trail, as seeRigure 6.1, and the front wheel will
protrude from the front of the implement, facing thpposite direction to the rear wheel

frame. This situation is illustrated in Figure 6.2.

Diagram of proposed wheel layout

M, Implement fiame
Pivot
Wheel mechanism

Figure 6.2: Image depicting desired wheel layout

It is immediately clear that this layout will preudhe front wheel from having the ability
to castor. This ability is necessary because ifntheels could not castor, they would skid
sideways in a turning manoeuvre, stressing thedranad bearings and wearing out the
tyre. For a wheel to castor properly, the pivot thessituated ahead of the axle so the
wheel will trail behind this pivot and continualfigce the correct direction. Therefore the
frame will be designed so that a linkage mechamistands a pivot in front of the
implement that a separate frame that the whedfasteed to can use as a castor pivot.

Figure 6.3 illustrates this scenario.
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Diagram of proposed height
sensing wheel assembly

Castor pivot

l

Implement frame

Wheel assembly

Direction of travel

Figure 6.3: Image depicting the final design concemf the wheel frames

This diagram indicates how the vertical movemerthefwheels is allowed to occur
through the movement of the parallelogram assenalplg,the angled axle brace allows the
wheels to trail behind the castor pivot regardiEdhie direction of travel and the
positioning of the mechanism. Note also that thiaregement allows the same components
to be used twice, as physically there is no difieeebetween the front and rear control
wheels. This helps to keep the cost of producica minimum and inherent symmetry

simplifies the design of the control linkages.

6.4 Design of height sensing wheel

6.4.1 Materials selection

Three main requirements of the material used mdpvice are high strength, high fatigue
resistance and low cost. Other more minor requirgsn@clude ease of manufacture and
high availability. High strength is required to thedth the often extreme loads that are
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placed upon agricultural equipment. Fatigue reststas needed to deal with the cyclic
loads and vibration that result from travellinga@ss rough ground at moderate speeds.
Cost is a major requirement as agricultural machmast be heavily overbuilt to cope with
extreme conditions, meaning that much more materiaded in the manufacture of the
equipment than is needed during normal operatBulldck, B. K. 2006, Pers comm. 17
August 2006)

Ease of manufacture is important because complageshmust be able to be made from
the material with a minimum of manpower and machitmereduce costs. High availability
is important as much material will be needed to ufi@cture a large number of these
devices, and this will need to be sourced rapidly effectively. These combined
requirements preclude the use of all but one natavhich is steel. Steel is the metallic
element iron (Fe) that has had the alloying elemartton added during production. Steel
is suitable as it is strong, has a high fatiguestasce and can be easily cut to shape with a
variety of methods. These shapes can be joinedheig form strong parts using

inexpensive welding methods.

Due to the abundance of iron in the form of minafwea ore and carbon in the form of
coking coal, steel is one of the cheapest andIseadailable manufacturing materials
available, therefore the parts can be overbuileut incurring a significant added cost.
Almost all agricultural machinery is constructethaskt totally from steel due to these
reasons (Bullock, B. K. 2006, Pers comm. 17 Au@0$t6). Steel can be purchased in a
variety of different alloy types ranging in yielttength from 284 MPa (AISI 1015) to 688
MPa (AISI 8650) (Juvinall & Marsheck 1999, page 84%) a general rule, the higher the
AISI number, the more carbon is present in theyalioe higher the strength and the
costlier the steel. The most suitable steel forpttoposed frame components is AlSI 1020,
which has a yield strength of approximately 350MRavinall and Marsheck 1999, page
846). The designation 350 is used when specifthiggtype of steel in sheet form. This

steel type will be used for all of the structurairgponents.
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6.4.2 Manufacturing method

The wheel mechanism will be designed to fulfil@lkthe requirements of a height sensing
wheel while using a minimum amount of material, ilsitill being easy to manufacture
and using sections of readily obtained steel. TkRem@@mplex shapes, appropriate shapes
will be cut from steel plate using either hot gasu@ally oxygen/fuel mixture) or laser
cutting methods, depending on availability and cokese shapes will then be welded
together, again using the most readily availabliling method. Holes that will
accommodate shafts will be initially cut with thasglaser method and then drilled or

reamed out to size to obtain a smooth surfacehfiarsl sufficient dimensional accuracy.

Extra support will be given to shafts by weldingicentric collars to the plate surface
which will increase the surface area of the loadéglnal surface, reducing any stress
concentrations. These collars will also be useskture the shafts by drilling small holes
through the centre of them at right angles to tiedtsaxis and corresponding holes through
the shafts. Small bolts can then be inserted dneshafts are fitted which after they are

fitted with nuts and tightened will secure the s&ai place.

The shafts will be turned from AISI 1020 steel adchn initial diameter slightly larger than
the final diameter. The collars will be turned froime same grade of steel tubing of the
correct initial diameter. It is necessary to tura inside of the tubing to ensure the correct
internal diameter and to add chamfers to the sbdges. Wherever a shaft is being used as
a pivot, it will be secured to the steel plateg tharound it with a bolt. The bearing surface
will be a piece of steel tubing that is weldedte piece that is rotating with respect to the
pin. This tubing will have an internal diameterttisaslightly larger than the pin diameter
and a large enough wall thickness to allow for gigant wear to occur before replacement
is necessary and also to allow a grease nipple threaded into the surface to provide

lubrication.
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The bearing tube will be of sufficient length tmpide a large surface are so bearing
pressures are not excessive, keeping wear to annni The proposed pivot system is

illustrated in figure 6.4.

Diagram of proposed pivot design

Figure 6.4: Diagram of proposed pivot design

In this diagram, it can be seen that the pivot(pinis secured to collar (C) with bolt (E)
which is welded to part (B) with a weld bead aroyoid (D). Part (F) is welded to bearing
tube (G) which rotates relative to the pin. Thia isimple way of making a long lasting
pivot that is easy to assemble and disassemble. that a grease nipple would be fitted to
the centre of the bearing tube but this has beattezhio simplify the model. Five of these
types of pivots are needed on each control wheeharesm, four small ones for the

parallelogram mechanism and one large one for theeicastor pivot.
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6.5 Parallelogram Mechanism

Figure 6.5: Image showing the final parallelogram dsign

The parallelogram mechanism was built to combinayranctions in the same unit.
Figure 6.5 shows an image of the solid model ofnleehanism. Backing plate (A) acts as
an interface between the mechanism and the implefrane. This is secured to the frame
with the U-bolts (B). Note that there are four drfint height settings that are available
from the twelve holes in the backing plate. Thlswas the height sensing mechanism to be
adapted to suit the height of most implements. fidmme in the image is made of simple 4”
square rolled hollow section (RHS), although adalpliecks will be supplied with the
device to fit these U-bolts to a variety of diffetérame sizes. The height setting shown
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shows the correct setting to suit a (lowered) frémmight of 800mm, as may be found on
large trailing implements. The large height tranagige of the mechanism coupled with the
four height settings ensures that this device eafitted to most three point linkage and

trailing implements if this is necessary.

The lower link (D) and upper link (E) are made 6k63mm RHS with a 3mm wall
thickness. Note that these dimensions correspo@dkt@’2”, which is a common RHS size.
Both are fitted at each end with greasable beduhgs as described previously that are
welded onto the walls of the section. Four of thesde up the pivoting points for the
mechanism. The upper and lower links are bothdfitteéh 20mm shafts (F and G) that
protrude from the links and provide mounting pofiotsthe shock absorber (I) and spring
mechanism. Item C forms the fourth segment of #ralfelogram, and is the part that
holds the castor frame which in turn holds the WhEee castor pivot (H) is made of
another greasable bearing tube that is sized &o3dmm shaft. Full detail of all of these

parts arcan be found in the appendices.

The shock absorber is fitted to the frame to dargess motion resulting from rough
terrain. If this was not done, there would be alhoesistant activation of the spool valve in
even the smoothest terrain, resulting in erratighitecontrol and excess wear of the spool
valve and linkages. The shock absorber specifiethfe application is a unit from the rear
of a Nissan Patrol Four wheel drive, part numbe&QAThis unit was designed for a heavy
vehicle, so offers a high amount of energy absonptapacity, as well as a long life and
reliability. The stroke of this unit is measured80mm, which if the geometry is set

correctly is enough for this application.

The geometry of the final design of the mechanispams that the greatest damping force
occurs at the working height where it is most néedad almost no damping force is
present when the frame is fully extended and dagugimot as critical. This method of
design means that the damping force can be adjbgtetdanging the height setting of the
U-bolts that secure the backing plate to the fradseng the upper bolt holes will increase
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the damping force by raising the wheel, whereasgugie lower bolt holes will reduce the

damping force by effectively lowering the wheel.

A view of the other side of the model is shownigufe 6.6. This shows the mechanism
that mounts a spring to the mechanism. This spsimgcessary to provide force to push
the wheel down to provide an accurate contour fahg ability. The other job that the
spring must perform is to force the wheel to tradl@lvnwards fast enough so that even in a
rapid lifting phase, the wheel remains in contaichwhe ground. This means that the

spring must have enough force to extend the shios@rber at the correct speed to keep the

wheel touching the ground.

Figure 6.6: Secondary image of the final parallelagam design
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The spring holder works by providing two platesafiel E) that press on either end of the
spring and contain it. These plates move relabvesich other as the frame moves
vertically, keeping the spring compressed and pliagidownward force to the wheel. The
plates are aligned with a shaft B that is connetadabss assembly G and slides relative to
alignment boss A. The sliding shaft is also locateaxially inside the coils of the spring,
therefore containing it between the two plates. dlighment boss is held on the upper
20mm shaft by a split pin and a washer (D) inst&#aal collar and bolt (C). This is because

the sliding shatft is too close to the pivot shafaliow a collar and bolt to be used.

6.6 Spring Design

As the spring holder and the shock absorber shareame mounting points top and
bottom, the extension force on the shock absorbengl lifting of the implement is equal

to the compression force from the spring minusfdinee that the spring is exerting on the
ground through the tyre. The faster the liftingactthe more of the spring’s force is going
into extending the shock absorber. Therefore thi@gghould be able to exert enough
force to extend the shock absorber at a fast enmtghio keep up with a rapid lift and
provide enough additional force to keep the tyredntact with the ground at the same

time.

The shock absorber unit that was obtained for niodgburposes was worn out, so the
compression damping force that was measured wagp@sentative of a new unit. The
extension damping force felt a lot stronger howeaad was enough to provide a rough
guide to the expansion damping factor of a new. Uiiis is the critical damping factor that
would govern the design of the spring. To get &flmethe damping factor, an extension
force of an estimated 20kg was applied to the slabslorber by hand and the extension
rate was estimated. The testing procedure wasampproximation because as mentioned

previously the test unit was worn out and could/qgmbvide a rough guide anyway.
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This test indicated that a force of 20kg would Hesuan extension speed of approximately
20mm/second. It is estimated by visual observatiahthe maximum expected lift rate of

a three point linkage implement is approximatel@rhén/second. Note that this device is
not being customised to fit one tractor; it is desd to be universally used on a wide
variety of tractor/implement combinations. Thus #éiva of this design process is to come
up with a maximum feasible lift rate figure thautdbe encountered and design a spring
that will be able to extend the shock absorbehatbrrect rate and at the same time supply
sufficient force to press the tyre into the groufildus based on the observations of the
operation of three point linkage systems, it isidiett to design the spring to lower the
wheel at a rate of 200mm/s. This speed is far greaan any lifting rate that may be

encountered, so will be sufficient to keep the Wipeessed into the ground at all times.

At working height which is defined as the heightloed implement that forms the
parallelogram into a rectangle (the links are hmnrtal) it is necessary to find the ratio of
change in spring extension to the change in wheighth This will indicate the speed ratio
between the rate of spring extension to the ratehath the wheel changes height. This
information is necessary to find how fast the dangb®uld be extended to provide a
vertical tyre movement of 200mm/s.

Using the measuring tool in Solidworks, it was fduhat at working height, a vertical tyre
movement of 35.5mm resulted in a spring/dampemsita of 13mm. this gives a speed
ratio of~0.366. This indicates that a vertical tyre spee#0ffmm/s requires a spring
extension speed of approximately 70mm/s. If 10kfpafe gives a velocity of 10mm/s,
then this indicates a required spring force of 70kgallow for error and a new shock
absorber, the spring will be designed to have &wwgrcompression force of 100 kg. When
the mechanism is fully extended, the spring wileapected to develop a force of less than
half of this to continue to apply some force to tyre. An estimate of the required force is
30kg. This value means the free length of the gpwitl be slightly longer than the longest
working length of the spring, simplifying the desig
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The spring will be designed so the solid length taél met before the shock absorber
reaches the end of its stroke to protect the shbskrber from crushing. The figure shown
at the left of Figure 6.7 shows an image of the&dsolodel of the parallelogram mechanism
positioned at this setting. From measurements tikem the model, this indicates a solid
height of 204mm.

Figure 6.7: Image of the parallelogram mechanism aiwo height extremes

Similar measurements show a fully extended spraight of 413mm. The figure at the
right of Figure 6.7 shows the same mechanism irfulheextended state. Thus the spring
parameters are now known so an appropriate helicapression spring can be designed..
The spring design process found in Juvinall andsieck (1999) will be followed
Spring length (minimum load) = 413mm
Solid length = 204mm
Spring length (maximum load) = 10% longer thandstdngth

=204 + (204 x 0.1)

=224.4 mm

Minimum load = 294 N

Maximum load = 981 N
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Spring rate = change in load / change in distance
= (981-294)/(413-224.4)
= 3.64 N/mm or 3642.6 N/m
Free length = (minimum load / k) + Spring lengthr{imum load)
= (294 / 3.64) + 413
=493mm

Force required to fully compress the spring &
(Free length — spring length (solid)) x k

= (493 - 204) x 3.64

= 1052 N

The diameter of the spring as measured at thegpie axis is the variable that will be
found first. This will be done by starting with tkeown variables & spring rate k, number
of turns N and shear modulus G. Values for spriagnéter D and wire diameter d will be

estimated from the start.

G =E/(2(1 + v)) (Juvinall and Marsheck 199994)
Where E = 207x1tPa
And v = 0.3 for steel (The spring will be made ofccdrawn steel wire)
G = 207x18/ (2 x (1 + 0.3))
= 7.961x1¥

k = (d"G) / (8D°N) (Juvinall and Marsheck 1999, p. 495)
The wire diameter d has been found to be 0.006s. Vialue has already been calculated

using iteration of the following method.

The value of N (the number of turns of the wirell e calculated from this data using
Juvinall and Marsheck (1999), p. 500 which states fitr a helical compression spring
with squared and ground ends (suitable for nestgainst flat surfaces)
Solid length k= N.d
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N=204/6.4
N = 31.875 turns
Now the spring diameter D can be found from equati.8.

k = (d'G) / (8D°N)
3642 = (0.006%7.961x10°% / (8xD°x31.875)
D = 0.0518m

or 51.8mm

Now the necessary ultimate tensile strength ofiliie will be found to provide final
verification of the spring design. The shear steeggerienced when the spring is
compressed solid4yiq) should be limited to less than 0.4%&r ferrous spring material
without presetting), where,8 the ultimate tensile stress of the spring wirev{nall and
Marsheck 1999, p. 499). This is necessary to liomg term set to 2%, which is desirable
to preserve the performance of the spring. Thisev&éd obtained from Juvinall and
Marsheck (1999), p. 494.

Tooia= ((8XFxD) / (<)) / Ks
Ksis found using Juvinall and Marsheck (1999), pt 49
where C = D/d =51.8 / 648 which is in the preferred range for springs vgtbund
ends. This gives ad¢alue of~ 1.05.
Tsolid= ((8%1052%51.8) /16x6.4%)) x 1.05
= 555 MPa

Su= Ts0id0.45

= 1235 MPa
This is approximately 1.5% below the ultimate ténstrength of 6.4mm spring wire as
given by Juvinall and Marsheck (1999), p. 497.

Thus the spring will be made with the following pareters:
D=51.8mm

d=6.4 mm
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N =31.875
Lfreez 493mm

Figure 6.8: Image showing the redesigned spring gt

The spring stops must be designed to supportytpesaf springFigure 6.8illustrates the
changes that were made within the model. Notetttgaénd faces of the spring sit on the
face of the larger diameter plate and the inn@uanference of the spring is supported by

the smaller turned boss.

6.7 Design of castor frame

The castor frame is the device that attaches tpdhalelogram assembly through a shatft
(A) that allows it to pivot on a vertical axis. Twnages of the solid model are shown in
figure 6.9. Attached to the lower part of the fraisénhe shaft (D) that supports the wheel
hub. This shaft is horizontal and is shaped tonabasy installation of the hub and
bearings. To enable the height sensing mechanidra tsed on both the front and the back

of the implement, the castor frame must be abtasbor through 360 degrees. This is
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achieved by bending the upper support (F) to peeldarance and carefully designing the
pivot mechanism. The castor frame is secured witblethrough threaded hole (G) which

will be explained later.

J.

Figure 6.9: Two images of the castor frame

The wheel will always trail behind the pivot by #éing the main spar (E) backwards so the
axis of the axle is behind the axis of the pivohaf the hub is installed onto the shaft, the
inner bearing seats onto the surface (C) and ttex bearing seats onto surface (B). The
shaft is shaped like this so that the inner beazargbe installed without first having to be
hammered over surface (B). Juvinall and Marshe8R9Y), p. 601 indicates a variety of
bearing sizes and bearing numbers. A bearing vaiicthearing number 206 was selected
for the inner shaft diameter. This bearing hasra lbd 30mm, an outer diameter of 62mm
and a width of 16mm. A 205 bearing was chosenhferauter shaft diameter as it has a
bore of 25mm, an outer diameter of 52mm and a weflttbmm. the shaft and hub were

designed accordingly. Juvinall and Marsheck (1999504 indicates that for a 9010
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revolution life with 90% reliability, the 25mm lighluty bearing must be exposed to a
constant load of less than 3650N. The 30mm beaangoe exposed to up to 5400N to
obtain the same life. These load figures are npeeted to ever be reached in operation
due to the small loads that will be applied by4peng. Each bearing may be expected to
have upper load spikes of no more than 500N in @vemost extreme conditions (note
that the wheel load is shared between the two bgs)iNo further analysis will be

conducted upon these bearings.

6.8 Hub design and wheel selection

The most appropriate tyre for this applicationnsAaV tyre. These tyres have a large
rolling diameter, a wide contact pattern and a \Rigk profile. The large contact area and
low loads they experience mean that they are arilgted to very low pressures. They are
designed to be used in an off-road situation ardlerefore inherently tough, durable and
puncture resistant, making them suitable for tpggliaation. The reason a thick profile and
low inflation pressures are desirable is becaussetlraits give the tyre the ability to
deform heavily as they travel at moderate speedsmugh, stony ground. Where a high
pressure tyre such as a car tyre would deflect tgphagainst the damper whenever a bump
was encountered, the soft ATV tyre would simplyadef and absorb the bump with the
absolute minimum of wheel deflection. This is infpot as any undesirable vertical
movement of the parallelogram could trip the sp@ie and result in poor height control

and unnecessary wear of the mechanism.

The tyre that was selected for this application &AXXIS 25x10-12 NHS tyre. This
Tyre has a 25” external diameter, is 10” wide atsld 12” diameter ATV rim. An image

of this tyre fitted to a rim is seen in figure 6.0IMere is no specified rim for this
application as there is an abundance of makes awd@lsof 12” ATV rims and the
manufacturer of this device will make a selectiasdxl on price and availability at the time
of production. This tyre was selected as it haartiqularly large external diameter,

therefore will ride over rough ground quite smowthl
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Figure 6.10: Image of the tyre that will be used
The hub is to be machined on a lathe from steed.sfd pattern will depend on the exact

rim selected, so no dimensions are given hereifiteenal surfaces must be machined to

provide a press fit for the outer bearing raceso Twages of the solid model of the hub are
shown in figure 6.11.

Figure 6.11: Image of the hub model
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The image on the left shows the face that the wivdleteat on and a typical four stud
pattern. These studs are threaded into holes #vat lbeen tapped into the hub. The smaller
bearing fits into the machined internal surface isndserted until it touches the ledge seen
inside the hole. The image on the right shows thercside of the hub and the machined
circumference that the larger bearing must fit.iftoe fit of the bearings into their
respective holes must be of the correct tolerandeetuseful. Juvinall and Marsheck
(1999), p. 880 shows a table of various fits tmatwesed in manufacturing. The most

appropriate fit for a bearing given the naturehaf application is a tight fit.

The force that is required to fit the bearing wigipend on the exact dimension of each
individual bearing housing. The most appropriateireaof the bearing fit would be one
which requires light hammering to insert it. JuVirrend Marsheck (1999), p. 880 shows
that for a tight fit, the hole diameter tolerance.8052x (Vd ) where d is the nominal hole
size. It will be assumed that the tolerances obtlter bearing races are negligible. The
nominal hole diameter for the smaller bearing i;2b This means that the size of the hole
can be calculated.
Smaller hole diameter tolerance = 0.0052%35 )

= 0.00152
This means that the hole should be 25+ (0.00152/2)
or 25+ 0.0076mm
Larger hole diameter tolerance = 0.0053%30 )

36+ (0.00161/2)
or 30+ 0.0081mm
An image of the entire wheel assembly is showngaré 6.12. This image shows the
device mounted to a sample 4” implement frame. ddstor assembly is positioned the
way it would be if the device was mounted to tlenfrof the implement. The height setting
of the frame is typical of the operating heightteé frame assembly when the implement
has been lowered. The wheel bearings have notrbedelled as they are off the shelf
items. Note that the shock absorber and springehaigkchanism are sitting about midway
through the stroke in this operating position whih desirable situation as this gives the
wheel the ability to deflect up and over obstadidisis is necessary.
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Figure 6.13: Close up image of the castor frame pd¢

Figure 6.13 has been included to show how the céstme is secured to the parallelogram

assembly with one M16 x 50mm bolt and a @65mm, Smaok washer.
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6.9 Spool valve control

The proposed mechanical spool valve activationneduire careful design of the linkage
system to ensure that the frame remains level Aeajht settings. The spool valve that

will be used will be a heavy duty, single spool #kr operated “open” valve. Open spool
valves are different to closed valves in that wtiezry are in the neutral position, oil is
allowed to pass freely through them and be reatedl through the exhaust lines and back
to the oil reservoir. This means that pressure goithe lift assist valve can be fed a
constant supply of oil from one of the hydraulioes from the tractor. When no height
correcting oil flow to the lift assist is needelde toypass circuit build into the open valve

lets oil cycle through the system at low pressue r@turn to the oil reservoir.

Figure 6.14: Image of a hydraulic ram

Figure 6.14 shows a photograph of a hydraulic ra@d irs an agricultural application and
indicates how lines connect to each end of the Eauh of these lines connects to a spool
valve which controls the flow of oil to and fromakeof these lines. When oil flows into

one end of the ram, it pushes the piston away trosnend and oil flows out of the other. It
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is necessary for the valve to allow this exhaustodilow away from the ram as oil is
pumped into it for the ram to function. Commerapbol valves have this capability

engineered into them, and an off-the-shelf itent @l used in this application.

5
TO RESERWOIR
(Il

Figure 6.15: Diagram of the operation of an openg®ol valve
http://www.tpub.com/content/engine/14105/css/1410%8.htm

Figure 6.15 shows a schematic of an open spool vBlve P represents the pressure input
from the tractor to the valve. Points C1 and Qistillate the ports that connect the two
hydraulic ram lines to the valve. Image (A) shotes meutral position where no oil flow to
the rams are required. Oil always flows in from titaetor through P, regardless of valve
position. In this case, no oil flows to or from tfan through C1 and C2. The oil simply
flows into and then through the centre of the aarrvd, through the ports at the ends of
the valve and collects back at the exhaust pagotto the reservoir. There is no change in

ram position.
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Image (B) shows a schematic of the valve when éiméral rod has been moved to the
right. In this case, oil flows into the pressuret@nd is diverted to C1 through the oil
passage created by the movement of the controhestie the piston moves away from the
side of the ram that is supplied by port C1. Odliswed to return from the ram to C2 and
is routed through the centre of the control rod tah to the exhaust port to be returned to
the reservoir. Image (C) shows the same situatioerevthe control rod has been moved to
the left. In this case, oil flows to the ram thrbygprt C2, and oil is allowed to return to the
exhaust port from C1. The effect of this reverded fis to move the ram in the opposite
direction to that which would have occurred if ttetrol rod was moved to the right as in

image (B).

Figure 6.16: Image of a guick hitch couplin

http://www.bareco.com.au/files/hydraul2001/hy9.htm

If a closed valve was used, there would be nd@i through the system unless a height
correction was needed. This absence of oil flowmadhat the pressure relief valve on the
tractor hydraulic pump would be constantly actidaisausing rapid wear and failure of the
pump and valve system. The oil flow to the valvél be controlled by the lever in the cab

that activates one of the tractor remotes.

An image of one of these quick-hitch remotes isnshm Figure 6.16. In this case, the
body of the mechanism (A) is bolted onto the badke tractor. Each of the two
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connectors that make up this body can be usegessaure or exhaust line, depending on
the position of the lever that controls the spaiVe that these lines are connected to. The
other part of the quick-hitch mechanism (B) carcbenected a hose and quickly joined to

the connectors to form a high pressure connection.

Most modern tractors have a feature that allowsadrilee remote levers to be locked
forward to supply a constant flow of oil to the ilmment, usually to run hydraulic motors
and devices similar to that being designed heres@&hilevices mean that modern tractors

have the ability to supply this device with a camstflow of oil.

6.10 Spool valve selection

Selected for this application is a Hydreco V37D1Xigle spool open valve that is
manufactured by David Brown Hydraulics. An imagedimilar valve is shown in figure
6.17. This valve is a heavy duty valve designedfbfiows of up to 266 I/min and built to
safely handle oil pressures of 2500 IbS/or 172 Bar. dydreco mobile control valves c.
2005)

Figure 6.17: Image of a spool valve similar to thene being specified here

Source: http://www.hydreco.com/New/downloads/V378VBIVT150.pdf
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The weight of the valve is given as approximatéiigd. The documentation supplied by
Hydreco gives technical drawings indicating thepghaf the valve and all of the
dimensions required to produce a valve mount. iffi@mation is sufficient to design a
bed to mount the valve to and a lever system toentlo® control rod as well as giving a
visual indication of the position of the oil inlebd outlet passages. From this, the system

can be designed.
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Chapter 7 - Control system design

7.1 Design outline

Figure 7.1: Conceptual image of the valve control echanism design

The control system will use a system of linkages jgirrots to control the position of a
sliding bed that the spool valve will be boltedRFgyure 7.1 shows a conceptual schematic
of the proposal, where the frame is representedEhylhe upper linkage arm of the rear
parallelogram is fitted with a bar that juts outight angles from the body. The rearward
end of linkage (C) connects to the pivot thattiedl to the end of this bar. The forward end
of linkage (C) pivots on the end of crank (D). Aetcentre of this crank there is another
pivot and the crank rotates about this pivot. Tdvedr end of the crank is connected to the
spool valve via another link (F). The spool valem slide forward and backwards via a
sliding deck. The nature of this motion is that plosition of the spool valve is directly

related to the vertical height of the rear wheel.

The front parallelogram mechanism has a similaotgilvat juts out from the top of the
upper linkage. The forward end of link (G) is fdteo this pivot, and the other end is fitted
to the pivot at the top of the spool valve levér This lever is connected to the control rod
of the spool valve, so any ‘rocking’ motion of tiéver will slide the control rod of the
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spool valve relative to the body of the valve, ating the valve and directing oil flow to

the lift assist mechanism.

If the device has been set up properly, the gedatratrangement of the linkages will
ensure that the spool valve lever will remain waitand hence no flow of oil will occur if
the wheels are at the same height. If the threet iokage system is activated to lift the
front of the implement, there will be a height piesi discrepancy between the front and

rear mechanism, i.e. the front wheel will be lo\jweith respect to the frame) than the rear.

This motion will tilt the valve lever toward theofnt, initiating a flow of oil to the lift assist
system. As the overall height of the frame withpesg to the ground increases, the vertical
motion of the rear wheel will slide the spool vahady toward the front of the implement.
This will have the effect of tilting the valve levieackwards. When the three point linkage
system ceases to raise the front of the implentleat,ear of the implement will rise until
the control rod reaches a position where no mdrioavs to the lift assist system. This
situation will occur when the implement is neadyél with respect to the ground. The
implement cannot be held perfectly level as thatebs a small movement of the valves
control rod before any oil flow occurs.

Figure 7.2: Close up view of the valve and valveide assembly
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A small section of implement frame was modelle@riavide a visualisation of how the
different parts would connect to the frame. Thdtecal drawings supplied by Hydreco
provided sufficient information to model a basipnesentation of the spool valve to
provide clarification of the design and fit. Figuf shows a view of this spool valve (F)
sitting on the sliding deck (B). This deck has kdleat match the hole pattern of the spool

valve to provide a method of bolting it onto thekle

The sliding deck can move relative to the slidanfe rods (C) by a sliding action between
the sliding tubes and the rods. The back of tiiergjideck is connected to linkage arm (A)
which is connected to the rest of the system (hotv®). Bolted to the upper surface of the
valve body is a frame (D) that provides a mounpomt for the valve lever (E). Movement
of this lever moves the valve control rod (G) bygting about this frame. The lever is
operated by linkage arm (H) which connects to tpearm of the front parallelogram

assembly (I).

Figure 7.3 shows a similar image of the rear pathefmechanism. The top link of the rear
parallelogram (A) moves connecting link (B) as Wieeel moves vertically. This link is
connected to the crank (C) which pivots on rod (e other end of this crank is

connected to link (E) which is connected to thdislj deck.

Figure 7.3: Image of the rear linkage mechanism dem
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7.2 Design criteria

The linkage system is designed with the same gidasaring design as was featured in the
height control parallelogram system. The two baltomponents (the slider frame and the
crank pivot) are provided with the same systemooihection through the 12 holes in the
backing plate and U-bolts as the height controleldhelhese holes are spaced to provide

the correct height for the two devices as londhassame holes are used on all of the four

attachments.
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Figure 7.4: Image depicting all of the relevant likage pivots

For the height control system to provide an acdsetievel of accuracy, the geometry of
the linkages must be made to a particular setlesririgure 7.4 shows a shortened version
of the test frame model with all of the relevantqss illustrated alphabetically. The
distances between the links are constrained téotloeving rules. Note that GH, for
example, is the distance between links G and H&hdvertical) for example is the

vertical height separation between links F and G.

AB=CD=DE=1IH

CE = GF (vertical) = (0.5 AB)

GH=EF

BC (vertical) = EF (vertical) = GH (vertical) =0
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7.3 Design review

Several design features shown have not been erglais yet. It will be noted that there is
a crank located almost half way between the twoelvagssemblies. The rear linkage is
connected to the top pivot of this crank. Theranether link connected to the bottom of
this crank, which then connects to the pivot onvidlge slider. This crank is essential as it
reverses the motion of the rear link so that winenrear link is moving backwards when
the frame is rising for example, the middle linkascing the valve slider forward. This is

essential for the correct operation of the valve.

Another design feature is the location of the sp@bve. This has been placed as far
forward in the frame as practical. This allows lydraulic lines from the tractor to be
shorter than they would be if the valve was nearttiack of the implement. The hydraulic
circuit design is an important aspect of the dedignvever it is a simple system that does
not require a great deal of explanation. The presand exhaust ports on the spool valve
need to be connected to the remotes on the trdwtmrgh flexible hydraulic hose and

quick hitch couplings.

The other two ports on the valve are to be condédct¢he lift assist hydraulic system
through the same type of hydraulic hose. The copelarity of the lines should be
observed, so oil flows in the correct directiorathieve the desired height correction. The
type of hoses used will be decided by the comphat/groduces the implement, and will
depend on factors such as pressure, flow rate @std c

The device has been designed to be as compacssibleo however it may still not fit all
implements. To remedy this problem, the design shibes made highly flexible with many
different configurations available from the manufaer and the ability to custom fit
certain parts to fit different machines. As mengidnn chapter 6, one modification that
could greatly increase the adaptability of the gle$s the use of telescopic linkages that

can be locked to any length.
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The four separate devices are fitted to the impigrirame with the use of eight
U-bolts bent from @16mm steel rod and threadedeh @nd with a M16 x 2mm thread.
These bolts are designed to be fitted to 200mmrsdgREIS, however they could be used to

secure the device to other frames with the usbeippropriate cast iron adaptor blocks.

It is desired that the ground following wheels ré@ma contact with the soil surface at all
times. The range of heights that the parallelogmaumst be able to move the wheel through
to allow this to happen is dependant on the hemige that the implement frame
experiences between working height and lifting heigf the current design is used, there
is approximately 700mm of vertical wheel travelitatale. If the device is to be fitted to a
implement that has a larger vertical travel rafgetthis, longer parallelogram linkage

arms should be designed and used.
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7.4 Construction

The pins that are used to secure the linkages @t B,and H (Figure 7.4) are the same as
the ones used to secure the parallelogram assefiidge are secured with the same size
bolt and nut. The crank pivot is secured with dacand a bolt. Links F and G and the two
other pivots that the valve lever pivot on are sediby the appropriate size bolt and nut, as

the light loads these parts experience do not ragka necessary.

Figure 7.5: Image showing the final mechanism assdaty

The technical drawings for all of the parts andaksembly drawings are shown in the
appendix. These drawings provide sufficient infatiorafor a tradesman to weld the
different metal pieces together to make that paldicpart. The dimensions that are needed

to make each piece are not shown; these partawtimatically be created with the cutting
71



device from drawing files loaded into the compufére raw materials needed to make the
pieces that make up each part are tabulated idrtiveing files. A list of fasteners required

for the assembly are detailed in table 7.1.

Fastener Use/s Number required
M16 x 50mm bolt Securing castor frame 2
M8 x 50mm bolt Securing pivot pins/ securing 14

lower valve lever pivot

M8 Nyloc nut Securing pivot pins and shock absadrber 20

spring mounts/ lower valve lever pivot

M8 x 40mm bolt | Securing shock absorber/ spring n®un 6
4mm split pin Securing top of spring mount 2
M16mm Nyloc nut Securing U-bolts 16
M10 x 40mm bolt Securing slider bars 4
M12 x 50mm bolt| Securing upper two pivots on vdeseer 2
M12 x 80mm bolt Securing pivot (fgure 7.4) 1
M12 Nyloc nut Securing upper valve pivots/ pivot F 3
M14 x 130mm bolf Securing valve body 4
M14 Nyloc nut Securing valve body 4

Table 7.1: Table of required fasteners

Other important information that is needed to adderthe device is details of the collars
needed. Table 7.2 detail the type and number ¢drsoheeded. Figure 7.6 indicates the
critical dimensions. R = bolt hole radius, ID =amal diameter, OD = outside diameter

and L= length. The bolt hole is placed in the cewfrthe length.
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Figure 7.6: Image showing the critical collar dimesions for table 7.2

Collar type

oD ID L R Number required
30mm 20mm 22mm 4.25mm 6

40mm 30mm 28mm 4.25 1

Table 7.2: Table detailing the required collars

The level of design detail that was discussedigriport could have been far greater, for
example the thread depths and bolt grades werdismissed, as were the washer sizes that
were needed. This level of detail would have unssaely increased the length of the

report to describe things that the tradesmen amaefs that assemble the device would
already know from experience, and these detailsatreritical anyway. The aim of this
report was to develop and design a system to dah&deight of a planting implement,

and this has been done and thoroughly reportedtabae to this, no more design detail

will be discussed here.
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CHAPTER 8 — DESIGN VERIFICATION

8.1 Analysis of the main control linkage

8.1.1 Vibration analysis

a0

100

l\d— + _/.' i' i'

- S0 -

-

Figure 8.1: Images of the real and simplified mairinkage cross section

Shown on the left side of figure 8.1 is a dimensobrross section of the longer control
arm that connects the rear height sensing pargfiaho to the pivot near the front of the
implement. As this beam is pivoted at both extregsiand will be the longest unsupported

control arm used, it is necessary to determinangtteral frequency of the beam.

As the implement has no real suspension, even whiemected to the tractor through the
three point linkage, the implement frame undergoasy modes of vibration due to the
rough surface of the field. Therefore it is impaotteo know whether in rough conditions
any damaging modes of vibration will be experienicetthe beam. A small amount of
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vibration will cause the spool valve to trip unnesarily due to the changing geometry of
the beam, resulting in poor height control. Largeants of vibration will result in this
coupled with the added risk that the beam will flartbugh fatigue.

The implement frame will only experience seriousration on the vertical axis due to
rough ground. This assumption is based on persiosarvations while operating a large
planting machine. Thus the calculations will oné/done in relation to the vertical axis. In
this case, the height of the beam is 0.1m and td#hws 0.05m. The image show above on
the left shows the actual cross section of the béamidealised cross section of the beam
without any curving geometry is shown on the rigtite second moment of inertia (1) will
be calculated manually from this cross sectiont @squite easy to do this manually and it
will be a good approximation to the actual valu¢haf cross section. Note that the wall
thickness of the beam = 0.005m.

lyy = lyy (outer rectangle) — lyy (inner rectangle)

lyy = bh¥/12  (From Juvinall and Marsheck, page 834)
lyy = (0.05x0.%)/12 - (0.04x0.09/12

lyy = 1.736x10 m*

Now the spring constant of the beam can be founthdBandran and Magrad (2004),

p. 31 shows a table of spring constants for comntastie elements. Item 5 shows a case
of a beam supported at both ends with hinged pittsavmass located at a point along the
beam. The restraint scenario is correct in thig caswever the load on the beam is not a
point load applied at a particular point, it iseuenly distributed load caused by the weight
of the beam. Therefore this distributed load needse converted into a point load in the

middle of the beam.

The easiest and most accurate way to do thisasgome that one third of the weight of the

beam is resting on a point in the middle of thenbéaat has no mass. This is accurate

because the weight of the outer two thirds of th&nb is close to the supporting pins and

will have little effect on the centre of the bearese weight is the most important in this
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case. This loading scenario will give a result aateienough for the purpose of this report,

which is to evaluate the viability of this system.

To test this scenario, the mass of the beam neuBiund. This mass is dependant on the
length of the beam, and this length is dependamhetength of the frame that the system
is being mounted on. For simplicity, the lengthtd beam in the model will be tested, and

if necessary, thicker beams cross section willde®mmended for larger machines.

Using the mass properties tool in Solidworks, isi@ind that the volume of a beam of
this cross section and length of 1900mm was 0.08@88ubic meters. The density of
typical carbon steel as given in Juvinall and Macéh(1999), p. 840 as approximately
7700 kg/mi and the Modulus of Elasticity is stated as 207GRia is needed in later
calculations). Thus the weight of the beam is dated at 21.83 kg and the point force

placed in the middle of this beam is calculated.atkg.

Force

The loading scenario is shown in the above diagiidra.spring constant equation relating

to this scenario is given in Balachandran and M&@2804), p. 31, and is defined as

k = (3XExIxL)/(0.5L}

Where E = Modulus of elasticity (207<Ia)
| = Second moment of inertia (1.736<161")
L = length of beam (1.9m)

k = (3x207x16x1.736x10 x1.9)/(0.5%1.9)
k =2514782.9
Natural frequency is give on Balachandran and M&a{2a04), p. 74 as
on= (k/ mf?
=+ (2514782.9/ 7.3)

on= 586.9 radians/second
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To convert to cycles/second, dividgby 2rtto get 95 Hz.

This frequency is high enough to be relatively teatkd by vibration, as it is assumed that
the larger vibration modes of an implement woulduv@at 60Hz, or one every second. If
this device is ever fitted to a machine that rezsgia beam that is longer than this, a thicker
cross section such as a 127mmx76.2mm hollow beamdbe used to reduce the risk of

destructive vibration.

8.1.2 Strength analysis

Another important characteristic of this beam &s albility to support the weight of a man.
When an implement is being serviced, it is comnmrafmechanic to stand on the frame
of the implement. It is therefore reasonable taamsthat this beam will be stepped on,
and it is important that it will be able to hantthe weight. The second moment of inertia
has already been calculated. The loading scenattus case is simplified by halving the
length of the beam and modelling a cantilever. Nlo& the load in this case also needs to

be halved (see figure 8.2 for diagram).

Forcel2

T

Length/2

Figure 8.2: Beam loading scenario

The upper weight of a mechanic will be estimateti2fikg, as it is the upper weight that
needs to be tested here, not the average. Inakes the weight is halved to 60kg and this
is converted to newtons to get a force of 588.6ie [Ength of the cantilever beam is
halved to 950mm, or 0.95m. The universal expres&iothe stress in a cantilever beam is
stated as

o = (Mxy)/l (Durack 2000, p. 17.3)

Wherec = stress (MPa)
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M = moment (N/m)
| = second moment of inertia fjn
y = distance from centreline to where the stredseing calculated (m)
M = Lengthxforce
= 0.95 x 588.6
=559.17 N/m
The value of y in this case is half the heighthef beam as it is the maximum stress that
needs to be found. In this case, this value isf).0%as already been calculated at
1.736x10 m".

o = (Mxy)/l
o = (559.17x0.05)/ 1.736x10
6 = 16.1MPa

This stress is well within the yield stress of sheel. Again, if a longer beam is required,

this should be rechecked to ensure stress lewvelsatrtoo high.

8.2 Stress analysis of castor frame

There are a wide variety of potential static andadyic stresses that could occur in this
system in any one type of environment. When thatofais added to the almost infinite
types of operating environments that this system emeounter, it would be foolish to
think that the system could be designed to openadier any condition or designed to
handle all possible load conditions. Due to thisnidable design envelope, each part was
designed to be as strong as possible without contaexcessive amounts of steel that
would increase the build price without adding te siale point value of the device. As the
device has been designed to handle extreme |delsyagnitude of which can only be

estimated, a detailed stress analysis of eachgaot warranted.

One part which could occasionally be under largesses is the frame that castors about a
shaft and supports the wheel. If the travel speasl gh and the wheel encountered a

large object such as a rock or stump, it is corad®@e/that the axle could break under the
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stress caused by being thrust upwards againsetitance of the damper. It is estimated

that an extreme event like this could develop &icarforce of 200kg on the wheel.

It was decided to model this scenario using COSM@#ch is a simplified Finite Element
Analysis tool built into Solidworks. This tool ixteemely easy to use as once the model

has been restrained and had force applied by #re the program automatically meshes

the model in an appropriate manner and solveérd are not many restraint types and

loading scenarios available in this software, heté are enough to provide a rough

estimation of the loads.

In a real operating scenario, the force would h#iag to the axle as a pressure through the
inner bearing races. This would have been diffiouiimpossible to mimic in the model, so

it was decided to apply the whole force at the gt of the axle for simplicity. Even
though this represents an extreme loading scenasiil] provided verification for the final
design, as if the stresses that occur during thiatgon are too high, it is unlikely that a
slight change in the load position would bring sieesses down to an acceptable level. The
restraint was applied to the surface of the castte. Figure 8.3 shows how this restraint
was applied (left image) and how the force wasiagdgright image). Note that the

direction of the force is directed vertically (them is angled back to provide a castor
effect).
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Figure 8.3: A diagram depicting the restraints andoads used in the stress analysis

The force applied to the axle was given a magnitfde962 N as per the scenario. The
material selected was AISI 1020 steel, and alhefdonstants relating to this material were
stored within the program. The program settingscated that the elements were sized at
approximately 11mm. Solving took approximately #8ands which was short due to the

coarse mesh. The validity of this mesh size wil/bgfied using manual calculations later.

van Mises (Min"2)
1 211e+008
1.1108+008
_1.008e+008
. 9082e+007
807 3e+007
7 OEde+007
| B055e+007
” S .0452+007
4 036e+007
3 027e+007
201 28e+007F
4 D09e+007
2 288e+000

—®ield strength: 3.51Fe+003

Figure 8.4: An image of the stress distribution aftr finite element analysis
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von Mizes (MAR2]
121124008
1.410e+005
_1.008e+005
SR052e+007
_ B 073e+007
. 7 OB4e+007
I ii..'»' B OSSe+007
| 5.045e+007
; 4 03Ee+007
_3.027e+007
 20@Ee+007
1.009e+007
2.288e+000
—®vield strength: 3.515e+003

Figure 8.5: Another image showing the stress distion in the model

After solving, the solid model was depicted in éodeed shape where the extent of the
deformation was exaggerated to provide a bettesalisation of the results. Colours
ranging from blue to red indicated low and higlesses respectively. Two images of the
same part are shown in images 8.4 and 8.5. Thesgesrshow that although the wheel
axle does show significant distortion and strdssse stresses still give a factor of safety of
approximately 4, which means that the axle woulale to handle even this extreme load

scenario.

The rest of the frame shows an expected stresghdisdbn with most stresses rising no
higher than 70MPa. The highest stresk20MPa) occurs where the bottom corner of the
vertical triangular bracing web intersects with #mgled spar. Even this stress
concentration has a factor of safety of abovelfich again given the extreme loading

scenario does not indicate any problems.
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an Mises (Min"2)
T‘ET?E*‘UDB

l 1 A410e+005
1.0092+008

Area of interest e+t
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. B073e+007
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B N55e+007
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1.009e+007
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—®vield strength: 3.516e+003

Figure 8.6: Close up image showing axle stress

To verify the accuracy of the estimated stressitdigion, manual calculations will be done
to provide a means of compariséilgure 8.6shows an image of the stress distribution in
the axle. The indicated yellow area on the toghefaxle indicates a compression stress of

approximately 8.9x10Pa. The manual calculations will be done to vettifg result.

Ayle load diagram

Applied Foree Fegion of interest

115mm

Fadns of critical section = 15mim

As stated befores = (Mxy)/I
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Where | =txd*/64 for a cylindrical cross sectionJuvinall and Marsheck, 1999, p. 834
| = x0.03/64
= 3.9x10°
M = force x distance
=1962 x 0.115 (where the force = 200kg)

=225.63 N/m
y =0.015m
6 = (Mxy)/l
o = (225.63x0.015)/3.9x10
6 =8.7x10Pa

The stress in the same point of the model was atginat around 8.9xiPa, and given
that the manual calculation neglected shear stifeisss a credible validation of the

accuracy of the model.
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CHAPTER 9 — SUMMARY AND CONCLUSIONS

9.1 Summary

After investigating the need for a height contiggtem, two main avenues of approach
were investigated; the mechanical / electricaldrhylic system and the mechanical /
hydraulic system. Both proposed systems were degigmuse height sensing wheel
frames as a method of sensing the height of théemmgnt frame after deciding that
ultrasonic sensing technology would not be suit&mehis application in their current
format due to possible interference problems witilsle cover and soft soil. It was
discovered after testing of the PICAXE microcoreothat it was possible to use this chip
to process height data, however the lack of a falbportional, variable voltage output

capability reduced the potential for this devicattuate a solenoid activated spool valve.

This left the mechanical / hydraulic system asadohd option. The ground following wheel
mechanisms were designed first. After the actiothe$e mechanisms were analysed, a
way of using them to actuate a spool valve wassgelviand a design concept was
formulated. This concept was then turned into saiatlels of the parts that would make up
the mechanism. An assembly was made from thestmoldels and the operation of the
device was examined by moving the virtual compondhtvas decided that the operation
of the device was refined to the point where tralpction of a prototype for testing could
nearly go ahead. The technical drawings of alhefrhajor parts were produces for

reference to the tradesman.

Critical parts of the designed were analysed withidengineering stress and vibration
analysis where applicable. The results of thisyammalerified these parts of the design.
One aspect of the design that was not exploredheasthe device would fit on various
implements. This was partly because there are sy wlifferent designs of implements

available, and it is difficult to see how a ‘oneesfits all’ device could be built. The device

84



was simply made as compact and as unobtrusivesssbe and remedies were suggested

to fix possible clash problems.

9.2 Further Work

There is much more work that could be done to aclvdéime design of the mechanism. The
mechanical / hydraulic design has room for furtteéinement that has not been
investigated here. The system could be simplifiedl @made more accurate if the front
parallelogram mechanism was turned around and meeitigil. This would remove the
need to reverse the motion of the rear linkageguaiorank mechanism, meaning there
would only be a need for two linkages and no crankalve lever. This would make the
device more compact and simple as it would makers¢parts redundant. To enable the
front wheel mechanism to trail without impinging other items such as tines, the
implement would most likely have to be modifiedwihe addition of another section of

frame jutting from the front of the implement tad as an attachment point.

It is most important that before any prototypeudtba system is designed where if one
wheel becomes too high or low with respect to tieiowheel for any reason, a device
releases and allows the linkages to move as faregsneed to without destroying the spool
valve as it reaches the end of its stroke. Thiblpra must be solved before a prototype is

constructed.

The electrical system that was theorised in thiggat showed promise, however the
limitations that exist at the present moment prétinom being recommended as a
solution for this application. There is one foregd@e method for obtaining a proportional
output from the PICAXE chip. The PICAXE — 28A (setevant figure in appendix) has
seven output pins. It may be possible to creatvarsstep proportional output from these
pins if they are ‘ramped up’, or activated in a vilagt the greater the height difference, the
more pins are set to ‘high’. This would mean thataxiliary circuit would need to be

created that could convert this output from th@chto a seven step variable voltage. This
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voltage could then be used to activate a relaywioatd control a flow of current to a

solenoid operated valve.

If this system was coupled with field - proven afonic sensors and the whole system was
made durable enough to handle the harshest fielditons, it will arguably represent the
cheapest, best, most compact and most accuratesdio the problem of height control.
The final aspect of this design that needs to diedtis the potential for it to be applied to
conventional trailing implements that have pasflivating hitches. Passive floating hitches
simply allow the implement to follow the ground tours more effectively by allowing the
implement frame to rock back and forth. This tedbgy could conceivably be adapted to
provide an active floating hitch which uses hydi@atdms to alter the attitude of the frame

as it moves over uneven ground.
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9.3 Conclusions

From the completion of the aim of this project, @thivas the design of a height control
system to suit a three point linkage implement;dtweclusions are as follows:

» From the literature review (1), it can be seen thate have been several attempts at the
solution of height control for agricultural machind he varying degrees of success that
have been achieved by these devices and the &dh#se systems are not widely in

use has indicated that no system has been conypsetetessful.

* PICAXE microcontrollers are the most compact areddheapest solution to this
problem, however better ultrasonic transducershotteer cheap method of height
sensing as well as better programming methods ghmufound before the full

capability of these devices can be exploited.

» Itis possible to control a solenoid valve usingghecontrol wheels and a fully
mechanical system as has been shown, howevelygtensis bulky and due to the
amount of steel involved in its construction, isstiikely more expensive than the

electronic option.

» The height control system could be adapted to hidadly control the floating hitches

on trailing implements

» The actual operational characteristics of any @bistystem cannot be evaluated

without the construction of a prototype

» The height sensing wheels and frames can be usedewér a ground following, height

sensing wheel is needed in any agricultural sibmati
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Il APPENDICIES

APPENDIX A: PROJECT SPECIFICATION

University of Southern Queensland
FACULTY OF ENGINEERING AND SURVEYING

ENG 4111/4112 Research Project
PROJECT SPECIFICATION

FOR: DANIEL JOHN CLARKE

TOPIC: DESIGN OF AN AUTOMATIC HEIGHT CONTROL SYSTEMOR
A THREE-POINT LINKAGE PLANTER

SUPERVISER: Prof. David Ross

PROJECT AIM:  This project aims to develop an effecimethod to control the height
of a three point linkage planter frame fitted withding wings and a

lift-assist mechanism at the rear.

PROGRAMME: Issue A, 24 March 2006

1. Research the need for effective depth cootidhe type of planter described above
and investigate other attempts at depth contraksys.

2. Research and describe potential systems théd be used for depth control
purposes, and use critical evaluation to selechtbst appropriate system.

3. Design a control system that will sense thegltedf the planter frame as close to
the tractor as possible, and use this informatiocontrol the height of both the lift
assist mechanism and the wheels on the wings. Bekdi the form of height
information may be provided to the driver througioam of a simple user interface.

4. Design the mechanical systems that will supaodt operate the sensing equipment.
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5. Analyse the theoretical performance of the mstystem in terms of in field
performance, for example the response time anésystability.

6. Research other potential applications of thigl system, such as the adaptation
to suit conventional trailing planting machines.

As time permits

7.Construct the basic control system and a tesorayaluate the actual performance of
the control system.

AGREED:

(Student) (Supervisor)

[/
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PICAXE PROGRAMS

Program_1
main:
let b12= 150
label 30: readadc 0,b0

readadc 1,bl

pause 330

readadc 0,b2
readadc 1,b3
pause 330

readadc 0,b4
readadc 1,b5
pause 330

readadc 0,b6
readadc 1,b7
pause 330

readadc 0,b8
readadc 1,b9
pause 330

readadc 0,b10
readadc 1,b11

‘Set initial servo position toddie of stroke
‘load byte variable bilie digital position
‘of resistor 1
‘load byte variable b1 with thgitel position

‘of resistor 2

‘pause for 330 milliseconds

‘Repeat process with b2 and b3

‘Repeat process with b4 and b5

‘Repeat process with b6 and b7

‘Repeat process with b8 and b8

‘Repeat process with b10 andbidvithout a

‘pause

b10 =Db0 + b2 + b4 + b6 + b8 + b10/ 6

‘Average the height values for resistor 1

b11=bl+b3+b5+b7+b9+bll/6
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‘Average the height values for resistor 2
if b10>b11 then label A6
‘Ensure a positive difference is found

let b3=b11-b10 ‘Find difference between averagjgltt values

label_B5: let bO=b10+ 3
let b1=b11+ 3
let b2=b11- 3 ‘specify tolerance values
if b11>b0 then label EB
‘If out of tolerance range than repositionveer
if b10>b1 then label_F2

‘If out of tolerance range than repositionveer

goto label 30 ‘If in tolerance range then dadhiva and repeat
‘process
label_A®6: let b3=b10-b11 ‘Find difference betweerrage height values
goto label B5 ‘Return to start of label B5
label EB: b3=Db3/C ‘Reduce position differenedue b3 by a factor
‘of C

b12 = b12 + b3 max 225
‘Increase servo position variable b12 by variable

‘b3 with a maximum value of 225

servo 3, b12 ‘Reposition servo to the corr@difon
goto label 30 ‘Restart process
label _F2: b3=b3/C ‘Reduce position differenatie b3 by a factor
‘of C

b12 = b12 - b3 min 75
‘Decrease servo position variable b12 by
‘variable b3 with a minimum value of 75
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servo 3, b12 ‘Reposition servo to the corr@difon

goto label_30 ‘Restart process
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Program_2

main:
let b12= 150 ‘Set initial servo position to mieaf stroke
label_30: readadc 0,b10 ‘load byte variable bit@ the digital position
‘of resistor 1
readadc 1,b11 ‘load byte variable b11 withdlggtal position

‘of resistor 2
if b10>b11 then label A6

‘Ensure a positive difference is found
let b3=b11-b10 ‘Find difference between heightiea

label B5: let bO=b10+ 3
let bl=b11+ 3
let b2=b11- 3 ‘specify tolerance values
if b11>b0 then label EB

‘If out of tolerance range than repositionveer
if b10>b1 then label _F2

‘If out of tolerance range than repositionveer

pause 20 ‘pause for 20 milliseconds
goto label 30 ‘If in tolerance range then do naoghamd repeat
‘process
label_A6: let b3=b10-b11 ‘Find difference betweeanght values
goto label_B5 ‘Return to start of label B5
label_EB: b3=b3/C ‘Reduce position differenadue b3 by a factor
‘of C

b12 = b12 + b3 max 225
‘Increase servo position variable b12 by variable

‘b3 with a maximum value of 225
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servo 3, b12 ‘Reposition servo to the corr@difon

b3=b3*D ‘increase height difference variab&by a
‘factor of D
b3=b3+E ‘Add constant E to ensure the vdgiglawuse is
‘at least E milliseconds
pause b3 ‘pause for b3 milliseconds
goto label_30 ‘loop program
label _F2: b3=b3/C ‘Reduce position differenalue b3 by a factor
‘of C
b12 = b12 - b3 min 75
‘Decrease servo position variable b12 by
‘Variable b3 with a minimum value of 75
servo 3, b12 ‘Reposition servo to the correditmm
b3=b3*D ‘increase height difference variab&by a
‘factor of D
b3=b3+E ‘Add constant E to ensure the vdeiglause is
‘at least E milliseconds
pause b3 ‘pause for b3 milliseconds
goto label_30 ‘Loop program

97



Schematics of the eight chip types

PICAXE-08/08M Pinout and Circuit

The pinout diagrams for the 8 pin devices are as follows:

1 Cutpart 0/ Serial Cut

M imd /Out 1 7ADS 1

PICAXE-08
wis O apov
Saqial In [ 2 T
Ind/Outd Ca &
Inpast 3 0 4 &

Mim2 f Cut 2

PIC AXE-0BM
wiOr O spov
Senal In 7 [ Outpat 0 / Serial Out § Infraout
In 4 /0utd fADC 4 Ca & [1in1/Ouwt1/ADC1
Ingaut 3 / Indrain T4 5 [ Im2 7 Out 2/ ADC 2§ pwam 2

08/08M Pin Diagram

Source: http://www.rev-ed.co.uk/docs/picaxe_mangpalfl

PICAXE-18/18A/18X Pinout

The pinout diagrams for the 18 pin devices are as follows:

PICAXE-18
ADC 2/ Input 2 1 L 18] Imput 17 ADC 1
Serial Out O 2 170 Input O F ADC O
Sarial In [ 3 16 Input 7
Resat [ 4 157 Input &
oy Os 4]+
Outputo & 131 Outpat 7
Output1 07 121 Outpart &
Output2 O] 8 1 Outpart 5
Output 3 ]9 107 Cutpet 4

18/18A/18X Pin Diagram

PICAXE-18A
ADC 2/ Input 2 O Input 17ADC 1
Sarial Out [ Imput O JADGC O Infrain
Sarial In Input 7§ keyboard data
Resst O Input & / keyboard clock
ov O +W

Cutput 0 O Cutput 7

Chutput 1 O Output &

Crtput 2 O Output &

Chutput 3 O Oiutpet 4

PICAXE-18X
ADC 27 Input 2 [ 1 Input 1 7ADC 1
Sarial Out [ 2 Input O JADC O F Infrain
Sarial In [ 3 Imput 7/ keyboard data
Resat ]2 Input & J keyboard clock
v Os +V

Cutput 0 O & Output 7

Output 1/i2csda O 7 Output &

Cutput 2 O 8 Output 5

Output 3/ pwm 3 ]9 Output 4 7i2c scl

Source: http://www.rev-ed.co.uk/docs/picaxe_mangpalfl
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PICAXE-28A/28X Pinout

The pinout diagrams for the 28 pin devices are as follows:

PICAXE-28A PICAXE-28X
Reset O U @3 Cusput? Reset 1 U 220 Ouwpue 7
ADC o2 T Oupuit ADC O lmad 2 27 Owper &
ADC 1 O3 M Ougpuis ADC1{mal 2 281 Cuput 5
ADC 24 = Oumpuid ADC2ima2 4 251 Owipudt 4
ADC 318 M Ougput 3 ADC3/lma3O)s 241 Ouiput 3
Sewial In 8 2 Oumpui2 Sarial n O & 231 Owipudt 2
Sanal Dwt 7 2 M Cugput i Serial Qui O 7 221 Curpust 1
o Oa 2 [ Ougpatd ovida 20 [ Ot O
Resonarar O]9 o AT Resonawr O 9 W
Reganaar 1 w1 o Resanar O w oy
It O ! Irdraim O 70 % e 7/ Keyhaard data Ind § Dut el Infain O] 1 18 In? { Outa? keybaand data
put 1 O 12 7 g &/ Keyhaand dack O el pan 10 2 170 e Ot o keghaand dock
put 2 O 12 % e & I 2/ Oud &2 pen 2 O] 1€ n5/0ulch
put 3 O] 04 =] g 4 3 Oen o3/ i2osd O & 151 nd fOwted /2o sda

28A/28X Pin Diagram
Source: http://www.rev-ed.co.uk/docs/picaxe_mangpalfl

PICAXE-40X Pinout

The pinout diagram for the 40 pin device is as follows:

Resanator ] 12

IncOf Outed 15
Inet f Out 1/ pwm 1 ] 16
Inc2/Oute2 f pwm 2 C]17
Ine3/0ut &3/i2e sl []18

Input @ / Infrain C] 1

Input 4

In 7§ Out T

In &6/ Cut o6

In &5/ 0ut &5

In 4§ Out o4 [i2c sda
Input 3

PICAXE-40X
Resetl]1 U« Output7
ADCO/Inadz2 3 [ Oulpul &
ADC1/Ina1ds 3 [ Output 5
ADC 2/Inaz[s 37 [ Oulput 4
ADC3/inaads 3 [ Output 3
Sarial In ] & 35 [ Oulput 2
Sarial Out 7 3 [ Output 1
Apc 50a 33 [ Output 0
ADCE 9 a2 +
ADC 7 O1a 30 o
+y 1 Y Input 7 / keyboard data
ov Oz =l Input & / keyboard clock

Rasonator [ 13 28

)

26

25

24

Z3

i)

21

Input 1 ] 20

|
|
|
|
|
|
|
[ Inputs
|
|
|
|
|
|
|

Input 2

40X Pin Diagram

Source: http://www.rev-ed.co.uk/docs/picaxe_mangpalfl
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@ 14 ¥ 51 ITEM DESCRIPTION SIZE GRADE
M16x2.0 - 6H U 45 1 D44MM STEEL SHAFT 280MM 1020
: 2 12MM BENT UPPER LINK 88MM X 255MM 350
211 3 12MM LOWER LINK 90MM X 175MM 350
Q44 # 4 12MM WEB 100 X 100 X T41MM TRIANGLE 350
5 RECTANGULAR RHS LEG S5TMM X 63MM RHS 1020 A
| 65 6 12MM AXLE SUPPORT 80MM X 230MM 350
R44 f 7 @40MM TURNED AXLE 260MM 1020
q APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS
DRILL @10MM HOLE
TOP VIEW
B
12
280 1 N
12
c
T
11 ]
-
FRONT VIEW SIDE VIEW ISOMETRIC VIEW
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TOLERANCES: EDGES
LINEAR:
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DANIEL CLARKE 10/10/06
QA MATERIAL: DWG NO. A4

STEEL

WEIGHT:

SCALE:1:10 SHEET 1 OF 1




1 | 2 3 4 | 5 6

TEM DESCRIPTION SIZE GRADE
1 63 X 50MM RHS BEAM 500MM 1020
2 6MM STRESS PLATE 45X85MM 350

DRILL 2 x @8MM 3 B30MM OD X @20MM ID BEARING TUBE 63MM 020

RETAINING HOLES 4 B30MM OD X @20MM ID COLLAR 17MM 020
5 F30MM OD X @20MM ID COLLAR 50 020
6 B20MM SHAFT 245 020

WELD TOP AND BOTTOM IN THIS GROOVE
BEFORE BORING HOLE TO ENSURE CORRECT
ALIGNMENT. AFTER DRILLING, INSERT LONG ROD
INTO THE HOLE AND THEN SLIDE COLLARS ONTO

THE COLLARS TOUCH THE STEEL PLATE.

ADD 2MM BEVELLED EDGE TO OUTSIDE OF BEARING TUBE BEFORE INSERTION.
APPLY WELD INTO RESULTING VEE AND GRIND WELD FLUSH.

BORE 30MM HOLE AND COUNTERSINK TO
ISOMETRIC VIEW 2MM DEPTH AT 45 DEGREES.

THE ROD. APPLY A 6MM WELD BEAD TO WHERE 1

S5 | ‘ | | 5 9y
] @30 50
|l 50 | 7 [ @\ ®30 1

e 6 ©®20 @20
B 500 _
FRONT VIEW SIDE VIEW
UNLESS OTHERWISE SPECIFIED: DEBUR AND
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LINEAR:
ANGULAR: TITLE:
DRAWN NAME SIGNATURE DATE LO W E R Ll N K
DANIEL CLARKE 10/10/06
QA MATERIAL: DWG NO.
STEEL 3 A
1 2 WEIGHT: SCALE:1:5 SHEET 1 OF 1




1 2 3 4 | 5 6

TEM DESCRIPTION SIZE GRADE
1 63 X 50MM RHS BEAM 500MM 020
2 | @30MM OD X @20MM ID BEARING TUBE 63MM 020
3 6MM LEVER PLATE 170 X 205MM 350
4 @20MM SHAFT 205.5MM 020
5 @30MM OD X @20MM ID COLLAR 19.5MM 020
6 @35MM OD X @20MM ID PIN COLLAR 20MM 020
i 7 @35MM OD X @20MM ID PIN COLLAR 25MM 020
I
0 L1 — INSERT LONG ROD INTO THE HOLES AND THEN SLIDE THE COLLAR
r i ONTO THE ROD. APPLY A 6MM WELD BEAD TO WHERE THE
COLLAR TOUCHES THE STEEL PLATE. WHEREVER POSSIBLE, APPLY
L. — 6MM WELD BEAD TO THE ROD TO SECURE IT TO THE STEEL PLATES.
25 —
— - ®30
? 35 '
20
APPLY WELD BEAD INTO THESE
TOP VIEW HOLLOWS TOP AND BOTTOM
- 209.50 _
30 : 103 : ‘ 19.50
R N
@20‘ — .
@ D) ' |
C_173.80 BORE 30MM HOLE AND
112.50 167.64 95 $4.20 @ COUNTERSINK TO 2MM
L ——|—|<—{ 8 DEPTH AT 45 DEGREES.
ADD 2MM BEVELLED EDGE TO
®30 /'@ @ >0 OUTSIDE OF BEARING TUBE BEFORE
- | 103 ! 6 INSERTION. APPLY WELD INTO
' 500 75 RESULTING VEE AND GRIND WELD
- - FLUSH.
SIDE VIEW FRONT VIEW ISOMETRIC VIEW
UNLESS OTHERWISE SPECIFIED: DEBUR AND
DIMENSIONS ARE IN MILLIMETERS BREAK SHARP DO NOT SCALE DRAWING REVISION
TOLERANCES: EDGES
LINEAR:
ANGULAR: TITLE:
DRAWN NAME SIGNATURE DATE
DANIEL CLARKE 10/10/06 U P P E R I—l N K
QA MATERIAL: DWG NO.
STEEL
1 2 WEIGHT: SCALE: 1:6 SHEET 1 OF 1




1 | 2 3 4 5 6
B 45 TEM DESCRIPTION SIZE GRADE
-2 1 T2MM WEB PLATE 113MM X 350MM 350
. . R44 2 T12MM WEB CONNECTOR PLATE 64MM X 350MM 350
3 6MM BRACING PLATE 105MM X 330MM 350
| 4 12MM BEARING TUBE HOLDER 88MM X 149MM 350
5 @60 OD X @45 ID BEARING TUBE 180MM 1020 A
- i 46 __|@35 OD X @20 ID PIN SUPPORT TUBE 20MM 020
J 7 __|@35 OD X @20 ID PIN SUPPORT TUBE 25MM 020
| 12
APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS
$8.20 E ]I ]
TOP VIEW 50
. 88 |
25 | o 86 - ® 20
L ] ] 1 B
350 T 330
| | 180 ¢35 c
I O
N
||: :|| r 1| @ —1 e '@}“
A2 105 _
FRONT VIEW SIDE VIEW ISOMETRIC VIEW
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LINEAR:
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DANIEL CLARKE 10/10/06
QA MATERIAL: DWG NO. A4

STEEL

WEIGHT:

SCALE:1:5

SHEET 1 OF 1




1 2 3 4 5 6
ITEM DESCRIPTION SIZE GRADE
WELD TOP AND BOTTOM IN THIS GROOVE BEFORE 1 50 X TOOMM RHS MAIN BEAM 1900MM 1020
BORING HOLES TO ENSURE CORRECT ALIGNMENT. 2 6MM END PLATE 60 X 179MM 350
3 @30MM OD @20 ID BEARING TUBE 62MM 1020
A
BORE 30MM HOLES AND ]
COUNTERSINK TO 2MM
DEPTH AT 45 DEGREES.
ADD 2MM BEVELLED EDGE TO OUTSIDE OF B
BEARING TUBE BEFORE INSERTION. APPLY WELD
INTO RESULTING VEE AND GRIND WELD FLUSH.
ISOMETRIC VIEW
62
{ Li‘ 1900 -
100
:}J 140 . .
6 o [ $30_ R30 0 | 1o
@30
END VIEW SIDE VIEW
UNLESS OTHERWISE SPECIFIED: DEBUR AND
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LINEAR:
ANGULAR: TITLE:
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DANIEL CLARKE 10/10/06
QA MATERIAL: DWG NO. A4

STEEL

WEIGHT:

SCALE:1:20
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1 2 3 4 5 6
MTEM DESCRIPTION SIZE GRADE
1 8mm Thick STeel PLate 71x265MM 350
2 @45 OD x @31 ID STEEL TUBE 135MM 020
3 @28 OD x @20 ID STEEL TUBE 20MM 020
4 @28 OD x @20 ID STEEL TUBE 20MM 1020
A
APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS
20TYP. ., 8 TYP.
B
225 u u
1 c
63 | ] ‘
20
134.50 '
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LINEAR:
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DRAWN NAME SIGNATURE DATE P |VOT C RAN K
DANIEL CLARKE 10/10/06
QA MATERIAL: DWG NO.
A4
STEEL
1 2 WEIGHT: SCALE:1:4 SHEET 1 OF 1




2 3 4 5 6
[TEM DESCRIPTION SIZE GRADE
1 @19.5MM TURNED SHAFT T40MM 1020
A
ISOMETRIC VIEW .
, 140 ,
‘ ®19.50
?8.20 C
FRONT VIEW END VIEW
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LINEAR:
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TOP VIEW
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40

328.60

12

A2
80

FRONT VIEW

TEM DESCRIPTION SIZE GRADE
] 12MM BACKING PLATE 375 X120 MM 350
2 D30MM SHAFT 330MM 020
3 D40MM OD X @30MM ID SHAFT COLLAR 144.5MM 020
4 12MM SUPPORT RIB 50 X 308.5 MM 350
A
APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS
- 330 _ ’
12
——'j-——
— |
|
375
308.60
C
| i ISOMETRIC VIEW
22
80
SIDE VIEW
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LINEAR:
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DRAWN! NAME SIGNATURE DATE C RAN K PIVOT
DANIEL CLARKE 12/10/06
QA MATERIAL: DWG NO. A4

STEEL

WEIGHT:

SCALE:1:10 SHEET 1 OF 1




2 3 4 | 5 6
ITEM DESCRIPTION SIZE GRADE
1 @25MM SLIDER BAR 400MM 1020
A
B
ISOMETRIC VIEW
400 M10 X 0.75 TAPPED HOLEY 40
[ H
| | c
@25
FRONT VIEW SIDE VIEW
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LINEAR:
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5 6

! |
8 ITEM DESCRIPTION SIZE GRADH
- o — 40MM SPRING PIVOT 85MM X 125MM 350
B8 /—‘\ 2 @65 MM TURNED SPRING STOP 16MM 350
_f )
{ 1— 40
J THE SPRING PIVOT IS NOT WELDED TO THE SPRING STOP
D65 \—\/
-l ® -
$20.50
! .
B
T 10
(2) )
\ # /
I |
I—I fi ——
I 45.40 I
FRONT VIEW SIDE VIEW ISOMETRIC VIEW
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LINEAR:
ANGULAR: TITLE:
DRAWN NAME SIGNATURE DATE U P P E R S P Rl N G STO P
DANIEL CLARKE 12/10/06
QA MATERIAL: DWG NO.
A4
STEEL 1
1 WEIGHT: SCALE:1:2 SHEET 1 OF 1




2 3 4 5 6
TEM DESCRIPTION SIZE GRADE
] 12MM BEDDING PLATE | 184 X 182MM 350
2 T0MM ARM PIVOT 85 X 40MM 350
D14.27 A
—| ©® ® 10 17
o
184 153.92 ; ' -
]Tj APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS
N 82.30
— &
30 f | 101.60 | .
TOP VIEW
_ 302
@12.25
" 1
52
[
FRONT VIEW ISOMETRIC VIEW
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DANIEL CLARKE 12/10/06
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A4
STEEL 12
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@40

©®20

STEEL

13

TEM DESCRIPTION SIZE GRADE
] B40MM OD X @30MM ID MAIN TUBE 531 MM 020
) B40MM OD X $20MM ID BEARING TUBE| _ 62MM 020
3 B40MM OD X B12MM 1D BEARING TUBE| _ 38MM 020
A
- 489.90 - APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS
| N |
: j 38
@40 7
TOP VIEW B
D12
R20
C
FRONT VIEW ISOMETRIC VIEW
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LINEAR:
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QA MATERIAL: DWG NO. A4

WEIGHT:
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1 2 3 4 5 6
ITEM DESCRIPTION SIZE GRADE
1 D@40MM OD X @30MM ID MAIN TUBE S00MM 020
2 @40MM OD X @18MM ID BEARING TUBE 62MM 020
3 8MM END PLATE 81MM X 40MM 350

458.80 i J APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS
1
j 62
N — —
1
TOP VIEW
. 81
-— - P18 R20
K 1l
i ISOMETRIC VIEW
R17.50
FRONT VIEW END VIEW
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LINEAR:
ANGULAR: TITLE:
DRAWN NAME SIGNATURE DATE

DANIEL CLARKE

13/10/06

LEADING LINK

MATERIAL:

STEEL

DWG NO.

14

A4

WEIGHT:

SCALE:1:5
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2 3 4 5 6
ITEM DESCRIPTION SIZE GRADE
1 16MM UPPER LEVER 173 X 6/MM 350
2 10MM LOWER WEB 62 X 87 350
A
APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS |
B
16
RIS @12 - T
1
|| 173
87 | iy_
¢ 35 c
ﬂ,l_l___{ ISOMETRIC VIEW
SIDE VIEW FRONT VIEW
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[TEM DESCRIPTION SIZE GRADE

] T6MM BACKING PLATE | 130MM X 350MM 350
2 12MM CROSS PLATE 70MM X 400MM 350
3 10MM BRACING WEB__ | 70MM X 190MM 350
4 TOMM TRIANGLE BRACE | 110MM X 110MM 350

400

130

—
\/ 45°
155.5 < / APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS

TOP VIEW
16
—jﬂr— @18TYP. 260 -
L o & )
60 o o
} I————‘ 10 { 100
e © 7 350
] @ @ —| 70 RQO ©
o Py ’ @10TYP.
DRILL HOLES AFTER s
© @ 10 1 JOINING PLATES
135 | T 12 .
FRONT VIEW SIDE VIEW ISOMETRIC VIEW
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QA MATERIAL: DWG NO.
STEEL 16
2 WEIGHT: SCALE:1:10 SHEET 1 OF 1




40 | 82 ITEM DESCRIPTION SIZE GRADE
| | ] 8MM BED PLATE 193 X 220MM 350
2 8MM CONNECTING PLATE 146 X 40MM 350
40 , 25.09 3 @36 OD X @25.5 ID SLIDING TUBE 160MM 1020
{_. " = 4 8MM PIN PLATE 75 X 44MM 350
A
30 H
r ﬁ APPLY 8MM WELD BEAD TO ALL ACCESSABLE JOINS
/ I 20 68.40
e SR
-y —
94 T
101.60
O 0 L
& o1 B
~ ]
30
‘4 153.92 }
BOTTOM VIEW
' :gg’ B 250 RIS P12
r—»- = o 160 L ‘
i_‘ | | ————i
[ | — I ] [ | | | 29
40 ‘ c
| 60 |
255 70 3
D36 $25.50 - L
FRONT VIEW SIDE VIEW
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LINEAR:
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DRAWN NAME SIGNATURE DATE VA LVE S Ll DE PLATE
DANIEL CLARKE 17/10/06
QA MATERIAL: DWG NO. A4

STEEL

17

WEIGHT:

SCALE:1:2 SHEET 1 OF 1




2 3 4 5 6
TEM DESCRIPTION SIZE GRADE
] 30MM HINGE BLOCK Z0MM X 85MM 350
2 BE5MM TURNED SPRING STOP 16MM 350
3 B 17MM SLIDING SHAFT 550MM 1050
A
D17 D65
P 45.40
TOP VIEW |
- — B
Q
DRILL AND TAP M17X1.5
THREAD INTO LOWER PIVOT
550 a AND INSERT END OF SIMILARLY
THREADED SHAFT
16 i
6 e 25 40 © SPRING REST IS SLID ONTO .
Y i | ’ ia THE SHAFT AND NOT
’ — —- | FASTENED
| |85 ]
30 [l — 20 | | 30 7
| ] 40
SIDE VIEW FRONT VIEW ISOMETRIC VIEW
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DANIEL CLARKE 14/10/06
QA MATERIAL: DWG NO.
A4
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TOP VIEW B
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C
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FRONT VIEW
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