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Executive Summary

This project was requested by the Bison Pulleesdan the development of their tractor for the
2009 international competition. The goal of thejpcbwas to design and prototype a CVT and
Front Axle to be incorporated into the 2009 Bisaiéts quarter scale tractor. General consid-
erations used across both the design areas inttledtesign meeting all of the rules of the In-
ternational Quarter Scale (IQS) competition, farheto meet specific weight goals set by the
Bison Pullers to place the tractor below the 83ibitit, with further considerations of each dis-
cussed in this report.

The most critical goal of the front axle desigithe 80Ilb weight limit, meaning special consid-
erations were to be taken to use aluminum to falgicomponents whenever possible. FEA
was used to adequately determine whether or notialum would be able to support the tractor
in extreme loading cases. A series of knuckle assignuckle joint considerations, axle joint
considerations, and steps taken to implement tikertan steering principle are discussed in
full detail within the front axle section of thepart. When delivered to the Bison Pullers, the
front axle must be easily integrated to the trastisame, to allow for easy access if the axle
needed to be serviced. Beyond the actual axle, letenpro Engineer models and drawings
will be given, to aid in prototyping the components

The most critical goal of the Continuously Variablensmission (CVT) design was to be able
to effectively transmit the engine’s torque andhéwe a well performing control system. Work-
ing with engineers at Polaris in Roseau, MN it Watermined that the CVT the Bison Pullers
had on hand from a 1995 Sportsman ATV would baaefft. The CVT is forced by a electric
linear actuator. The operator move a lever to cbiive CVT gear ratio. The control system
was designed using a PIC microcontroller. Allitegsto date, has shown that the completed
control system met or exceeded the requirementsfigueby the Bison Pullers.
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|. Introduction

The Bison Pullers design and build a tractor arlgdat the American Society of Agricultural
and Biological Engineers (ASABE) quarter-scalettvtacompetition. This competition pro-
vides an excellent educational experience for stisgdy allowing them to complete an entire
design cycle. This improves their skills as engisesd makes them more attractive to employ-
ers. It also provides recognition for Agricultueadd Biosystems Engineering Department and
the University in general.

The main objective of the Bison Pullers was to plaell at the competition. The scoring sys-
tem can be found in the competition handbook g@tMitww.asabe.org/students/tractor/
asaecomp.html. Another overall objective is tisatraich of the tractor as possible be manufac-
tured in our Department’s shop. Outsourcing parexpensive and can lead to delays. The
final overall objective for the Bison Pullers et it be as low cost to produce as possible with-
out major sacrifices in performance or reliabilgjnce he Bison Pullers must fundraise all the
money for building the tractor.

Figure 1 shows the overall design of the 2009 &racThe Senior Design team’s focus was on
the tractor’'s Continuously Variable TransmissioW{Q and front axle design and prototyping.
The remaining portions of the tractor was designethe Bison Pullers organization. The

CVT allows the tractor to have variable speed,dia much lower weight and higher efficiency
than previous years hydrostatic transmission. Tam fieatures of the CVT include electronic
control, variable speed, and light weight desigme iew design of the front axle allows for a
lighter, more efficient design over last year'sstoa. The highlights of the front axle design
include light weight knuckle design, tight turniredius, and pivoting feature to aid in tractor
stability.




|I. Design Considerations

1. 1 General Objectives

The design of the team must comply with all of thies of the competition; these rules may be
found at http://www.asabe.org/students/tractor/esag.html. For all parts of the design
weight was a major consideration. The tractor muestt a weight restriction of 850Ib. Further
constraints were assigned modified through disoassand approval at team meetings with the
Bison Pullers organization.

The objective was to design and manufacture a awlgt and CVT drive system for the Bison
Puller’s tractor. The design must comply with thigecia discussed below. One of our main
objectives was to make our design as light as plessiThe initial goal was 50 pounds for the
CVT system, this includes the sheaves, belts, nmogireind control mechanism, and 80 pounds
for the complete front axle. Also, the CVT mustdble to transmit the torque at any gear ratio
and engine speed with minimal belt slip. The blettidd not heat excessively. The control of
the CVT should be smooth and able to respond quickhe CVT should be able to go from
fully open to fully closed within two seconds.

The senior design team was to supply the folloveia@n end result; a complete Pro-E model of
the design, complete drawings for all parts to la@ufiactured, assistance in manufacture the
parts and assemblies, aid in preparing reportth®tQS competition, and any other require-
ments placed on the team with consent of bothgamtand the Bison Pullers. The team was
required to deliver a completed front axle that banntegrated with the tractor’s frame and a
CVT, with control system, that is integrated wilie tractor’s drive train. A copy of the senior
design report was also be provided to the BisoreRul

1.2 Front Axle

Much of the design of the front axle is open enddth only a select few design goals set by
the Bison Pullers. These include the front axledeible to adequately support the weight of
the tractor with minimum deflection. FEA shall bged to determine the deflection of design
concepts. It should have a tight enough steerigéean perform well in the maneuvering
course. This angle should be within 10 degredastfyear’s tractor (30 Degrees). Special con-
sideration will be given to the steering angle lusesathe tractor will be longer than the 2008
model, hence good steering will be required toeseeell in the maneuverability part of the
competition. The axle should be able to pivot +élegrees from the horizontal. The axle pivot
should also be wear resistant and have low frictutside of these particular areas, the Bison
Pullers allowed our team free reigns to the ovetadlign of the front axle.

The first design goal and likely most important igget by the Bison Pullers was the weight
limit. While in initial design stages, special calesation to use aluminum wherever possible
was established as a desirable design goal byeauor.tThe second goal set by the club was for
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the axle to adequately support the weight of taettr, with little to no deflection. This is of
equal importance to the first, thus a number atdielement analysis (FEA) cases must be in-
corporated to accurately reflect high load situaidHigh strength, light weight bearings and
joints must be considered to fulfill both weightastrength constraints. Parts and ideas from
the racing community will be utilized as well fdreir lightweight, high performance construc-
tion. The pivoting requirement of the axle will 8ddressed by a pin mechanism, placed above
the differential. The goal is the have the pin fid@ low friction structure, most likely with
bass inserts for wear. Power steering accommodatudhbe implemented as the design pro-
gresses, utilizing aluminum brackets to house jfiader. To attain a steering angle of at least
20°, goals must be set to accurately compare antlast a variety of axle joints to accommo-
date large angles at high torques.

Design criteria defined the Bison Pullers:
« Total axle weight must be less than 80 Ibs
- Axle must adequately support the weight of tiaetor, with little to no deflection
« Should pivot +/- 6 degrees from the horizontal
« The pivot pin area should have low friction d®dwear resistant
« Must have accommodations for Power Steerindgepably hydraulic
- Steering angle should be tolerance within 10thefprevious years’ tractor
« Must accommodate specified Polaris differergralvided by the Bison Pullers

Design criteria defined the Front Axle/ CVT Team:

- Special consideration be taken to use aluminin@rewer possible

« A number of FEA cases incorporated to accuratdlgct high load situations

+ High strength, light weight bearings and joiodsisidered to fulfill constraints

+ Parts and ideas from the racing community @difor their lightweight, high perform-
ance construction

« Pin mechanism will be placed above the diffaegnivill ride in a low friction structure

« Power steering accommodations implemented ilgdestilizing aluminum brackets to
house the cylinder

- Accurately compare and contrast a variety o gaints to attain the minimum 20° turn-
ing angle

I1. 3 Continuoudly Variable Transmission

The CVT consists of variable diameter sheavesdduatvary the gear ratio from the drive to the
driven pulley. The team cooperated with the BisalidPs to determine the appropriate gear
ratios and speed range of the CVT. The CVT sheaees required to be forced, i.e. controlled
by the operator using some type of an actuatorbpopm. This allows the operator to select
any gear ratio, within the allowed range, desifedaccomplish this an electronic control sys-
tem was necessary. It is very important thatghggem be reliable and safe. It needed to be
able to withstand adverse weather conditions tieatractor may be exposed to, such as cold,
heat, and moisture. It also needed to have safegiracorporated to prevent the operator from
mistakenly damaging equipment or causing unintemesdlts.




The CVT system was required to meet all competitides. The most applicable of which is
shield requirements. All rotating components matx@cxeed ASAE Standard S493, and in addi-
tion, they must have peripheral shielding of asteld4” aluminum or 1/8” mild steel. These

components must also be shielded in order to ptemadvertent contact by the operator.

Design criteria defined by the Bison Pullers:
- Total compete assembly weight must be less thdms50I
+The control system must be reliable and durable
«The control system must be responsive, i.e. vétg lilelay between input and output
+The CVT must be able to transmit the maximum torgfuae engines with minimal belt
slip
« Complete system should be as low cost as possible

Design criteria defined by the Front Axle/ CVT Team:
« Special consideration be taken to use aluminum eviegrpossible
Mechanical control system should be as compacbssilple
« Mechanical control system should fit well into tinector’s design
« The CVT should go from fully open to fully closedless than 2 seconds
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II1. Front Axle Design

[11.1Material Selection

Two possible materials were evaluated for struttatagrity and weight characteristics in both
Pro Engineer and Algor applications. The two materiliscussed are given in tables 3.1 and
3.2 respectively.

Table 3.1. 6061-T6 Aluminum Characteristics

Aluminum 6061-T6 Aluminum
Modulus of Elasticity 10000 ksi
Shear Modulus 3770 ksi
Yield Strength 40000 psi
Ultimate Tensile Strength 45000 psi
Density .0975 Ib/in3

Table 3.2. 1040 Hot Rolled Steel Characteristics

1040 Hot Rolled Steel
Modulus of Elasticity 29000 ksi
Shear Modulus 11600 ksi
Yield Strength 42100 psi
Ultimate Tensile Strength 76100 psi
Density .2834 Ib/in3

When Finite Element Analysis was performed on &16T6 aluminum, the results were much
better than first expected. Due to the severereaiiithe loading performed, the analysis re-
sults were very acceptable. The decision was n@aded 6061-T6 aluminum at this point for

its structural integrity at during maximum loadusitions, as well as its 65% reduction in weight
versus using 1040 hot rolled steel. It was dectdagse this aluminum to fabricate the axle
tubes, frame mount, tie rod, and knuckles. Stodkdssembly, CV axle shaft and differential
are made of other various materials. A synopste@FEA report is described in the following
section, showing the load cases, as well as thitsdsom one of the cases.

[11. 2 Finite Element Analysis

Front AxleLoad Cases

Front axle loading is composed of two primary loaddirections. One being the weight of the
front portion of the tractor applying force to eamlter hub surface in the y-direction, and the
other applying force by the tractive effort of thbeels driving the tractor ahead in the positive
z-direction.




Items to be evaluated in this analysis includessttevels in the inner and outer knuckle, the
axle tubes, as well as the mount attached to #wotatr. Loading cases being developed in this
analysis represent maximum load factors that woyddtally only be seen in extreme condi-
tions. Material selection and thickness as wett@aponent geometry will be determined by
this analysis. The desired material to be usethimmount, tubes and knuckles is 6061-T6 Alu-
minum. Properties can be found on the previous.page

Starting with the loading in the y-direction, thierit portion of the tractor weighs 1200 Ibs and
is equally distributing a force of 600 Ibs to eadieel. An estimated acceleration of 2.5 g’s was
taken into consideration in for power hop situasiorausing each end of the axle to receive
1500 Ibs of force. Forces are shown in Figure 3.1.

iln‘.!'.ll

it = R
600Ib*2.5¢g's H U 600 Ibs*2.5¢'s

Figure 3. 1. FEA Load Analysis

These 1500 Ib loads being placed 5.5"horizonally 47 vertically away from the knuckle
joints cause a moment about the centerline of thkeerasulting in a force pushing in on the up-
per joint, and pulling out on the lower joint. Tagihorizontal and vertical dimensions of joint
placement into consideration, the forces resultiogn this moment can easily be found. The
value found acting on each of the joints is 175332 The 1500 Ib load also causes a direct
loading of 750 Ibs on each of the pads housingfinerical bearing joints. Forces are shown in
Figure 2.

;35“-& ‘ [ so10: |
4
[T

Figure 3.2. Inner Knuckle Load Analysis
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The tractive effort of the tires driving the tracforward also adds loading to the not only the
inner knuckle, but the outer knuckle as well. lapproximated by earlier tests that a force of
900 Ibs is created by the tires pulling the tratboward. A safety factor of two is calculated

into the total force as well, bringing total forae each hub to 1800 Ibs. Force is shown in
Figure 3.3.
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900 Ibs * 2 (SF)

Figure 3.3. Tractive Wheel Force Analysis

This 1800 Ib force creates two areas of loadingherknuckle. The first being the loading that
is transmitted through the knuckle to each of tetg, meaning 900 Ibs of loading is applied to
each joint. This loading is applied in the samedtion as the initial 1800 Ib force.

The second area of loading is focused around thekt@ arm connected to the tie rod of the
steering system. The 1800 Ib force naturally wémtdrive the wheel inward, causing loading
on the arm due to the tie rod acting equal and sippto the force. Knowing x and y distances
from the moment, the force on the arm can easilyabeulated. The value found is 2275.34 Ib.
Forces caused by the tractive effort of the tiias loe seen in Figure 3.4.

Figure 3.4. Outer Knuckle Load Analysis




Preliminary Test
Tractor Weight L oading/Power Hop Scenario
Using the loadings calculated above, the modebeabrought into ALGOR to perform initial
load cases. The analysis is setup as follows:
« Top pin fixed in the X, y, and z directions
« 1755.32 Ib force applied to inside surface of umpdrerical bearing housing
« 1755.32 Ib force applied to outside surface of loggherical bearing housing
« 750 Ib force applied to bottom of each (upper awveek) pad housing the spheri-
cal bearings
« 900 Ib force applied to the front surface of th@empand lower spherical bearing
housing
+ Element types are set to brick
+ Material properties set to 6061-T6 Aluminum

Figure 3.5. Tractor Weight Loading/Power Hop Scenario Analysis Setup

Round 1 Results

Tractor Weight L oading/Power Hop Scenario

The analysis was run, and initial impressions efrésults are quite good. The results of the
analysis are provided in Table 3.3.

Table 3.3. Tractor Weight Loading/ Power Hop Scenario Results
Strain

« Max Strain = .00584281 in/in

« Max Strain seen on the mount, near differentiak lotkage area

- Concentrated regions of strain seen on all founear of the mount

- Regions of high strain in.004in/in range seen near the mounting points of eachida

Stress

« Max Stress = 43901 Ib-f/in2

« Max Stress seen on the mount, near differenti¥ liokage area

- Concentrated regions of stress seen on all fourecsrof the mount
- Regions of high stress t130730Ib-f/in2 range seen near the mounting points of each kn

Displacement

« Max Displacement = .237 in

- Max Displacement is seen on the outermost tipsofi &nuckle

- Least displacement seen is near the mount pivot

- Displacement increases as you travel further away the center of the a
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Figure 3.6. FEA Results Images: Axle Strain, Axle Stress, Axle Deflection (From top left, to right, to bottom)

Further iterations of analysis and loading casesbeafound in the complete FEA report in Ap-
pendix B.

[11.3 Steering Design

Knuckle Considerations

Initial design considerations of the knuckle cotesisof a more traditional style knuckle, com-
posed of a knuckle mount off the axle tube housinegsteering knuckle. Although this method
of design would be acceptable for strength chariatites, the weight of the knuckle would be
undesirable. A variety of stock 4-wheeler knuckiese also looked at initially, but the size and
weight constraints of the design caused the teanvastigate designing a custom knuckle.

It was decided to use a two piece knuckle, witlinaer and an outer knuckle fabricated of ei-
ther 1040 steel plate or 6061-T6 aluminum plate désign concept allowed for easy fabrica-
tion with current outside resources of the BisotidPsibeing able to laser cut steel or alumi-
num, as well as forming of each of them. Throughdbnsiderations listed above in material
selection, 6061-T6 aluminum was chosen.

The inner knuckle is composed of two formed chasinghich are welded to a larger diameter
tube which is able to slide over the axle. On tedf each channel a 3/8” piece of flat alumi-
num with a 1” bore is welded to each to provideamdy structural support for the knuckle but




also to house the 1” spherical bearing as well. furpose, and design considerations of the
bearing selection are provided under the knucktd jwearing considerations heading.

The outer knuckle half contains two larger formbadmnels to mate to the 5” cylindrical hub
assembly mount. The hub assembly mount has a tup#ttern to mate to the hub assembly.
This allows the hub to be easily attached by faltsh similar to how it is assembled in a car.
The top of each channel has a 3/8” piece of flatn@hum welded to it as well, just like the in-
ner knuckle, but only has a %2” bore to accommottedolt to join the knuckles together. This
type of knuckle design allows for easy modificatiorattain adequate camber angles to account
for the total deflection of the axle. Hole positiag of the outer knuckle will be paramount in
achieving the 1-2° of camber desired.

Figure 3.7. Front Axle Knuckle Assembly

This two piece knuckle design poses many benefitse overall tractor performance and
cost. Table 4 explains some of these benefits.

Table 3.4. Benefits of a Two Piece Knuckle
Two-Piece Knuckle Design Benefits

Benefit How Benefit will Aid in Tractor Performance
Lighter than traditional knuckle design Will help achieve 80Ib front axle weight goal
Allows for 55° of steering angle Will aid in maneuverability course at competition
Customizable knuckle height Very tight space limitations due to wheel-knuckle interface
Fabr.u_:ated L h.ouse 0 decreasg XPFBifthe shelf aluminum steering knuckles are ram@ expensivp
Ability to fabricate out of aluminum
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Knuckle Joint Bearing Considerations
Initially, a spherical roller bearing as showniiguire 3.8, was considered to join the inner and
outer knuckle together to allow rotation at boté thp and bottom
joints, as well as account for misalignment prapsrintroduced by
the camber of the outer knuckle. Spherical rollEarings contain two
rows of rollers with a concave outer ring racewais raceway al-
lows the bearing to be self-aligning and insensitivyas much as 2-3°
of misalignment. Although these properties are \syeficial in our
application, these bearings are able to handle rhigtter speeds than
what we will be presenting them with and no addeshefit would off-
set the added cost of the bearing.

Figure 3.8. Spherical Roller
Bearing (Source: SKF)

The second bearing selection option was the plaherscal bearing as shown in figure 3.9,
which poses many of the same benefits of the spddenller bearing
including the concave outer ring allowing for salignment and higtr
misalignment properties. The only item absent fthiw bearing ver-
sus the spherical roller is the rollers themselizege to the very low
speed and frequency these bearings will be spinitimgs decided
that this type of bearing would be the best chéac®ur application.
Axial and radial load characteristics of the plsjerical bearing
meet and exceed the specifications needed forohé dxle.

Figure 3.9. Plain Spherical
Bearing (Source: SKF)

Axle Joint Considerations

Double-cardan universal joints were first considdeserve as the articulation mechanism for
the driven axle shaft from the differential. Thasnt needs to lie in-between the two halves of
the knuckle, in line with the pivot of the knucklbemselves. The double-cardan joint was
thought to be a good first option due to the seasqmint phased in relation to the first to can-
cel the changing angular velocity typically seetraditional universal joints, as well as the en-
hanced articulation angle. A minimum steering amgl20° (total articulation of 40°) was set

by the Bison Pullers to allow the tractor to mareuadequately during the maneuverability
portion of the competition as well as for genekadrgday use. While a double-cardan universal
joint would be adequate to achieve this, the spacepied by the joint would be large, causing
the knuckles to be larger and heavier than theg t@ée. Thus, it was decided that other viable
options be explored.

The next option considered was a constant velacityV joint. These joints are able to trans-
mit power and absorb large torque impulses at langges more effectively than universal
joints. These joints are typically seen on froneehdrive cars for this reason. A CV jointis a
ball and socket style joint with slots incorporatetd the ball to house 5-6 steel balls. These
balls serve as the drive mechanism for the joimd, @lso allow for the 45-48° of articulation




typically output by a CV joint. A CV joint, alongith its internal layout is pictured in figure
3.10.

Figure 3.10. CV Joint

CV joints are typically more compact than usingoalile-cardan u-joint. This creates a weight
reduction in the knuckle material needed, as wsetha weight of the joint itself. A CV joint
from a 1995 Mitsubishi Eclipse was chosen for it&h and lightweight design, allowing the
joint to easily rest in-between the two knuckleviesl Each joint only weighs 5Ibs, helping the
front axle reach its 80lb goal at completion. Thfifise was not just chosen for its CV design,
but for its simple hub assembly that pairs withgtwell. On the stock Eclipse, the light 8lb hub
assembly is bolted onto the knuckle for easy regtemnt. This allows us to have a matched set
of splines found both on the shaft and the drivie. Miachining of splines can be a very expen-
sive process at a machine shop, making the choreeyacost effective and viable option.

Ackerman Steering
Ackerman steering defines the geometry that endbéesorrect turning angles of each wheel
when negotiating around a turn. This theory wasriparated into the front axle to aid in over-
all maneuverability of the tractor during tightiurg situations. The Ackerman steering princi-
pal suggests that angled steering arms permituberoturns, allowing the outside tire to turn
at a greater radius during turns. The main go#hef

principal is to have the centerline angles of tioaff inside tire turns
tires meet on the axis of the rear axle as shown i \on a greater

figure 3.11. This phenomenon prevents scrubbf / angle
of the inside tire while turning thus limiting tire

wear, and producing a smaller turning radius fer 12.5ft  10ft
tractor. This will aid the tractor in two ways, hot  "2dus  radius
for general maneuverability, as well as for thaiat

maneuverability portion of the competition. This I

portion of the competition makes the tractor navi
Figure 3.11 Ackerman Steering Principal

INIDSU]
Agriculturall&]{Biosystems|Engineering




gate around a series of cones, judging the overatieuverability of the tractor. Many points
may be taken off for cone impact violations.

To aid in the modeling of this principal, a Pro Eregr sketch was made. Geometries such as
wheelbase, front axle width, angles of steeringsaias well as a variety of lengths from the
knuckle pivot were taken from the current modethaf front axle and incorporated into the
sketch. Angles and lengths of the steering arme @&éjusted to find optimal steering geome-
tries to achieve Ackerman steering. Shown in figide2, the length of the hydraulic cylinder
was modified to represent the extension and revracif the cylinder, which acted on the steer-
ing linkages. The axis protruding from the centexlof each wheel was then used to judge if
they intersected with the rear axle axis. Diffedenigths and angles were input into the model
until desired results were achieved.

Hydraulic Cylinder

Rear Axle Axis Intersection

Figure 3.12. Ackerman Steering Model

Using the model, a steering arm length of 4.7”@iB&@&h the centerline of the wheel was found
to be suitable for optimum steering performancetlt@nleft side of the axle will be an
additional steering arm for the hydraulic cylindemact on. The optimal length for this arm was
found to be 4.7"@65° from the centerline of the fesnt wheel. These values were input back
into the Pro Engineer and Algor models to undetgthér analysis such as FEA to find suitable
material thicknesses.




I11. 4 Safety

Safety was considered a major factor in the desidhe front axle. Three likely failure modes
were considered for evaluation: failure/deflectadrihe inner knuckle weld joint, failure/
deflection of the axle mount, and failure/deflentiaf the tie rod, tie rod arms, or hydraulic
steering cylinder mount on each of the outer kneskEach of these failures have the possibil-
ity of causing serious damage to both the traatdf@ harm to the operator. Each of these
situations can be avoided with proper welding iifetian of each of the components, but con-
siderations of possible failure modes are necessary

The front axle utilizes a long reach of the inneugkle to bring the centerline rotation of the
knuckles in line with the constant velocity joiAthough favorable for correct geometry, se-
vere stress concentrations may be developed ngimthe inner knuckle area, but also at the
front axle mount as well if proper welding consaterns are not taken. These two failure
modes are of concern due to the tractor possilalgtireg violently under a high speed situation.
Safety measures have been taken to ensure thatopsafety is maintained in this type of
situation. These safety concerns were address#teddition of safety chains to adequately
support and maintain the integrity and placemenhefaxle in a catastrophic failure. These
chains will ensure the axle stays with the tratdqorevent a rollover situation.

The tractive force of the wheels along with theetitbrce of the hydraulic cylinder will place
extreme amounts of stress on both of the tie rodmsoand hydraulic steering cylinder mount
found on the outer knuckle. Representative simutatiof most load cases were evaluated in the
finite element analysis report, but a variety ofaraseen circumstances may still exist. If a fail-
ure were to occur on either of the tie rod mouthis,wheels would begin to rotate forward and
the tractor would decelerate. The operator wouldefgéhave to shut off the tractor or depress
the clutch to avoid any further damage to the trastructure. If performed in a quick manner,
no further damage beyond the mount broken woulsuiffered. This actions would also prevent
any bodily harm to the operator or bystanders.

[11.5 Front Axle Discussion

Through finite element analysis, 6061-T6 aluminuaswound to be acceptable for it's struc-
tural integrity during maximum load situations,veall as its 65% reduction in weight versus
using 1040 hot rolled steel. All FEA load caseslielow the yield strength of 6061 aluminum,
even in extreme loading conditions, much of whiwh front axle will not see in typical roading
scenarios. This type of Aluminum was used to fattethe axle tubes, frame mount, tie rod,
and knuckles. The stock hub assembly, CV axle stidfierential, and pivot pin are made of
other various materials.

A custom designed, two piece knuckle with an irare an outer knuckle was fabricated of
6061-T6 aluminum plate. The design concept allofee@dasy fabrication with current outside
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resources of the Bison Pullers having the abibtiaser cut and form aluminum. Spherical
bearings were chosen over spherical roller beaduogsto the nature of axle loading.

Axial and radial load characteristics of the plserical bearing meet and exceed the specifi-
cations needed for the front axle.

Constant velocity (CV) joints were chosen over alde-cardan u-joint configuration due to
weight and space criteria. The more compact desfigime CV joint allows for a reduction in

size of the knuckles, thus promoting a lighter axdekerman steering principal was considered
when designing the tie rod arm and steering mongiea. Optimal steering geometries were
determined using a Pro Engineer sketch.

Following the main objective above, as well asdtieer objectives set forth by the Bison Pull-
ers organization, the front axle design meetsfah® original design criteria. The total axle
weight met the 80lb weight limit, weighing a totdlabout 75Ib. The axle, per FEA results, is
able to adequately support the weight of the tragtdh little to no deflection. No further com-
ments can be made about the rigidity of the frothe at this time, due to the axle not yet being
completed to the point of being placed on the tra¢iowever, from the FEA results conducted
and the severity of the loading induced, | haveocerns about the structural integrity of the
axle. The pivot pin design allows for the +/- 6 o of rotation required for proper tractor
maneuverability. Accommodations for hydraulic powiering were implemented into the
design, with the addition of a power steering nidarthe front of the differential and a mount-
ing arm to the outer knuckle. Adequate steerindeanithin 10° of the previous years’ tractor
was achieved by the combination of knuckle desigh@YV joint capacity.




V. Continuously Variable Transmission Design

V.1 Control System Design

It was determined by the Bison Pullers that the GY¥duld be forced. Meaning that the opera-
tor is able to set the gear ratio of the CVT akpehdent engine speed. Normally a CVT such
as one on a ATV or snowmobile varies its gear ratitmmatically based on engine rom. This
was determined, by the team in cooperation withBisen Pullers, to not be desirable operating
method because tractor operators would not be imyith its operation. Two main of meth-
ods to accomplish this were are: proportional hyliicacontrol and an electronic linear actuator.
The linear actuator method was selected for thra@ neasons: weight, price, and usability.

A hydraulic system was first considered. It wob&lable to easily produce a significant
amount of force. Based on the estimation of 50@hps of force being the maximum amount
required to close the CVT with a reasonable sdtatior, and a system operating pressure of at
least 1000psi, a cylinder with a piston end crasgignal area of only 0.5 inches would be re-
quired. This estimation was based on informatiotaioled from Bison Pullers members who
have experience with CVTs on snowmobiles. This @auwitially make this choice seem very
favorable. However, controlling the fluid flow asvery significant challenge. Either a propor-
tional or servo valve would be required. Basedmanexperience of team members and our ad-
visor this would prove to be very expensive, likelgre than $500. Also, though the tractor
will have a hydraulic power steering system, it Widoe difficult to take pressure off this sys-
tem. When the steering wheel is not being turtteglfluid flow is dumped over the open cen-
ter valve at very low pressure. In order to takespure to control the CVT from this system a
control valve would need to be used to shut ofivftbrough the power steering orbital and
push the pressure up to system relief. This
would be an inefficient use of power and
could cause loss of steering control. It we
therefore determined that a separate purr e g
would need to be added for the CVT cont Zodecsmyer |
system. The system would require a pur comsenressan, ||
lines, a control valve, reservoir, and a cyli
der. This system was deemed likely to be e
prohibitively heavy and expensive. .

The optional pofentiometer provides
1 feedback for positioning applications

/ Lightweight plastic housing
/ of recyclable matenial

Anti-rotation is buit
-~ into the extension tube

- Stainlass steel extension tube
-

The second and chosen idea was to use . 2%
electronic linear actuator to move the CV’ srees o
A linear actuator is essentially a screw thi o
is slowly turned by an electric motor. A ..

Quiat operation

collar is threaded onto the screw and is he 5250
stationary; as the screw turns it is forced 1
move linearly. A cutaway of the linear ac-
tuator that has been chosen is shown in figlgure 4.1. cut away of an Electrak E150 actuator (Source: Dana-
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such a system: it can draw power off the tractbagery, its speed is relatively easily con-
trolled by a PWM (Pulse Width Modulation) unitjstfairly light (between 5 and 15Ibs), and
often includes a feedback potentiometer, which lelluseful in the control system design.

V.2 CVT Mounting L ocations

Different concepts for the location and mountindhef CVT and its control system were inves-
tigated. It was decided early on that the best twayount the CVT itself was to mount the pri-
mary, or drive pulley, directly to the shaft comiogt of the gear box that connects the three
engines together, and mount the secondary or dpu#ey, directly below it and attached to
the clutch. This mounting scheme keeps the traad@hort as possible and fits well within the
frame.

It was decided by the Bison Pullers to incorpoeatdutch between the secondary and the trans-
mission. This allows the CVT to remain at a setrgatio while the tractor is stopped and then
reengaged. This could be beneficial in the pulleere was also a concern about the tractor
ability to drive slow enough for the maneuverapitburse. The transmission designed by the
Bison Pullers sets the minimum speed at 3.3 mphtamdax at 13mph. 3.3mph could be too
fast for the course. Allowing the
CVT to slip to reduce this spee
would cause high belt slip and
damage the belt. By using the
clutch, the operator could ride
the clutch to reduce speed. Th
wet clutch is designed to absor
some slip it will not be damage
by it.

Determining a method for
mounting the control system
challenging. The two primary
challenges were limited space
and high rigidity requirements.
Figure 4.2 shows the chosen d
sign. The actuator must force «
the right side of the primary.
This location is difficult to get tc
It is very important that the en-
tire mechanical control system
be very ridged. Flex in the sys-
tem would reduce the operator’

Figure 4.2.. CVT Assembly




ability to accurately control the position of th& T It could also lead to vibration, which
could damage the belt.

The first concept investigated was using a shaittedor and mounting directly to the primary.
The optimum length for the actuator in such a pasitvas 5 or 6 inches. None this size were
available. No manufacturer of such a actuator cbelfound. A longer actuator would stick
into the steering column and require that the friaméengthened. It would be mounted to the
steering column, requiring significant reinforcernefhthe column, which would add weight.
For these reasons the concept was discarded.

The second concept was to use a lever arm wittodl 2Znechanical advantage, mount the ac-

tuator to the bottom of the arm and place it undatim the deck plate and above the transmis-

sion. The top of the lever would be mounted togbar case. This idea was rejected due to a
redesign of the transmission, which reduced theespatween it and the deck plate; the actua-
tor would no longer fit.

The chosen design, which is shown in figure 4.8t bu this concept, but placed the actuator
on top. The left side of the actuator will moumthe top of the gear box. This location was
solid and is readily available. The bottom of tioparm mounts to the underside of the deck
plate. The pivot arm connects to the primary witluach throw-out bearing.

FEA has been performed on the pivot arm. It waslaoted with the pivots having pinned
boundary conditions (fixed displacement in all direns and free rotation), and a force of
200Ibs applied to the surface that contacts thmatfout bearing. This loading is based on
forces determined by Austin Houkom, an engine@&adéris Industries in Roseau, Mn. A de-
tailed report can be found in the appendix C. min@mum factor of safety determined was
15.12, using 6061-T6 aluminum. This was deemedg@able. It would be possible to reduce
the safety factor; however the stress concentratigere at weld joints. Due do the Bison Pull-
ers previous experience with welding aluminum, wa/mot be able to achieve as high quality
of weld as is modeled by the FEA.

V. 3 Actuator Selection

A variety of actuators were considered for usthensystem. First, the desirable characteristics
of the actuator were laid out. It would need teéhanough force to control the CVT at any rpm
and torque on the engine’s lug curve. Austin Hoakan engineer at Polaris (Roseau, MN)
was contacted for aid in determining the requiadd. Given the peak torque output of the
engines at 72ft-Ibs (according to Briggs and Sirgtand top speed of 3600rpm he was able to
determine that the CVT would require a maximuméas€ 175 Ibs. This is not allowing for

any factor of safety or degradation in actuatofgrerance due to age. It was decided that the
actuator should be able to produce at least 250limce on the CVT.

The actuator also needs to be quick enough to imek€VT feel responsive for the operator,
but not so quick that it would move faster thandbetrol system can respond. This high speed
could result in oscillations and poor performan®ery high speed could also cause excessive
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belt tension or even cause the belt to become s$tuitle secondary. Based on discussion with
the Bison Pullers it was determined that the aotugtiould be able to move the CVT primary
from one extreme to the other in less than ab@#&c®nds. The chosen CVT primary has a dis-
placement from maximum gear reduction to maximueradnve of about 0.95 inches, from
maximum overdrive to full open is about 1.15 inch&sis was measured by hand and does not
include the additional opening of the primary teatigage from the belt, as this will not be re-
quired in the design due to the use of a clutchiesthe 2 to 1 lever arm, this means that the
actuator must move at least .95 inches per second.

There were a few other factors that were consideretioosing an actuator. It would need to
be powered by 12volts, as this is what is availabl¢he tractor. It should also be as light as
possible to allow for the goal of 50lbs for the qoete CVT assemble to be met. Low cost is
also desirable, as the Bison Pullers budget igdimmiHaving potentiometer feedback would

also be desirable. It would be possible to deaignstom feedback system, however this would
likely not be as reliable as a manufacturer insthflystem.

Initially an internet search was conducted fordinactuators. However, nothing meeting the
above criteria was found. Most were actuatorsirety 110VACor were too expensive. Duff-
Norton’s actuators, however seemed to be reasandlley were contacted referred us to their
local distributer, Motion Industries in Fargo. Afiscussing the requirements with them,
Thomson actuators by Danaher were recommendedr dpy@ication engineers were con-
tacted and options were discussed. The actuaiggested were the Electrak E150, Electrak 2,
or PPA 12 VDC (Danaher, Washington, D.C.).

The Electrak E150 was chosen for its light weigid eeasonable speed. It was the lightest of
the recommended actuators, weighing 5.2Ibs, cordgarthe Electrak 2 at 10lbs, and the PPA
12VDC at about 15lbs. The E150 also had the loaesiunt of force that would meet our re-
quirements, 225 pounds. Only about 125poundsbsillequired, however Motion Industries
was not able to locate an actuator in this forogeahat was 12VDC and had an acceptable
speed. The E150 speed is 1.4inches per second@dhand 1.25 inches per second at 80lbs of
load. The specific model ordered was the E150 DFM52-04LPMHN. It also includes po-
tentiometer feedback.

IV. 4 CVT Shigding

CVT shielding was designed according to QuarteteSCampetition Rules which can be found
in Section 15 of the Rules. They require thatatthting components have no-contact shielding,
and that belts and chains must have peripherdbsigeof at least 1/8 inch thick mild steel or
1/4 inch aluminum. Aluminum shielding was chosee tb its light weight relative to the steel,
and because the Bison Pullers have a sponsor ihé&tser cut 1/4 inch aluminum at no charge.

The CVT shielding was designed for minimum weiglase if service, and manufacturability.
The shielding was designed in three parts, as showgure 4.3. The lower part attaches by
four bolts to the bottom of the frame and is ealiyovable for servicing the belts. The upper




left side shield is attached to the operatorsatadnd the frame. It is designed with notches cut
into it for the pivot arm and the actuator to fita. This does make it harder to remove, but is
necessary in order to provide adequate shieldingeo€CVT belt. A CVT belt is very thick and
heavy.  Therefore failure could be a very dabghic event if it was not shielded properly.
Extending this shield and creating the notchesressihat the belt would be contained should it
fail. The third piece of the shield is shown igute 4.4. It is designed to be the primary access
point for service. It bolts to the other shieltkegsing column, and the deck plate. It can be re-
moved with only four bolts.

o

e s

Figure 4.4. CVT with shielding

Figure 4.3. CVT Assembly with shields.

Another critical advantage of this shielding isttbhg being bolted to the frame, deck plate, and
steering column, it provides additional structwabport to the column. The strength of the
steering column has been a concern because thatapeill likely pull himself up onto the
tractor by pulling on the steering wheel suppotigdt. This makes rigidity important so that
the operator feels comfortable and confident omeisgiand egress.
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V. 5 Electrical Control System

An electrical control system needed to controlghsition of the actuator. A microcontroller
would be required. Three controllers were invedad based on the input of Dr. Bon and Bi-
son Pullers members: the Basic Stamp 2(BS2) andngxfrom parallax, and a PIC microcon-
troller from microchip. The Basic Stamp 2 was ailif selected because of its ease of program-
ming, the design team’s experience with it andlitéity to effectively control the system. Code
for any of these controllers needed to be writtgthie team.

Discussions with the Bison Pullers about the cdrslystem for
the CVT led to the decision to include electromimttle and
choke control as part of the system. This wouldhielate the
mess of cable linkages that would be required tmeot the
three engines throttles and chokes together mecdigniand it
would not add much complexity to the program fa thicrocon-
troller. It was decided to actuate the throttld ahoke with a
standard servo. The servo chosen for controlegtigine throt-
tle controls is shown in figure 4.5. Standard esrare controllec
by sending a high pulse of 1ms to 2ms durationyetBrto 25ms
A 1ms pulse corresponds to about a 12 o’clock jwwsdf the
horn. A 2ms pulse corresponds to about 6 o’clamditgpn. This
allows for precise control and provides the higtote required
for the throttle.

Figure 4.5 Standard Servo
(source: Tower Hobbies)

The choke position is controlled by a three posiswitch: position 1 is open, 3 is closed, and 2
is half way. The throttle position is controlleg & potentiometer mounted on a foot pedal.
The CVT is also controlled by a potentiometer, ibig mounted on a lever. This layout was
chosen because from the Bison Puller’s experignsemuch easier for the operator to accu-
rately control, especially in the event of powephdccurate control of the CVT is necessary
during the pull, to be able to put the maximum amai power to the ground without exces-
sive wheel slip. However through the whole pud throttle will just be wide open. Because

of this experience, it was decided that the CVTucdmeeded to be on the lever.

The overall scheme for the CVT control is to hawe eperator move a lever and the actuator
follow the motion. The control lever is attachedatpotentiometer, which provides an input
position to the microcontroller. The actuator diss a potentiometer embedded in it, which
allows the microcontroller to know its positiort.then compares the two and moves the actua-
tor as required. A wiring schematic and codetliermicrocontroller -

can be found in the appendix. The decision wasertiaat the position =, =™ -

of the potentiometers would be determined by uliegRC circuit R4 Lo

shown in figure 4.6. The wire at right is connelcte a pin on the Basic T8 10
Stamp. The pin is initially set to high for abdms, allowing the ca- v

pacitor to charge. The pin is then changed topatiand a timer
started, allowing the capacitor to begin to decapss the potentiome-

Figure 4.6. RC circuit for
reading the Pot




ter. Once the capacitor decays below the loweshulel voltage of the Stamp (~1.4V), the time
is stored in a variable. This occurs very rapidistially in less than 0.25ms. The time is di-
rectly proportional to the resistance of the pateneter. A more conventional method would
be to use an analog to digital converter, howethexry are fairly expensive at $5.00 to $10.00 a
piece compared to about $0.25 for the capacitmuarent limiting resistor used above. An
ADC would be more precise, however that would lkebdt be needed.

The linear actuator is controlled by an HB-25 PWRMIlse Width Modulation) and H-Bridge

unit from Parallax, which is shown in figure 4.7hi3 allows the speed of the actuator to be var-
ied from zero to maximum and its direction chang@&te HB-25 is designed for 12volts at up
to 25 amps, so it exceeds the power demands eaictii@tor. It is con-
trolled by sending it a pulse from 1.0 to 2.0m€nis is full reverse,
1.5ms is stop, and 2.0ms is full forward. It neexeeceive the pulse at
least once per second.

The Basic Stamp is commanded to send pulses lpulkeut command.
It is of the format “PULSOU™PIn, Duration”, where duration is in 2us
increments. The section of the code shown in figuBetakes the decay
times from the potentiometers and converts themnpalse to send to tr
HB-25. This code is not yet calibrated as the eagest stand has not

. R . Fji 4.7. HB-25 PWM
yet been setup. The proportional constant “k” wédkd to be determine ﬁ;riwww.para"ax.com)

'CVT ceontrol master IF statement
IF engine_on=1 THEN 'only send control to CVT if engines are on
IF tCVTlevers>tCVTpos THEN "if actuator needes to retract
pulse_c=tCVTlever-tCVTpos
pulse_c=pulse_c*k '"for proporticnal control
pulse_c=pulse_c+750
IF pulse_c<760 THEN 'for deadband to prevent oscillation
pulse_c=750
ELSEIF pulse_c>990 THEN 'set max speed limit
pulse_c=990
ENDIF
ELSE '"if actuator needs to extend
pulse_c=tCVTpos-tCVTlever
pulse_c=pulse c*k 'for proporticnal contrel
IF pulse_c> 750 THEN '"Prevent a negitive from possibly occcuring
pulse_c = 750 "in the next statement
ENDIF
pulse_c=750-pulse_c
IF pulse_c>740 THEN 'for deadband
pulse_c=750
ELSEIF pulse_c<510 THEN 'Set max speed limit
pulse_c=510
ENDIF 'The pulse to send has been determined
ENDIF
ELSE
pulse c=750 "If the engines are off stop the actuator
ENDIF
DEBUG "pulse ¢ = ", DEC pulse_c, CR 'Display pulae on laptop if connected
PULSOUT HB25, pulse_c "Send pulse to HB-25

Figure 4.8. Basic Stamp Code for CVT control
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to allow for the quickest possible response ofsystem without it overshooting the set point.
Another if statement will also be added to setrtiieimum and maximum positions of the ac-
tuator.

The control program has been tested using an actpaivided by Nic Hodnifield. It is fully
functional, but would need to be calibrated on@gystem is installed on the tractor. A cycle
speed of 20 to 30ms was achieved.

The first if statement is the implementation obéesy system. If the operator would attempt to
close the CVT sheaves with the engines off, theveelild be pinched between the sheaves and
damaged or destroyed. It is therefore necessatggign the control system so that this would
not be possible. The controller needs to knoweféhgines are running. This in implemented
using a hall effect sensor on a gear in the gear Bm if statement sets the bit engine_onto 1

if the incoming pulses are fast enough or 0O if nbite HB-25 will be ordered to stop if en-
gine_off is zero.

The system was initially designed using a BS2 adontroller, however based on information
from taking the course ECE 363 Embedded Systemgdaswas decided to redesign using a
PIC microcontroller. One of the main reasons ligg tvas that the Tractor’'s gauge cluster util-
izes two PIC microcontrollers. There was suffitiom in the gauge cluster for another PIC
and supporting hardware but not enough room foasid8Stamp 2. Having the microcontroller
in the gauge cluster simplifies the wiring for th@ctor and places all electronics in one central
location.

The PIC also performs better and is more versafie previously discussed it was difficult to
measure the position of the potentiometer usind3®2. During testing it was found that the
method shown in Figure 3 worked fairly well, bud diot have a very high resolution. Also,
when the potentiometers are at very high resistariakes much longer to read them than
when their resistance is low. This lead to proldémmaintaining a fairly constant loop time.
The servos require a loop time of between abouts28&mal 15ms, otherwise they have the ten-
dency to chatter, which greatly reduces theirihfiet

The PIC solves this problem because it has an edddabit analog to digital converter. This
converter is also very quick, measuring the potenéter voltages in less than 20us. The con-
verter has a resolution of 5mV, or 0.26 degreesjragng a typical 270 degree maximum rota-
tion for the potentiometer. This is much bettesotation that was possible with the BS2. A
new cirrcut schematic for the PIC is shown in ApgigrA.

The only major drawback of the PIC is that it pargs in C. A language which most Ag. Engi-
neers are unfamiliar with. This will make it diffit for them to reprogram, if necessary. This
was discussed with the Bison Pullers and deemetbrizg# a major issue as it should never need
to be reprogrammed, and there are electrical eagiren the team that have in-depth experi-
ence with C. Also the PIC does not have someetitnvenient built in subroutines like the
BS2, such apulsout, pulsing, pause, or the ever convenieniebug command.




V. 6 PIC Programming

Programming for the PIC was approached in a botiprmethod, in which subroutines are de-
veloped to accomplish specific task, they are tested then they are all put together in the
main program.

The first major subroutine developed was to seethise to the servo for the engine control-
ler. The subroutine should send out a pulse betwesnd 2ms based on an input value. The
initial routine used a simpler loop to wait for a period of time. The input vedufor 1ms and
2ms were about 280 and 380 respectively. In teskiisgwith a potentiometer it was found that
the step size was a bit to large, leading to problan calibration and servo chatter. It was de-
cided that higher resolution was required.

Investigation into the resolution issue showed thatproblem was that amat variable (16-bit)
was used in théor loop. Since the Algorithmic Logic Unit (ALU) in &PIC is only 8-bit, 16-

bit numbers take more clock cycles to work withnti8abit numbers. So it was decided to re-
write the code to use only 8-bit variablebdr) in the loops. Testing showed that a value of
about 900 would be required for a 1ms delay. Wasld need to be expressed as four 8-bit
numbers (8-bit unsigned numbers go from 0 to 29%)e 16-bit variable passed to the subrou-
tine was converted into this form using a for lodfhe complete code for this subroutine is
shown in figure 4.9. When tested this code cdleiche servo accurately and without chatter.

The next subroutine developed was to determirteeiehgines are running. The input for this

is a proximity sensor that reads off of a geahmgear box which connects the engines to-
gether. Through discussions with the Bison Pullensas determined that the engines should
be considered shut off if there speed is less étaut 1500rpm. The low idle setting for them
is 1700rpm. Given that the gear has 21 teethrélsislts in an input square wave with a fre-
guency of 525Hz. If the input frequency on RCR&s than that the subroutine sets a flag to O,
otherwise the flag is set to one.

The subroutine is shown in figure 4.10. It bedgdetermining if the wave is high or low. It
then determines how long the input stays high wr I&f the pulse exceeds 380 counts it sets
the flag to O, otherwise it is set to 1. 380 csumas determined experimentally to correspond
to an input frequency of 525 Hz. The subroutink tivhe out if the incoming signal does not
change in less than 380 counts. This preventpribgram from getting stuck waiting for en-
gine pulses. The subroutine takes between 4 arskt@ execute for engine speeds of between
0 and 3600rpm. This is important so that the sef@ochoke and throttle will continue to
function properly without the engines running, the linear actuator will not. The main pro-
gram simply has an if statement that send the ngoaise to the PWM unit if flag is one, else

it commands the unit to stop the actuator.
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The subroutine for sending the pulse to the HBR®EM unit is the same as to the engine servo
accept on a different pin. The code for deterngrilve pulse is the same as what was written
for the BS2, accept translated into C. The coreptetle for the PIC can be found appendix B.

/ Subroucine for pulse te throot)
vodd Pulse_Thrt lunsigmed int ©

Fivariable declaracion

ink w.

unsiguned char ©(4];

chaz: L

f commrert C (0 o LOOO) ank four B<bit variables 1 [|0) o 113]

Cox i=0 F ek P 1

if (C»2EE

t[i 255;
C=C=255;
alas

B lRN=Es

Cmid;

Frsand pulse
REQ=0; fdrive BED low

for wel; ws3dzl; Wit H Flumlit lms

while (t] el fusit 0 =o ls
whille =1 el

while (c(Z]k niZ]

whille (|3 t

mCO=1 ffdeive RCO high

Figure 4.9. PIC code for engine throttle control.

féSubroutine to check if engines mre on
Filag = L 1f on, O 1f off

char Brg chk (wodid

FAvarisble decl aration
umsigneed int time=0;
char fLag:
fddetermine 1f sqare wvave is high or low
if (RCE
while (BCZ & Sime-<380 Freowunt while high
cime+4; ffbraak owt if > Ims and set engines off
if Limd FEQ flagren;
else Afcount time low 1f high did not time out
cine=0;
while G2 time<330
cimedd;) frbraak owt if > lms and set engines off
if(eime FE0D flage0.
e#lee flagel: it bath timar larzr cthan Ier, SAJiRET EFE OB

aLlad Friame & above bur CARET1Y
wrhi 1o RC2Z time JEO) |
EiEg 4]
df (wime==FE0r [lag-0;
=l
cime=0;
while (RCZ time<IB0
L3 THTE
ifitdme~=2E000 flag-0.
else flag=l

g with low pulss

rbturn flmg Freavurs eke flay 5o che 24l progras

Figure 4.10. PIC code to check if engines are on




The PIC is mounted on a custom Print Circuit Bq&@B) designed by electrical engineering
members of the Bison Pullers. This board is malimdhe gauge cluster. It was designed by
them according to the wiring diagram found in tppendix.

IV. 7 Safety

Safety was a paramount consideration in the dedigime CVT system. Three likely failure
modes were closely considered: failure of the liailiure/deflection of control linkage, and fail-
ure of the electronic control system. These fasunad the potential of causing serious damage
to the tractor and/or harm to the operator. Thséisations should be avoided by proper instal-
lation and maintenance, but a consideration of tlsenecessary.

The CVT uses a fairly heavy belt that rotates ghlspeed. A failure of this belt could be
caused by deterioration, excessive slip, or misatignt. Due to its high momentum belt frag-
ments could be hazardous to the operator and lestsuf uncontained. Therefore, a shielding
system was designed in compliance with competitibes. This system is adequate to contain
the belt should a failure occur. The shield alsceexls manufacturer shielding which is either
fairly thin plastic or thin sheet metal. PeripHestaielding is 1/4 inch aluminum.

The control system for the CVT could fail or defldavelds are not of sufficient quality or due
to deterioration. The concern was that this coalchdge other components or cause the tractor
to behave in an unexpected way. This was addrdgsddsigning the system in such a way
that a failure of the system would result in treetor stopping. If the control system fails the
force of the spring inside the primary would caiige open fully, stopping the tractor. The
design of the shield prevents the linear actuatonfcontacting the primary. In the event of a
failure of one of the pins on the pivot arm, it Webbe contained by the shielding and by the
steering column. If the control system only detideit would cause the tractor to simply not be
able to achieve top speed. This could be corrdnyaecalibrating the system if the deflection
was minor.

The electrical control system could possibly faiedo developing short, water infiltration, or
poor connections. During manufacturing all coniverst are inspected and tested for not only
operation, but also quality. This should greadiguce the chance of an electrical failure. The
instrumentation cluster where the PIC is housex#ded to prevent water infiltration. There
are two possible modes of electrical failure tlatld be hazardous: actuator closing or unex-
pected actuator response. If the actuator clogesut input, it has an internal limit switch that
will shut it off when it reaches fully closed. Bhprevent the actuator from stalling or its force
overstressing the mechanical linkage The tractarldvaccelerate to maximum speed, but no
damage would occur. The operator would merely haegther shut off the tractor or depress
the clutch. The operator’s response would be theesathe system behaved unexpectedly.
Again, no further damage would occur.

The design of the CVT system has taken into acciasie unlikely, but possible failures, and
has addressed them in a manner that makes theapand by standers as safe as possible and
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assures minimal further damage to the tractor.




V.8 CVT Design Summary

The CVT is forced by a Electrak E150 linear actuatanufactured by Danaher. It was de-
cided to use a linear actuator instead of an atermethod such as a hydraulic cylinder due to
its comparatively low cost and light weight. Thesific actuator was chosen with the aid of
applications engineers at Danaher and Motion Imahssin Fargo. The actuator connects to the
CVT by a lever arm with a 2:1 mechanical advantafjeis was done due to the force require-
ments of the CVT as stated by engineers at Poldiss design also allows the actuator and
mounts to be placed in a convenient and compaatimt

The electronic original control system was designgidg a Basic Stamp 2 microcontroller
from Parallax. This control system was testedfandtioned properly, but not with the highest
performance levels. Also, the Basic Stamp isydirgh cost, and due to its size, would be dif-
ficult to fit into the instrument cluster. It wéserefore decided to switch to a small, low cost,
and better performing PIC microcontroller.

The program for the PIC was strongly based on tbhgram for the BS2, but translated into C.
The PIC program has been tested with the seleictedrlactuator and performs very well. The
system is complete and awaiting the completiomefBison Puller’s transmission for installa-
tion on the tractor. This delay is because the @Wodt arm mounts to the top of the transmis-
sion. Once the system is installed it will needhéocalibrated, which should be a very quick
process.

The design of the CVT meets all of the originalemives. It is able to open and close in about
1.5 seconds. This speed was accomplished by isgjest appropriate actuator and pivot arm.
The CVT met the initial weight objective of lesath50 pounds. The complete assembly
weight was about 40 pounds, which was primarily duthe use of aluminum and selecting a
light weight actuator. The CVT has been designduetwery safe and reliable. The shielding of
the CVT and electron fail-safes greatly reducescttance of injury or component damage in
the event of an unlikely failure. The forced CVToals the operator to have the benefit of vari-
able speed without the heavy weight or inefficienty hydrostatic transmission. The elec-
tronic control system allows the operator to eaailyg accurately control the CVT.




V. Conclusion

It was the objective of this project to developght weight, durable, and maneuverable front
axle, and a responsive, reliable, and low cosE@ICVT transmission for the Bison Pullers
guarter scale tractor team. These components thalk&ison Pullers tractor more competitive
by: freeing up weight to allow for an additionalgame, improving maneuverability, and allow-
ing for variable speed to improve pulling perforroan The CVT met or exceed all established
criteria that has been tested; it was 10 pounliswbigne weight limit, used a low cost actuator
system, and had an responsive control system.rbhedxle also met and exceeded all estab-
lished criteria. The total weight was 5 pounds tetloe required limit, adequately supported
the weight of the tractor, and was within 10° af 8teering angle of last years tractor.
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Appendix A
Wiring Diagrams
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Appendix B - Control Code

[ PIN 1 ‘conftrol
z BEIN 5 'actuator
T} BIN O '"Throttle
T} BIN 12 '"Throttle
[ns BIN =z 'Lead one
c BIN 3 'Lead two
[n BIN 11 '"Choke ==
L BIN 15 "LED for
E TIN 4 !

H PIN B !

Declarations

Word
Wik

Word ul ] Ttle

oot oo '
.l
2]
H
(4]
0
ot o Wb

[x]
o
]
ot

oot
o

it
'

]

Word
Word
Bit

Word

L]

i
o

[EX

Byte
Byte

i

oo i
=

oo

oo

initialized", CR




Choke

=1

if statemen

only send control to

'if actuator needes to

' izadb ] I ran cillation

'if or
1S
'for deadband
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PIC Code

P D e L A &

Matt Wold

fSubroutine declarations
(unsigned int ¥);
ke (unsigned int
Thrt (unsigned int C);
unsigned int D_EBeadiunsigned char cl;
25 (unaigned int L);

E variable

unsigned int
unsigned int
unsigned int




unsigmed int CVI_
unsigned char eng con;
TRIEZ = Oxf

ffformat ports

ffinitialize AZD converter

itialize

fifmain loop

{/send pulse to choke servo

Control
2D Read
eng pot/l

+ 250;

the actuator

fw Jfused for caibration to
fthat the PIC is seeing
¥
; wait for Sms to

ffwait routine in ms

wolid Wait (unsigmed int X)
unsigned int
for (IZ=0; I<
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Fenerate
woid Pulss
unsigned int
REC1=C

w g

H connection

char 1;

1000 int four 8-bit wariables i[0] to i[3]
.I
i[0] to i[3]

ECZ=0; Fidrive RCO high

! 0l read routine
unsgigned int A2Z0_Read (unsigned char c)

unsigned int resulc;
unsigned char i;
- - 7:




Jfvariable decla
unsigned int t
char flag;
J/determi
if (RE3){
while

ne if sgare wawve is high or low

and set engines off

did not

and set sengines

if (cime==3E20)
elss flag=l;

return flag;
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