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ABSTRACT

This is a Report and Design Project that has been developed to aid homeowners in their
landscaping needs. What developed was a proposal for a Hydraulic Front-End Bucket Loader
prototype. This prototype was created to help eliminate the need for an added machine and
expense to a homeowner. This Front-End Loader will be fastened on to the existing frame of
a personal lawn tractor while minimizing modification to it. The hydraulic and mechanical
components of the prototype will be bolted on to the existing frame and chassis components.

The use of light weight material, strong steel joints and bushings allow for the loader to out
preform the current markets competition. One of the largest benefits to this design is that it
allows for the mower desk to stay attached to the tractor while providing “Quick Disconnect”
features. The quick disconnect features allow for one person operation and storage. The
loader arm and bucket assemblies are completely detachable from the tractor.

This Prototype also allows for a greater load capacity and lift range. The load capacity is
3501Ib and has enough lift to be able to put loads of mulch, soil and gravel into a ¥ ton pickup
truck. The market comparisons for this size tractor are very different. They only allow for a
maximum load of 150lb and lift height of 5-10 inches. This type of minimal load capacity
and lift features limits the homeowner’s ability to perform normal landscaping task.

Currently, if you want a greater load capacity and lift height you have to purchase a separate
machine to do the job. Normally, this extra machine would be much larger in size and may
become costly to maintain. This is why this Design Project was developed. Thus, the
prototype assists in the elimination of extra storage space and added cost to the homeowner.

All of the components, mechanical and hydraulic, have been developed for a Craftsman/
Husqvarna series lawn tractor (Craftsman Model #07128857000, Mfr. model #28857). Yet, it
is possible to modify and attach this prototype to three (3) other tractor models.

This particular Craftsman Lawn Tractor has a Hydrostatic driveline and integrated safety
features. The beauty of the Loaders Hydraulic System is that it works simultaneously with
the tractors driveline. Yet, the sealed hydraulic system functions completely independent
from it. Another great feature of the hydraulic system is that it utilizes that the same
integrated safety features of tractor. Thus, this eliminates the need for additional wiring
complexity and mechanical safety features that would add expense, weight and complexity
for the home own to maintain.

The hydraulic system utilizes O-Ring seals to help eliminate the potential for leaks and
contamination of the systems. It also has a single joystick controller to allow the operator to
focus on the loading system. The system also, has integrated “Dripless” hydraulic disconnect
fittings. This not only eliminates potential contamination and lost oil from the system but,
also helps to keep the environment free of added contaminates.

This Design Project has many components to it but, the single most important item is that it
performs. Testing proves that the system completes the tasks and features that it has defined.

vii
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PROBLEM DEFINITION AND RESEARCH

PROBLEM DEFINITION AND BACKGROUND

Some lawn tractors today have hydraulic drive systems and it would great to tap into that
systems or create one, for other hydraulic applications. Two versatile applications would be a
front-end scoop loader and a snow plow. There are smaller commercial machines that do
these functions but, are very expensive for a normal home owner to acquire.

The proposal is to fabricate a prototype hydraulic front-end loader system (perhaps even be
able to attach other attachments such as a power auger for homeowners to put in fence post,
footings, irrigation heads and more) that will be mounted onto a personal lawn tractor.

There are two main portions/systems of this project. These systems will include the hydraulic
distribution lift system and controls. The second will be bucket/plow lifting assembles and
tractor mounting points.
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RESEARCH-INTERVIEWS

A conducted interview with John Dehne (1) took place. He is a corporate engineer who owns
a personal lawn tractor and does a multitude of lawn work at this home. He was interviewed
over the phone on September 25, 2011. The features that he felt would be necessary for the
loader are as follows.

Table 1: Interview Information

Category Feature Information

e Loader arms do not need to be able to
detach

Hydraulic and Loader Mechanism e Attachment(s) need to be removable

Lift: Minimum of 2ft and a Maximum
of 5.5ft

Size: Under a cubic yard
Weight: Under 1001b
Bucket pitch: + 30° parallel to ground

Bucket

Plow movement: Swivel left to right,

up and down

e Skid blade or rollers at bottom of
blade

e Weight: Light enough for one person
movement

e Storage: Plow will be stored when not

in use

Snow Plow

(See Appendix A for more). John was able to provide insight to what a real customer would
be looking for when it comes to this front-end loader prototype. He developed three main
categories for the prototype with specific desired features listed above.

ONLINE RESEARCH - TECHNOLOGY AND EXISTING PRODUCTS

Research was conducted and as a result 4 main categories were created. Category 1:
Hydraulic system capacity/form/function, Category 2: Loader capacity/form/function,
Category 3: Bucket capacity/form/function and Category 4: Snow Plow
capacity/form/function. 5 web sites were utilized from the internet. Three sites are for
bucket/loader information and two sites refer to snowplow information. Refer to Appendix A
for additional information on the following research objects.
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FRONT-END BUCKET LOADER RESEARCH:

The Johnny Bucket Jr. (fig. 1) is an
electric operated front-end bucket that has
a only 200 Ibs. load capacity. It attaches
to the front most extreme portion to the
lawn tractor. One beneficial feature is that
it does not interfere with the mowing deck
but, it lift height capacity is only 10”. This
limitation is rather significant when trying
to load into a truck bed. The movement of
the bucket is rather slow. Although, the
system is light weight and the bucket can
swing from Q° (parallel to the ground) -
90° (perpendicular to the ground) via a
push of a button.

Limitations and Advantages:
Limitations; lift height, lift capacity, its
non-adjustability, slow moving bucket
and there is no way to attach a snow plow to it.

Advantages; Moderate weight, Electronic controls, Moderate cost and does not interfere with
the mower deck

Figure 1: Johnny Bucket Jr. (2) \
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The Husqgvarna Front Scoop (fig. 2) is a
mechanical, hand lever operated, front-
end bucket loader. It attaches to the front
most extreme portion to the lawn tractor.
This system is less expensive than electric
and hydraulic by the utilization of simple
to use “man power” lever arms. This
system is not adjustable and only has a
200Ibs. lift capacity. The lift height is
rather short as well. Maximum lift is 5-7”
from the ground. One benefit of this
system is that it does not interfere with the
mowing deck.

Limitations and Advantages:

Limitations; lift height, lift capacity, \ Figure 2: Husgvarna Front Scoop (3)
mechanical lift mechanism, its non-

adjustability, many mechanical linkages and there is no way to attach a snow plow to it.
Advantages; light weight, low cost and does not interfere with the mower deck.
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The Koyker Loader Model 50 (fig. 3) isa
hydraulic front-end loader that is intended
to be used with lager tractor/lawn tractor
and/or tractor/lawn tractor without a belly
mounted mowing deck. The load capacity
is much greater than intended use. The
reach and lift height are suitable for
intended use. The cost is much more than
an electrical loader system. The loader
arms are detachable and the bucket is
removable as well but, is not intended to
be a “quick disconnect” accessory. The
systems maximum dump angle is 37° and

the digging depth is 3”.
Limitations and Advantages: www koykermfg.com
Limitations; non-adjustability, cost, non- | Figure 3: Koyker Loader Model 50 (4) \

quick disconnect accessories, must be

used with a larger tractor or with one that has no mowing deck and there is no way to attach a
snow plow to it.

Advantages; Lift and load capacity is appropriate, bucket reach and lift height is appropriate,
sealed hydraulic system
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Snow Plow research information:

The Craftsman 14 Snow Blade (fig. 4) is
a mechanical (lever arm) snow plow
system. This snow plow system is not
power and attaches to the front most
extreme portion to the lawn tractor. It
does not interfere with the mowing deck
and is light weight. The blade can swivel
from left to right to divert snow. Use of a
hand lever is needed to lift/lower plow
and a hand grip is used to release a pin so
that the plow may swivel left to right. The
blade/plow is removable with only one
person for maintenance but, is not
intended to be a “quick disconnect”
accessory. The scraper blade at the
bottom of the plow is removable to
rep|acement/maintenance_ Figure 4: Craftsman 14” Snow Blade (5)

Limitations and Advantages:

Limitations; mechanical lift mechanism, many mechanical linkages and there is no way to
attach a loader bucket to it.

Advantages; light weight, low cost, replaceable scraper blade, swivels from left to right and
does not interfere with the mower deck.
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The Johnny Snow Plow (fig. 5) is an
electric operated system. This system is
intended to be an add-on to the Johnny
Bucket Jr. system or can be purchased as
a whole system. It attaches to the front
most extreme portion to the lawn tractor.
It does not interfere with the mowing
deck. Its weight is moderate and the plow
does swivel left-to-right and up and down
for snow diversion. The movement is
done electronically but, is minimal and is
slow moving. All of the controls are
electronic and the plow does have a
removable/replicable scraper blade.

“
Limitations and Advantages:

Limitations; lift height, slow moving \ Figure 5: Johnny Snow Plow (6) |
Advantages; Moderate weight, swivels from left to right, Moderate cost (is more costly when
purchased independently from Johnny Bucket Jr. system) and does not interfere with the
mower deck

RESEARCH SUMMARY:
The interview and the major systems above, generate information that is used to develop
specific customer needs and possible features for this prototype.
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CUSTOMER NEEDS TO ENGINEERED FEATURES

CUSTOMER NEEDS/FEATURES

Initial customer features, listed below, are needed in order to zero in on what could be
potentially implemented into the design of the front-end loader. Below, in Table 2, are a
General List of customer features and a Condensed List to the right of it.

These two lists are the building blocks of the future function/features of the prototype. The
left side list offers ideas of features that could be implemented. These were developed from
research and potential personal needed features. The right hand side lists are words and/or
phrases that provide parallel thoughts towards the importance of the potential features.

Table 2: Initial Customer Features

General List:

Condensed List:
...Is important

Safety switch- will not be able to operate without
sitting on tractor

Safety

Snow plow will have a removal scraper blade

Ease of Maintenance

Hydraulic lever controlled
Easy to operate with simple instructions

Ease of Use

Be hydraulically driven

Will be able to attach/detach bucket/plow, also do so
with one person

Will be able to attach/detach hydraulics/mech. arms,
also do so with one person

One Person Operation

Lift 5-6ft of ground
Dig 1-5” into ground
Snow plow will be able to swivel left and right

The ability to perform operational and functional task

Uses of commercial and quality grade
material/components/fasteners

Durability/Reliability

Will be painted/powder coated for easy cleaning

Ease of Cleaning

Uses of current model tractor

Compatibility with Existing lawn tractor models

Ability to lift 400-500Ib load while staying in
temperature range of engine and hydraulics

Staying within the limits of the tractor
Bucket Capacity

Operate with reasonable speeds

Speed of Operation

Ability to lift 400-500Ib load while staying in
temperature range of engine and hydraulics

Operation temperature

Quick disconnect hydraulic lines for easy removal
Kick stand for lever arms so that it stands up after
removal

Ease of Storage

As seen above - The General list changed into the new Condensed List. The new list was
written to clarify a feature and it was written in such a way to keep parallelism between each
feature. Each feature from the Condensed List is to be read as, “Feature... is important”.
These are important to the potential function/design of the prototype. This new list is used in
the creation of the survey features for the prototype. The survey is seen in the category.
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SURVEY FEATURES WITH AVERAGES:

Figure 6 is a list of Surveyed Customer Features (see Appendix B). There were 22 surveys
returned and tabulated. The people surveyed ranged from engineers and business owners in
the construction and hydraulic industry, to engineers and business owner with a mechanical
background and to engineering student that would have insight to the design features of the
prototype. These items will help depict what feature and objectives will be utilized in the
design. They are listed from highest to lowest average rating.

Survey Feature/ltem Avg (out of 5)

Durability/Reliability 4.6

Safety 4.6

Ability to preform Operational Task 4.6
Ease of Use 4.4
Compatibility with current tractor models 41
Ease of maintenance 4.1
Overall Cost 3.9

Stay within limits of tractor used 3.9
Bucket Capacity 35

Speed of Operation 3.2
Operation Temperature 3.0

Ease of Storage 3.0

Figure 6: Surveyed Customer Features

The list above shows that the surveyed peoples deemed that Durability/Reliability should rate
the most important with an average of 4.6%. Ease of Storage is the lowest rated at 3.0%.
Even though there is a top rated and lowest rated feature the averages are not very far apart.
All of the features surveyed fall within the top 60%. There is not a distinctive most or least
important features to consider. There is only a 35 % difference between each feature.

A note: The survey sent out to be filled out and returned. The second portion of the survey
has been omitted. This section was for “Customer Satisfaction”. The section was placed on
the survey in order to receive information from individuals that have owned/used a front-end
loader on another device. Only 5 out of 22 surveys collected had this section filled out. There
were not enough data points from this section available in order to deem this information
valuable.
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PRODUCT/PROTOTYPE FEATURES WITH MODIFIED IMPORTANCE

A House of Quality or QFD (see Appendix C) is a tool used that utilizes survey results,
customer features and engineering characteristics to weights of importance to specific design
areas. Figure 7 illustrates these weights of importance and how they were derived.

Using the Designer’s Multiplier, it allows for the ability to slightly modify the results (+
20%). This modification is sometimes necessary to aid in the display of the designers thought
process for each function/feature of the designed prototype. The Relative Weight depicts the
importance of each function/feature. The importance may change the importance order of the
Prototype features.

Prototype Features Designgr's Modified Re_,-lative
Multiplier |Importance| weight %
Ability to preform Operational Task 1.2 55 11%
Ease of Use 11 4.9 10%
Durability/Reliability 1.0 4.6 10%
Stay within limits of tractor used 1.2 4.6 10%
Safety 0.9 4.1 9%
Bucket/Plow Capacity 1.1 3.8 8%
Compatibility w/current tractor Models 0.9 3.7 8%
Ease of Maintenance 0.9 3.7 8%
Owerall Cost 0.9 3.5 7%
Speed of Operation 11 3.5 7%
Ease of Storage 1.2 3.4 7%
Operation Temperature 1.0 3.0 6%

Figure 7: Features sorted by Relative Weight

The only features that were not modified were Durability/Reliability and Operational
Temperature. These features were not modifies because the results that came from the survey
were deemed appropriate for the design of the prototype.

All of the others were slightly modified with in the £ 20% range. The design features that
were modified positively were done so because these were functional features of the
prototype. The system needs to function as intended.

The other features, such as Safety, Compatibility, Maintenance and Cost may not directly
affect the functions/features of the prototype. Notice they were not significantly reduced.
These features were only reduced 10% out of the potential 20% maximum. The Designer’s
Multiplier is not intended to completely “Out-Do” the survey results yet, it is intended to
modify or adjust the result slightly toward some design objective.

10



Front End Hydraulic Loader for a Lawn Tractor Adam Dehne

ProbucT OBJECTIVES

The top weighted product objective is shown below. Note: There are 12 total objectives (see
fig. 9; also, see appendix D for more detail). The Top two Products Objectives are the most
important to the design and to the function/features of the prototype. The loader has to
function, period. This is what the main goal of the project and is also the top rated product
objective. Above are the listed features definitions for the objective, “Ability to perform
Operational Task”. The second most important objective is, “Ease of Use”. One person
operation and the use of hydraulic components with provide the system with easy functional
use.

Ability to perform Operational Task (11%6):

1. Lift bucket load of 400-5001Ib to a reasonable height to load into a ¥ Ton Truck bed

2. Dig 1-5in in to soft ground/soil (Note: weather and lawn conditions must be with in
tractors operational limitations)

3. Snow plow will be able to swivel left and right for snow defection

4. Dead lift load capacity from single point

Figure 8: Top Product Objective

The Relative Importance Percentage (fig. 9) was derived from the use of the QFD (appendix
C). These Product Objectives were developed in order to define the function/features of the
prototype by the designer. These are next building blocks for the front-end loader design.

The other 13 objectives are just important to the overall completion of the project but, they
have a lower importance weight for the prototype feature/functions. Below is a list of them.
The objectives title and importance weight for them are listed in bold text. A collection of
definitions created for each objective is below that.

Ease of Use (10%0):

1. One person operation
a. Attachments able to be attached and removed with one person of average size
b. Controls to be used with one person of average size

2. Controls will be within an appropriate reach of steering wheel for an average size

person
3. Hydraulics will be designed to be able to be use with tractors engine HP/Torque
4. Loader will operate when drive line is engaged

Durability / Reliability (10%0):
1. Bucket wear surfaces will be selected based on hardness
2. Utilize reliable components/material determined by safety/service factors and for
particular application requirements
3. All hardware used will be Grade 2 and higher

11
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ISR A

7.

All hoses, hard lines and fittings will be commercial grade

Fittings will not leak during test period

Loader (as a whole) will preformed intended functions during the test period (Note:
tractors durability/reliability will not be a determining factor of loaders
durability/reliability)

Also, See “Ease of Maintenance” No. 1-5

Stay within limits of tractor used (10%b):

1. Lift capacity (load units in Ibs.) at max height and reach may be 30% less than total
lift capacity (limits TBD)

2. Hydraulic components and sizes of them, will be assigned, dependent on space
available within tractor

3. Bucket load and loader lift capacity may change dependent No. 1-2 above

4. Tractor will move on level ground with bucket loaded

5. Also, See “Bucket Capacity” Note No. 1

Safety (9%):

1. Lift arm controls will not be operable when operator is not seated on tractors seat
(Note: Bucket may lower due to gravity/normal valve fluid bypass and leakage as
well as when lowering action is activated)

2. Bucket capacity will be sized so that at full load tractor will not tip

3. Loader drive system will not operate if its’ operator leaves tractor seat

4. Hydraulic fluid temperature can be monitored with a gauge

5. Hydraulic fluid filter/screen will be used in system

6. Loader arm kickstand will provide rollover resistance on flat ground

7. Components that rotate/move, have driven belt, have pinch points, that are hot to
touch and/or that have potential to injure the operator or other persons will have
appropriate guards and/or caution labels/placards attached (Note: any item that is
mentioned above (Safety No. 7) that is in an open area but, within the frame/chassis
will not be required to have a guard and/or caution label/placard)

8. Also, See “Stay within limits of tractor used” feature below

Bucket/Plow Capacity (8%o):

1. Goal: four-five (4-5) cubic feet for soil (Capacity created by average soil weight from
dry to wet (i.e. 100lb avg. per cu/ft)) Note: this is dependent on tractors abilities (i.e.
tipping factor and load capacity). Otherwise bucket capacity will be adjusted
appropriately.

2. Snow plow will be 10-14” tall and 38-42” wide

Ease of Maintenance (8%o):

1. All steel components will be painted or powder coated

2. Hardware will be Stainless and/or galvanized and/or painted or pre-coated with an
anti-corrosion

3. Sealed bearing will be use were applicably

4. Fluid filter/screen

a. A person with average hand size and arm length will be able to access it

12
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b. Uses of standard tools may be required

5. Grease fittings (applied to system where appropriate)
a. A person with average hand size and arm length will be able to access them
b. Uses of standard tools may be required

6. Snow plow will have a removal-able bottom scraper blade

7. Also, See “Ease of Storage” No. 3

Compatibility with current tractor models (8%0):
1. To be designed for Craftsman/Husqvarna series lawn tractor (similar but, not limited
to, item Craftsman Model #07128857000, Mfr. model #28857)

Speed of Operation (7%b):
1. Raise time unloaded < 6sec
2. Lowering time < 6sec

Ease of Storage (7%0):
1. Attachments detach from lifting arms using standard hand tools
2. Loader arm has ability to detach from tractor using standard hand tools
3. Loader arm has kickstand so that it does not roll/fall over after it is detached from
tractor (on flat, solid ground)
4. Hydraulic hoses have quick disconnect fittings (where deemed appropriate by design)

Overall Cost (7%0)
1. Prototype will be no more than 20% over projected budget.

Operation Temperature (6%0):
1. Fluid temperature to stay under manufactures recommendation

ProbDuUCT OBJECTIVES SUMMARY

The list is from 11% to 6%, which is the make-up of importance for each objective. There is
no clear winner or loser (Except for the top and bottom of the list). Only one percent divides
each objective. This makes for a good decision environment because all fall in order without
being too farfetched. Yet, since all of them are very close together that means many of them
may rely on its neighbor for success at a particular feature/function of the prototype.

13



Front End Hydraulic Loader for a Lawn Tractor Adam Dehne

PRODUCT/ENGINEERING CHARACTERISTICS WITH RELATIVE IMPORTANCE

Figure 9 depicts the Relative Importance between the function/feature of the prototype and the Engineering Characteristics.

The strongest relationship between them is Component Selection for the entire system. This relationship does make the most

amount of sense. Everything revolves around the selection of components in order to not only complete the project but, for it
to be a success and function properly.

There are 15 different Engineering Characteristics to consider. They all have been deemed to
have either a Strong, Medium or Weak relationship in relation to the Prototype Features in
Figure 7. The range of Relative Importance is from 14.60% (This majority is driven by
physical dimensions of the tractor and geometry of the load arms) to as low as 2.65% with
Collision & Abrasion Resistance.

Engineering Rel.
Engineering Rel. Characteristics | Importance
Characteristics | Importance Ralset?r:i lower 5319%
Component o
Repl bl
Selection 14.60% epaceabe 4.40%
Components
Load Capacity 14.49% Removable
Attachments/ 4.32%
Bucket Height o Accessories
and Reach 10.09%
Attachments/
Accessories Roll 3.58%
Weight 9.29% Resistance
Attachments/
Accessories 3.54%
Flexabilit
Size 8.64% exability
Sqfety and 3.30%
Material Senvce factors
. 6.92%
Selection .
Guarding and 2 659
Operation while Signage Rk
e li o
g:vea |2§ 6.23% Collision &
gag Abrasion 2.65%
Resistance

Figure 9: Relative Importance of Engineering Characteristics

The figure above does not show a list of characteristics of the system yet, an illustration of
how the features of the prototype with interact with them. Figure 7 and 8 are a very important
initial pieces of the proverbial puzzle we call this Senior Design Project. These two figures
aid in the initial steps to determine components/material cost and the budgeting for them.
Also, aids in particular design aspects for specific features of the loader system. Refer to
Appendix C.
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DESIGN

DESIGN ALTERNATIVE

Shown below, in Figure 10, are two different configurations considered for the Loader Arm
configuration. The configuration selected for the project is the Mitered Loader Arm. This is
mainly due to mechanical similarity to other researched loader arm system configurations.
This mechanical similarity is enough for the selection, even without other investigations. Yet,
in order to choose a winner between the two, other investigations have taken place.

Some other investigational items to note is that there is a higher probability that the straight
loader geometry will interfere with the tractors body panels. Also, the mitered configuration
may allow for longer lift cylinder to be installed. This is an important aspect in order to
achieve the desired lift capacity of the system.

Observe Location “A” (for both images) on figure 10. They are both the same approximate
heights yet, the two individual cylinder strokes are at different positions/rates. The straight
loader arm configuration is at 100% of its cylinder stroke; while, the Mitered configuration
cylinder is only at 80% stroke. Also, observe location “B”. These two heights are not the
same. The mitered systems height is approximately 25% higher than the Straight system. Yet,
both systems cylinders are at 50% stroke. This provides additional lifting potential needed
the desired lift height capacity.

o
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Figure 10: Straight vs. Mitered Loader Arm Configuration
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LOAD CAPACITY AND TIP OVER

Load capacity and tip-over are important considerations and calculations. Figure 11

illustrates the particular points of interest and their CG within the system. This figure aids in
the calculation of a maximum load capacity within the bucket at point “C”. The equations
used are shown below:

Without an operator seated:

@ Zmazo:(By*48")+(601b*48")+(4401b*25")+(36lb*6")—(2701b*3.5")—(22lb*34")—(581b*43")

IfBy=0
Then C =225 Ib.

—(C*43.5")

With an operator seated during operation of loader system:

@ Zma=0:(By*48")+(1801b*48)+(601b*48")+(440lb*25")+(36lb*6")—(270lb*3.5")—(22lb*34")

If B,=0

Then C =425 Ib.

—(581b*43")—(C*43.5")

= |—>®

Therefore the theoretical load capacity is 425 Ib. Yet, due to potential load applied to the
tractors axels and the designed loader arms, the Maximum load capacity will be 350Ib.

Figure 11: Systems Center of Gravity Points of Intrest

elwliCs e
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MECHANICAL SYSTEM OVERVIEW AND SoLID MODEL

There are five main components within the mechanical portion of the loader system. Figure
12 illustrates these components at ground and maximum reach positioning. Figure 13
illustrates a front Isometric view of the mechanical system. See Appendix F for Dimensional
Drawings of individual components that make up the Mechanical Systems Assembly and
Sub-components.

Loader
Arms

Accessory
Mount

Bucket

Loader Arms
Supports

Figure 12: Two position Side View of loader system

Figure 13: Front Isometric View of Loader System
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BUCKET

The “Bucket” has an approximate volume of 2.75ft* and an approximate weight is 50Ib.
Also, it is designed to have a “Quick Disconnect” feature, in conjunction with the “Accessory
Mount”. This is for ease of storage and for future use of accessories. This function utilizes
the two upper “Hooks” on the back of the bucket and the two lower “Pin Holding Tubes”.
These are illustrated in figure 14 bellow. See Appendix F for Dimensional Drawing of
individual components that make up the Bucket assembly.

Mounting Hooks

Pin Holding Tubes

Figure 14: Back Isometric view of the systems Bucket

The buckets main function is to scoop loose mulch, soil and gravel. The load capacity of the
whole system is 3501b and is intended to be an even load distribution with in the bucket. The
buckets physical design was done so that it will be able to scoop a full bucket of dry clean
gravel. This would be heaviest and worst-case scenario.
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BUCKET ANALYSIS

Figure 15 below, is a COSMOS FEA image of the designed bucket for the system. You are
looking at the bottom of the bucket in order to see the large majority of stress being applied
This analysis was done with a fully loaded and evenly distributed loading situation.

,« Distributed ‘.
350lb Load

in Bucket
(gravity is applied as
well)

Figure 15:FEA of Bucket

The Yield of the material is 350Mpa and the largest Stress being applied to the bucket is
90Mpa. This provides a large safety factor for this component.
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ACCESSORY MOUNT

The “Accessory Mount” is an intermediate between the Bucket and the Loader Arms. It
weighs about 221b and has the mating feature for the buckets “Quick Disconnect” functions.
It also connects to the Bucket Hydraulic Cylinder. Just below the cylinder mounting plate is a
“Dead Lift” point so that the Loader could lift the total load capacity at a single point. Figure
16 shows the Accessory Mount and its features. See Appendix F for Dimensional Drawings
of individual components that make up the Accessory Mount assembly.

Cylinder
Attachment Plates

Figure 16: Back Isometric view of the Systems Accessory Mount
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ACCESSORY MOUNT ANALYSIS

Figure 17 below, is a COSMOS FEA image of the designed Accessory Mount for the system.
The material Yield is 250Mpa and the largest stress observed is 17Mpa. This provides and
large safety factor for this portion of the mechanical system.

350lb
Distributed
Load

Figure 17: Accessory Mount FEA

350lbLoad on
15" Case-
hrardened Pin

Ctor approx. 11.§|

Figure 18: System Dead-Lift Point FEA

The FEA done for the Dead-Lift point for the system is shown in figure 18 above. The
analysis was done on a hardened '5” pin. A full 3501b load was applied and supply a safety
factor of 11.
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LOADER ARMS

The “Loader Arms” provide the primary movement for the system. They have a central
loader arm “Cylinder Attachment Plate”. The configurations of the arms are such that they
provide enough height to raise the Bucket to the desired lift height. The “Cross Beam” spans
between the two arm to aid in the prevention of twisting under a load. Figure 19 shows both
the Right Side Loader Arm and the Cross Beam that spans between the two arms.

Loader
Arm

Cylinder
Attachment
Plate

Figure 19: Cross Beam and Loader Arms

See Appendix F for more information and dimensional Drawings.

22



Front End Hydraulic Loader for a Lawn Tractor Adam Dehne

RISERS

The “Riser” is the intermediate between the Loader Arms and the Loader Arms Supports.
They also provide a “Quick Disconnect Feature” for easy of storage while not in use. Also,
the Riser provides the opposing cylinder attachment plates for the Loader Arm cylinders. A
special note for the Risers is that even though the physical outside dimension of the
rectangular tube stock is the same as all the rest, the wall thickness is larger to aid in Safety
Factor for this component. Figure 20 illustrates a single Riser.

Cylinder
Attachment Plates

Disconnect “Pin”

/ Bushings

Figure 20: Front Isometric view of a single Riser

See Appendix F for more information and dimensional Drawings.
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LOADER ARMS SUPPORTS

The Loader Arm Supports (LAS) are the main attachment and support feature for the
mechanical system. They are designed robustly in order to support the loader arms which are
counter levered from the frame. The weight of both LAS’s, the Loader Arms and Risers are
about 270Ib combined. This bring the total weight of the mechanical system (minus all
fasteners, hardware, cylinders, hosing and fittings) to approximately 340lb. Figure 21 shows
an individual LAS.

Figure 21: Back Isometric view of an individual LAS

See Appendix F for more information and dimensional Drawings.
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LOADER ARM ASSEMBLY ANALYSIS

In Figure 22 below, COSMOS FEA was done on the Loader Arms, Risers and LAS’s
together. The load applied to the arms is a combination of the full load capacity, the weight

of the bucket and the accessory mount. This developed a load of 212Ib that was applied to
each arm.

212lb force on
each loader arm

Figure 22: FEA of Loader Arm Assembly

Stressin
Mpa

System Main Concern
"Riser” Safety Factor
~16—
Yield of material
250 (Mpa)
Stress shown

170 (Mpa)

281,
255,
229,
204,

178,

Tractor Main Concern
Front Axels

Figure 23: FEA of Riser with Factor of Safety Concern

Shown in Figure 23, the Factor of Safety of Concern for the mechanical portion of the system
is within the Risers. This is the location of the highest bending moment. Also, note that the
tractor itself is not undergoing testing per-say but, some concerning factors have to
considered. The front axels are main concern for the tractors existing structure. Review the
Testing and Proof of Design section for more information.

25



Front End Hydraulic Loader for a Lawn Tractor Adam Dehne

MECHANICAL SYSTEMS PINS AND BUSHINGS

Pins and Bushings have been selected and designed for fabrication for the longevity of
fulcrum points within the system. The use of purchased 0.75” hardened pins and two

different machined 1.25”0OD bushings will aid in the material ware resistance at these points.

They also will provide some additional strength to these stress concentration locations.

Two Different
1.25”0D Bushings

Figure 24: Riser with Machined Bushings

Figure 24 above, shows the bushings installed in a small selection of material within the
“Riser”. There will be a total of 36 machined bushings for the system. Also see Appendix F
for dimensional drawing.
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HYDRAULIC SYSTEM OVERVIEW

The hydraulic system consist of a pump, 3 dual acting cylinders, joystick controller, flow
divider, hosing, pulleys, belts, hardware, fasteners, fittings and gauges. This portion of the
system provides the physical movement to the mechanical portion.

This section will provide insight on the hydraulic components themselves as well as selection
methods for them.

Pump

The “Pump” is the heart of the hydraulic system and will be driven by a single groove, cast-
iron, V-Belt pulley. This particular pump is manufactured by DYNAMIC and has a 0.49 in®
displacement. Figure 25 shows the unattached pump. It is a gear pump that rotates in the CW
direction. Its pressure rating at 2000RPM is 2900psi. It also has a maximum pressure rating
of 3480psi at 4000RPM. Also to note, is the GPM of the pump, it is 4 GPM at 2000RPM.

Some of the parameters that revolve around the selection of this pump are:
1. Its small physical dimensions. The size is 4" x 4-1/32" x 3-5/16" with a 4” shaft. It
was chosen because of the limited space where the pump will be mounted.
2. Its GPM and Pressure Rating
3. Its low weight of 7 Ib.

Figure 25: Hydraulic Pump
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Two GROOVE V-BELT PULLEY

A fabricated Two Groove V-Belt Pulley will drive the pumps supply pulley. The two groove
pulley will replace the tractors current differential supply, single groove pulley.

There is a belt that spans between the engine and the rear differential of the tractor. The
current belt and pulley system can provide the rotational power supply for the additional
hydraulic system being applied. This is by replacing the single groove pulley with the two
groove pulley. A belt will be supplied between the new two groove pulley and a single
groove “Pump Supply” pulley. See Figure 26 for an image of the fabricated two groove
pulley. Also, see Appendix F for dimensional drawings.

A special note about the design of this pulley is that it will have a pressed-in “Hub”. This
Hub will be cannibalized from the single groove pulley mentioned above. This is to eliminate
a special splining procedure within the bore. The shaft that the pulley is being placed on has
an irregular spline and replication would be costly. Also, the design provides a prevision for
mounting the differential fan to the top of the pulley using the six threaded bolt holes.

Threaded bolt holes for
differential fan

Figure 26: Fabricated Two Groove Pulley

This pulley was created with the use of physical measurements from the current single
groove pulley and use of the Machinist Handbook. It is basic physical size is 4.25” OD x 1
7/8” tall. The design of this pulley was done so that it does not change and/or affect the
current tractors drive system.
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SINGLE GROOVE V-BELT PULLEY

The Single Groove V-Belt Driven Pump Pulley and belt arrangement was chosen to keep
with the tractor current belt configuration. Figure 27 shows the unattached pulley. A
particular size of pulley was needed to apply a desired speed of about 2000RPM to the new
hydraulic pump. This speed is driven by the pumps Normal Operation rating and the
hydraulic cylinder pressure rating. The equation used to prove the pulley sizing is shown
below.

Pulley Diameter/RPM Calculator Equation:

Driving RPM

DrivenRPM Driving Pulley Diameter = Driven Pulley Diameter

Optimum Pulley Diameter:

3450 RPM

m x 4.25" Dia ~ 7.25" Dia

Realistic Driven Pulley Diameter and RPM Goal of 2000 RPM:

3450 RPM

6" Dia * 4.25" Dia =~ 2444 RPM

Figure 27: Pump Pulley

The Realistic Driven Pulley Diameter is 6” OD. This is the largest retail available pulley
found with a '4” bore. This is why it has been selected and will be utilized.
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CusToM IN-LINE BELT AND TENSIONER

The V-Belt that is used to provide torque and rotational movement to the hydraulic systems
pump, in general, is an “A” size “V-Belt”. The size of an “A” V-Belt is 14” by 5/16” (Shown
in Figure 28). This is the same size used in the existing tractors driveline and mower deck.

L2

A

Figure 28: V-Belt Dimensions and Image

In most outdoor applications a special type of belt is needed. These belts are denoted as
Tractor V-Belts or Kevlar V-Belts. These feature Kevlar cords for strength and premium
durability. Figure 28 also show the belt used for the hydraulic system. The length of the belt
is 37 inches in circumference.

The In-Line Tensioner (Shown in Figure 29) was custom made to work in the confined
spaces of the tractors chassis. Just like the 2-Groove Pulley, this tensioner was unable to be
purchased. Some specific dimensions and criteria were needed in order for the tensioner to
work as intended. One such criterion is the amount of extension and the ability to oscillate in
order reduce vibrational and torsional shock under load.

= ¥ | Brass
Idler "y 3 Thrust
dle 1 Washer
Pulley ‘ S

Figure 29: In-Line Tensioner

This tensioner is made up of 12 components. Four (4) of them are fabricated and the others
are “Off-the-Shelf”. The tensioner extends by threading the 5/8” Nut and Jam Nut, on the
5/8” fixed tie-rod, toward the “Hub Shaft”. A brass Thrust Washer is in-between the Nut and
the Hub Shaft. This configuration allows for the oscillating movement. Also, attached is a
“Flat Faced” ball bearing idler pulley.
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HYDRAULIC CYLINDERS

The Hydraulic Cylinders will physically move the loader arms and the bucket. They have a
maximum pressure rating of 3000psi. Also, the speed of the operation has to be considered.
Figure 30 shows an unattached cylinder. Also, see Appendix F for a dimensional drawing.

The cylinders chosen were done so by systems operating pressure bore size for speed of
operation, lift capacity, geometry, and configuration of the loader arms and physical
mounting points of the mechanical system.

There are three, of the same, cylinders used in the system to help keep a modular build. The
maximum stroke lengths of the cylinders are 10” each. The bore size is 1.5” and the rod is 17
OD. At 3000psi, each cylinder can produce a hydraulic force of 5300Ib.

Figure 30: Systems Hydraulic Cylinders

This systems defined speed of operation is that; from the ground, an unloaded bucket has to
lift to its maximum lift capacity and/or the cylinders maximum stroke length within 6
seconds. The equation to prove that the two loader arm cylinders will operate at or under this
speed is shown below.

Loader Arm Cylinder Extension Rate (time to extend fully)

(Volume of cylindery * 0.26) + (Volume of cylinder, * 0.26)

GPM of pump
9.189 29
3 = 29sec

The solution above illustrates that the unloaded bucket will be able to rise to it maximum
height with a safety factor of two. This safety factor may also allow for the bucket to rise to
its maximum height requirement in a loaded situation within the desired lift time.
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HYDRAULIC CONTROLLER

The “Joystick Controller” is a 2 spool controller that supplies fluid to the loader arm
cylinders and the bucket cylinder independently and/or simultaneously. This was the main
feature that contributed to its selection. It also was chosen due to it port sizes (SAE 6 and 8),
its maximum flow rate of 10GPM and its adjustable 3000psi system relief valve.

Figure 31: Hydraulic Joystick Controller

The controller will be mounted on the right hand side of the tractor near the steering wheel.

It

will be within reach of an average sized male. See figure 31, above, for an illustration of the

controller. Also, see Appendix F for dimensional information.
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FLow DIVIDER

The hydraulic system needs a “Flow Divider”. This is to aid in the resistance of twist within
the loader arm assembly. The twisting action may be introduced if the loading condition
within the bucket is uneven. The large majority of the twist resistance come from the
structure of the loader arms and the cross beam between them. Yet, the Flow divider within
the hydraulic system acts as an additional safety devise. Figure 32 show a cross-section of the
“Flow Divider”.

L
©
| fit

Figure 32: Flow Divider Cross-Sectional View

This particular Flow Divider is manufactured by a HydraForce. It is a spool/cartridge style
flow divider. It has a working pressure of 3000psi and has an Aluminum body to aid in
corrosion resistance for the system. It can flow and regulate the pressure between the two
loader arm cylinders. On the up stroke of the cylinders the flow of hydraulic fluid enters port
No. 3 and is split into two sections. The flow diverges with in the unit and exit out of ports 2
and 4. All three ports are SAE 6 size and style ports. See Appendix F more information and a
dimensional drawing.
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HYDRAULIC HOSE AND FITTINGS

Commercial grade Parker hose and fittings are going to be utilized for the fluid transfer
within the hydraulic system. The large majority of fittings are O-ring seal style. This type of
sealing is much more durable and provides a high seal pressure capacity as well as longevity
of the fitting and seals within. Figure 33 shows the Parker Tough Cover hosing that will be
utilized within the hydraulic system. Figure 34 show Face-Seal and SAE O-Ring Style sealed
fittings.
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Figure 33: Example of Parker Commercial Grade hydraulic Hose

This style hose has a working pressure of 4000psi and is doubled braded for burst resistance.
These hoses have a built in safety factor of 3 from the factory. Also, the systems operating
pressure will be 3000psi, which provides an additional working safety factor of 1.3. The
safety factor is 4.3 for the hosing. The system will utilize a 3/8” hose sizing that allows for
up to 7GPM of fluid flow.

Face Seal Fitting

SAE Style Seal
Fitting

Figure 34: Example of Parker O-Ring Style Fittings
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FABRICATION AND ASSEMBLY

There are some special procedures and components that were needed to complete this
prototype. Some of the special procedures involved parts and components to be machined
with the use of CNC Milling and also, manual milling machines. Other parts and components
were created with the use of a CNC Lathe and also, manual Lathe processes. A large majority
of parts and components used CNC Plasma Cutting techniques that allowed for items to be
designed and then rapidly cut out to a rough dimension.

All of these parts and components were later cleaned, shaped and assembled in to sub-
assemblies and then full-assemblies, if needed. These assemblies were fabricated with the use
of welding and mechanical fasteners. The use of other Machine Shop equipment was also
used in the preparation, fabrication and assembly of this front-end bucket loader prototype.
Below are a few parts and/or components that utilized some of these special procedures.

2-GROOVE V-BELT PULLEY

This Pulley needed to be custom made because the shaft that it rides on. It has an irregular
18-Spline arrangement. Currently, there are no “Off-the-Shelf” pulleys that come in this
particular arrangement. Yet, with proper planning, equipment and machinery, a solution can
be created with the use of in-house equipment, instead of outsourcing an expensive custom
splining procedure. Below are the basic steps and procedures used in order to create this
special component.

1) Manual and computer analysis started the process. Later, Solid Modeling was
completed to provide further analysis. Finally, a concluding subsequent drawing and
solid model was created so that the part could be produced.

Figure 35: 2-Groove Pulley Solid Model
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2) Next, a plaster Rapid Prototype was produced. This allowed for a physical part to be
used to aid in the “Mock-Up” and measurement of other components that work in
conjunction with the pulley. This prototype pulley can be placed onto the shaft that
the actual pulley will be placed. This provides a real-world scenario for measurement.
This plaster prototype was created in three days were the final metal pulley will take
in upwards to five weeks to fabricate.

Figure 36: 2-Groove Pulley Plaster
Prototype

3) Final fabricating steps: An Aluminum pulley was “Turned” with the use of a CNC
metal lathe and program. Also, the splined “Hub” is cut out of the preexisting single
groove pulley to be final “Turned” and then pressed into the new Aluminum pulley.
In order to decrease the potential of the pressed-in Hub spinning loose from the Al
pulley; set screws were fastened into place. The use of “lock-tight” and tightening

them down secured the Hub from spinning.

Figure 37: 2-Groove Pulley CNC Machined

36



Front End Hydraulic Loader for a Lawn Tractor Adam Dehne

LOADER BUCKET

The Loader Bucket has a number of different machining and fabrication elements to its
creation. The use of a CNC Plasma cutter, CNC Milling Machine, CNC Lathe operations
were used to make some of the components need to assembly the bucket. Other machine
shop equipment including TIG and MIG welding was utilized.

The CNC plasma cutting was used to create the main body components and the entire
supporting and ware brackets system. Figure 38 shows the bucket being assembled and
welded together. :

Figure 38: Assembly of the
Bucket

The CNC Milling Machine was used to make the “Quick Disconnect Hooks” which mount
onto the Accessory Mount. Also, it was used to bore the 1.25” holes into the rectangular
tubing in order to fit the steel bushing (Shown below in Figure 39). The CNC Lathe was used
in the making of the steel bushings.

Figure 39: Milling Operations used for
the Bucket

The bucket as well as all of the other assemblies, created to complete the Loader System, was
made with the use of these special procedures. Also, a large majority of the system was
assembled with the use of welding equipment as well as other particular assembly and
fabrication techniques.
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TESTING AND PROOF OF DESIGN

ROLLING FEATURE TESTING

This particular type of testing involves the tractor moving around and moving/working the
loader system as intended. This type of testing allows for the loader system to not only work
the mechanical systems (i.e. providing movement of loader arms and bucket) but, also the
initial function of the hydraulic system.

There are a number of different sub-systems that have to work and function properly (mainly
in the hydraulic driveline and within the hydraulic system itself) in order for the larger more
obvious mechanical components to work properly.

Figure 40: Picture of Completed Prototype During
Rolling Testina

The rolling test involved adjustment of the hydraulic drive belt as well as to the hydraulic
controller. The belt needed to be tensioned properly so to reduce slippage during high
pressure/torque loading conditions. The controller was adjusted during the same time frame.
The controller’s output pressure supply is able to be adjusted from 800-3000psi. The
operating system was adjusted close to 3000psi.

The GPM and Pressure of the system will be about 5.5gpm and 3000psi respectfully. These
inherent features of the systems not only allow for the cylinders to move quickly enough but,
also allow for enough force to be supplied during a loading condition. A successfully Rolling
Test was observed.

38



Front End Hydraulic Loader for a Lawn Tractor Adam Dehne

FuLL LoAD TESTING

During this portion of the prototype’s testing, a full 3501b load is applied to the system.
Earlier in the Design portion for the report, a key concern of whether the front axels, of the
tractor, would be able to support a fully loaded system arose. A very short FEA
analysis/study was done on the axels but, the specific material that the axels are made of is
still unknown. The study was complete and the axel analysis showed that they may fail under
a full “Dynamic” load. So even though the axels may not fail, precautions were implemented
to insure a successful Full Load Test.

The testing allowed for two different but, similarly integrated features/functions to be tested
at the same time. These two features include being able to lift a maximum of 350lb and also
to be able to lift at a single “Dead Lift” location. A metal bin was used (Shown in Figure 41)
to hold the supplied weight. The bin was sitting on a scale to measure the amount of weight
being supplied to it. While the operator was seated on the tractor, 360lb (10lb over the
intended maximum load) was successfully lifted by the loaded. Successful use of the Dead-
Lift feature/location was also observed.

Figure 41: Tractor During Full Load Test

A special note for the Full Load Testing: The new front-end loader prototype is the intended
system to be tested. Testing the tractors ability to with stand the loading test is not the main
concern. With that being said, there were numerous studies (in general) completed to make
sure that this prototype will function, as intended, with the selected tractor.
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PROJECT MANAGEMENT

SCHEDULE:

This is a working schedule for the project starting at Oct 23" through June 9™ The actual
schedule will be updated and is depicted, in full detail; at Appendix E. Table 3 below is a
condensed version project schedule.

Part 1: There are three tasks before winter break. These three tasks entail some basic
measurement, concept sketches and a proof of design for faculty/project advisor. All three of
them have a finial due date of November 23".

The eight other tasks are specific to design and solid modeling for the loader non-hydraulic
components. They entail basic calculation, tractor breakdown with measurements, an initial
mechanical components selection, frame reinforcement/attachment points model, loader arms
model, accessories attachment configuration model, bucket model, snow plow model and
COSMOS/FEA completed on these models.

Part 2: The first six tasks in the Winter Quarter are design and solid modeling tasks. The
seventh task is the design freeze date which is February 4™. At this time no major design or
component changes can occur.

Raw and standard material may be ordered when it is appropriate. During the winter quarter a
multitude of items and components will be drawn and evaluated and once something is
completed basic and major components/mater may be ordered.

The winter report and oral presentation will take place on the week of March 3. Machining,
fabricating and assembling components commence during the week of February 5™ and will
continue until the 21* of April.

Part 3: The final tasks of the project and are in the Spring quarter. The project/system must
be completed by the 27" of April. The Prototype Testinqq, Demo to Advisor, Demo to Faculty
are in the month of May and are on the 10", 12" and 19" respectfully.

The Spring Written and Oral Report will be work on starting the week of April 15™ and will
be completed on the 2" of May.
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SCHEDULE CONT.

Table 3: Scheduled Tasks

Adam Dehne
Front-end loader for lawn tractor ] o o
o E g > 5
g 9] £ © ] S —
8 > 8 > _E = = > [J)
5] ° ] c 3 © oy © c
TASKS e} =4 [a) 8 w = < = =
Basic Measurement, Concepts Sketches,
Proof of Design, Fall Report _ Key
Basic Calculation, Tracotr measurments, Planed Project Events
Initial Component Selection _ Actual Project Events
Mechanical Soild Models, Cosmos FEA —
Hydraulic Component Selection, Soild
Models, Cosmos FEA I
Design Freeze .
Raw/Standard Material/All Components
Ordered I
Winter Written and Oral Repots _
Machining an Fabrication |
System Complete, Final Testing -
Demo to Advisor and Tech Expo .
Spring Written and Oral Reports -

PROJECT SCHEDULE SUMMARY

The major tasks for Part 1 are Proof of design (Nov. 23"), Tractor Breakdown with
Measurements, Solid Modeling and FEA being completed January 26™.

The major tasks for Part 2 are the completion of solid modeling and FEA of the hydraulic
system. The Design Freeze for all major design systems and components is scheduled for the
4™ of February. The Winter Report and Winter Oral Presentation will end on the 3" of
March. All material and components to be ordered and the commencement of fabrication all
happen during this Part 2.

The major tasks for Part 3 are the completion of the prototype and testing it during the test
period. Other major tasks are the demonstration of the prototype to the faculty and to the
advisor. One of the finial task due dates is the 2" of May. This is when the written report is
to be turned in to the faculty.

Please note: Table 3 above is a condensed version of the actual schedule. For more detailed
information please see Appendix E.
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BUDGET: PROPOSED

This is a working budget that was created by going through the basic thought process of the
build. The expectation is that this proposed budget is at least 10% over what should be
budgeted. Since a design of the prototype has not yet begun some items have been over
budgeted for the unknown. Table 4 shows the main categories and funds budgeted for them.

The current proposed budget for the front-end loader prototype is just over $9,700 (See
Appendix F). There is a cell for every True Expenditure that will not only show the percent
difference but, it will also automatically deduct what was spent from the remaining budget.

Table 4: Proposed Budget Overview

Percent of
Category Est. Total (USD)| the total
budget
|
Hydraulics $4,772.58 48.9%
Tractor $1,700.00 17.4%
Loader Arms $1,369.25 14.0%
Loader Arm Supports $345.75 3.5%
Snow Plow $344.00 3.5%
Additional Rear Weight Added $320.00 3.3%
Bucket $305.00 3.1%
Potential Axel Reinforcement $223.00 2.3%
Other $110.00 1.1%
Other Raw Material $100.00 1.0%
Other Miscellaneous $100.00 10%
Components
Potential Frame Reinforcement $78.00 0.8%

The main categories are seen in the table above. They are Hydraulics, Loader Arms, Loader
Arms Supports, Bucket, Snow Plow, Additional Rear Weight Added, Potential Axel
Reinforcement, Potential frame Reinforcement, Other and Tractor.

The hydraulics encompasses almost 50% of the budget. Some of the components include a
pump, lift cylinders, hose and fittings. The second biggest percentage is the lawn tractor
itself. This tractor was selected because of its size, features/functions and overall cost. The
third largest category is the fabrication of the loader arms. A large amount of the funds
needed are in the build material.

The rest of the categories have a much smaller percentage. From 3.5% to 2.3% is the most
crucial in this grouping. This is the other designed and fabricated components. Such as the
Snow Plow, Lift Bucket, Rear Weight to help prevent tipping and Potential Front Axel
Reinforcement in order to carry the load.
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BUDGET: ACTUAL

Table 5 below is a condensed version of the total budget. There are five main categories. The
top three are Raw material, Hydraulic and Tractor. Overall spending for the project had a
35.5% difference between the initial budget. This lowered the budget spending from $9,700
to just under $6,500.

Table 5: Actual Budget, Condensed

Donated or Owned
Category Est. Total (USD) .
Material/Components
Raw Material 1,950 225
Hydraulics 1,900 1,000
Tractor 1,700 1,700
Other 530
Miscellaneous toolng/items 225
Total 6305 | 2,925
Total Spent $3,380

With the aid of Sponsorships, donations and personal material/components, the actual
spending was just under $3,500. An important key note is that the Budget and actual
spending number are artificially low. This is due to the fact that there were no costs for large
tooling expenses or CNC Milling, Turning and Plasma Cutting Operations. The initial budget
did not account for these items either.

All of the items/components that needed this type of operation were completed at no charge.

This was understood in the very beginning of the project and was completed as such.
Subsequent spending charges were not recorded or denoted within the project budget.
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CONCLUSION

This is a project that involves many disciplines and all had to be well planned out in order for
the successful completion of the project to occur. The largest and most important feature of
the prototype (noted in the Product Objectives) was the ability to perform its intended
operational tasks.

The Loader system is able to perform as intended per the design. After further testing the
bucket cylinder was flipped 180 degrees to avoid the bucket and at the same time provided a
hard stop. Also, after the hydraulic controller was adjusted and the new belt was tensioned
properly the system is able to lift the 3501b load to desired height of 55 inches. The hydraulic
system works as intended and there were no leaks during the testing period. Also, the tractor
does not tip over during full loading and the mower deck is still fully functional.

This project was completed by one person in the allotted time frame given. It has been very
well received by the Engineering faculty and peers. All of the sub-components work as
intended and the Front-End Bucket Loader Prototype and the Senior Design project, as a
whole, have been deemed successes.

RECOMMENDATIONS

Note: This Front—End Loader Bucket Prototype was designed and fabricated by myself with
personal and Machine Shop equipment available to me. The use of more specialized
equipment would be preferable if the design and system were to be created for mass public
sales. Below are a few numbered items that could be recommended if this prototype were to
move into future manufacturing phases.

1) The use of the CNC Plasma cutter was very beneficial but, | would recommend the
use of a Water Jet machine, if possible or available. There were many days devoted to
the cleaning, shaping and dimensioning the parts that were cut out using the CNC
Plasma machine. This is because the machine could not hold a close tolerance with
the thicker material used. Even though the material used stayed well within the limits
of the machines capabilities.

2) A great deal of preparation, in general, was used while welding all of the assemblies
together. This is because as the metal has a tendency to move and warp during the
welding process. Even though this prototype has been created and works as intended;
the use of custom/special holding fixtures would be recommended if this prototype
were to be manufactured for a larger scale.

3) Thisis a very large project for one person to take-on. It requires many different
fabrication, assembly and design practices in order to be accomplished. If there is
another project of this size, in the future, a suggested minimum of two people should
be allowed.
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APPENDIX A — LOADER/PLOW REASEARCH

Interview with customer, Sept. 25, 2011
John Dehne, Home owner, 5498 lakefront drive, Cincinnati, OH 45215
Snowplow info:
e Would like the plow to be able to swivel, lift up and down, have some form
of rollers or rubber/nylon skid bar on the bottom of plow
e Will store plow when not in use, must be light weight so that one person can
move
Bucket info:
e Size to be under a cubic yard
e Light weight, under 100Ib so that one person can move
e Minimum bucket movement 30° £ for parallel to ground
Hydraulic and mechanism info:
e After initial installation; does not have to be able to remove. Only
attachment(s) need to be removable
e Minimum two (2) feet lift from ground and max lift of five and one half
(5.5) feet from the ground
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http://www.johnnyproducts.com/ Electric operation
J_Bucket HTMs/JBpage Jr_Craf o
tsman-LT.htm, 9/24/11, Johnny Only 200 Ib load limit
Bucket, electric front end loader

Only 10” lift height
Mounts to front of frame

Does not interfere with
mowing deck

Bucket moves from 0-90°
only

Light weight

(2

i3 AR

Installs in Minutes After installing the included adaptor hitch and control wiring to
the tractor, the Johnny Bucket Jr (JBJr) attaches with just a few clips and pins.

Independent Lift The JBJr has it's own dedicated electric lift system. To lift or
lower, just press the toggle switch. It couldn't be easier.

Leave the Mower on!! Can be left on since the Johnny Bucket Jr. doesn't interfere
with mowing deck or it's lift system.

Down Force Pressure The JBJr has just as much down force pressure as it has lift
capacity. It works great for scraping and back dragging.

Two Attachments at Once. You can run a rototiller simultaneously to dig up and
loosen dirt and come back with your JBJr to move it away. Perfect for making
gravel walkways, driveways or ditches. The possibilities are endless. (rototiller not
included)

Practically Eliminates The Wheelbarrow. Instead of loading the wheel barrow
by hand and then having to maneuver it up and around treacherous terrain, the JBJr
will scoop and transport any material without, YOU THE USER, ever leaving your
seat. Now, you can tackle those big weekend landscaping projects in a fraction of the
time and effort.

Ease of Lifting and Dumping. The JBJr Can be easily lifted and dumped with just
a press of the included toggle switches.

Width: 42"

Height: 10"

Depth: 14"

Over Travel: 4"

Approximate Capacity: 2.5 cubic feet.
Maximum Weight Capacity: 200 Ibs.
Down Force Pressure : 200 Ibs.
Weight: approximately. 100 Ibs

Price: $ $1789.90
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http://www.mowersdirect.com/Im
ages/Husgvarna-531-30-71-
68/i4599.html 9/21/11,
Husqgvarna Front Scoop, Mowers
Direct

Easily Haul Loose Dirt, Rock Or Mulch

*Scoop measures 36" wide x 14" deep x 12" high
+200 Ib. load capacity

+Great for spreading sand

*Move heavy rocks or bags of soil and mulch

Operate Right From The Tractor Seat

«Lift, lower and dump using easy to reach ergonomic handles
*Bucket raises 5 to 7 inches from the ground

*Bottom of bucket can be used for leveling

Mower Deck Does Not Have To Be Removed To Use
Tire Chains & Weights (sold separately) Recommended
Fits All Husqvarna Consumer Tractors Model Year 2006 And

After
Price $700

Less expensive than
electric/hydraulic units

Simple to use (man power)
Not powered

Not adjustable

Lots of Mechanical linkages

36" wide x 14" deep x 12"
high

Only 200Ib load limit

Only raises 5-7” from
ground

Does not interfere with
mowing deck

Mounts to the front of the
frame
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Good amount of

http://ww.koykermfg.com/index.php/pr capacity from bucket

oducts/loaders/info 9-23-11, Model

number 50, Koyker manufacturing Good amount of lift
and power to do so

Cannot be used with
mower deck

Use with tractor that
is larger than
intended use

Hydraulically driven

Built to suit from
manufacturer -
unknown price

Used for larger items

www. koykermfg.com f:lnd area than
intended use

MODEL 50 ASABE INFORMATION

Bucket Size 3ft. 6in.
Rated Flow 4 GPM
Maximum Pressure 2000 PSI
Lift Cylinder Diameter 11/2in. Bore
Attachment Cylinder Diameter 11/2in. Bore
Tractor Horsepower Range 10-25
Maximum Lift Height To Pivot Pin 5ft. 10 in.
Lift Height Under Level Bucket 5ft. 3in.
Clearance With Bucket Fully Dumped 41t 4in.
Reach At Maximum Lift Height

Maximum Dump Angle 37 Degrees
Digging Depth 3in.
Overall Height In Carry Position 3ft.8in.
Lift Capacity To Maximum Height At Pivot Pin 700 Ibs
Lift Capactity To Maximum Height 19.7" Forward Of Pivot Pin 470 lbs
Breakout Force At Ground Line At Pivot Pin 1240 Ibs
Breakout Force At Ground Line 19.7" Forward Of Pivot Pin 870 Ibs
Raising Time 3 seconds
Lower Time 2 seconds
Attachment Dumping Time 3 seconds
Attachment Rollback Time 2 seconds
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http://www.sears.com/shc/s/p_10
153 12605 07124441000P?sid=I
Dx20070921x00003a&ci_src=14
110944&ci_sku=07124441000P,
9/26/11, Craftsman 14” snow
blade, sears.com

42 in. wide blade angles center, left or right, and is 14 in. high. It lifts
with lever from driver seat. Fits Craftsman Lawn, Yard, Monster,
Fairway and Deluxe Lawn Series tractors only. Tractors with 22 in. or
smaller rear tires
_1 For snow removal only
| Can be lifted and lowered from the tractor seat
71 Blade pivots left, right and center from the tractor seat
_I Skid shoes are adjustable for use on smooth surfaces or rock
driveways
_I Scraper blade is replaceable

| Single Adjustable trip spring on rear of blade head allows blade head
to ride over obstacle
| After 1-time installation of mounting brackets, blade can be
removed/attached w/out tools

Item weighs 76LB
42” width, 14” height

Price: $300

Not powered
Mounts to front of frame

Does not interfere with
mowing deck

Light weight
Does swivel
Lift by hand from seat

Blade removes with one
person

Replaceable scraper blade
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http://www.johnnyproducts.com/
J_Bucket_ HTMs/Johnny_Plow_J
r.htm, 9/26/11, Johnny snow
plow, - johnnyproducts.com

Width: 48"

Height: 15"

Over Travel: 8".

Down Force Pressure: 200 Ibs.
Construction: 12ga

Compatible with all Johnny Bucket Hitches. The ""Johnny Plow Jr."" will attach
to all Johnny Bucket Jr adaptor hitches ever made from 2001 to present.

Attaches in Minutes. After removing the Johnny Bucket Jr bucket assembly from
it's adaptor hitch, attach the *"Johnny Plow Jr."" with just two bolts and you're ready
to go snow plowing.

Power Angling Option: With just a touch of a switch, The *"Johnny Plow Jr." can
be turned from left to right without ever leaving the comfort of your seat. (Note:
Angling actuator not included. Customer must use their JBJr power dump actuator
or purchase the power angling kit at extra cost.) Movie from seat

Manual Angling Option: Just release the lock pin and manually angle the **Johnny
Plow Jr."" from left to right.

Float Setting. The "'Johnny Plow Jr."* has the ability float up and down over
obstacles using only the weight of the blade scraping.

Down Force Pressure The ""Johnny Plow Jr." also has built in down force
pressure for scraping packed snow and ice.

Price: $750

Electric powered
Mounts to front of frame

Does not interfere with
mowing deck

Does swivel
Electronically controlled
Replaceable scraper blade

Raises and swivels minimally
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http://www.johnnyproducts.com/images/Johnny-Plow-Jr/Movies/JPJrSeat.html

APPENDIX B = SURVEY WITH RESULTS

Customer Survey

Front-End Loader/Snow Plow for a Personal Lawn Tractor
This survey will be used to weigh specific operation and components that will be used. This
project will consist of hydraulic lifting arms and bucket attachment to be controlled by

operator while seated.

How important is each feature to you for the design this front end loader?

Please circle the appropriate answer.
Safety

Ease of Maintenance

Ease of use

Ability to perform Operational Task
Durability / Reliability

Compatibility with current tractor models
Stay within limits of tractor used
Bucket Capacity

Speed of operation

Operation Temperature

Ease of Storage

1(0)
1(0)
1(0)
1(0)
1(0)
1(0)
1(0)
1(0)
1(1)
1(0)

1(3)

2(0)
2(0)
2(0)
2(0)
2(0)
2(2)
2(2)
2(2)
2(1)
2(8)

2(4)

1 = low importance

3(1)
3(4)
3(2)
3(2)
3(2)
3(2)
3(6)
3(10)
3(14)
3(9)

3(9)

4(7)
4(12)
4(9)
4(5)
4(4)
4(9)
4(7)
4(8)
4(5)
4(3)

4(3)

5 = high importance

5(14) N/A
Avg: 4.59
N/A

Avg: 4.09
5(11) N/A
Avg: 4.41
5(15) N/A
Avg: 4.59
5(16) N/A
Avg: 4.64
N/A

Avg: 4.14
N/A

Avg: 3.86
N/A

Avg: 3.45
N/A

Avg: 3.18
N/A

Avg: 2.95
N/A

Avg: 2.95

5(6)

5(09)
5(7)
5(2)
5(1)
5(2)

5(3)
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How satisfied are you with the current front end loader? If you do not have one
\/ here and Please Omit the next section. section Omitted

Please circle the appropriate answer.

Safety

Section Omitted

Ease of Maintenance

Section Omitted

Ease of use

Section Omitted

Ability to perform Operational Task
Section Omitted

Durability / Reliability

Section Omitted

Compatibility with current tractor models
Section Omitted

Stay within limits of tractor used
Section Omitted

Bucket Capacity

Section Omitted

Speed of operation
Section Omitted

Operation Temperature
Section Omitted

Ease of Storage
Section Omitted

N = T = e T R O S S S S S

1 = very unsatisfied

[ N e e S A S I S e S N A\ I \C R (S )
W W W W W W wWw wWw w w w

B T~~~ S S e . T

5 = very satisfied

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

oo o1 o1 o1 o1 o1 o1 o1 o1 o1 Ol

How much would you be willing to spend on this Loader/Plow in a retail store?

$2500-$3500(12) $3500-$4500(4)

$4500-$5500(2)

Cost was not a factor (4) Avg: 3.91

$5500-$6500(0)

Thank you for your time and consideration.
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APPENDIX C — QFD RESULTS

Adam Dehne
Front-End Loader/Snow Plow
for a Personal Lawn Tractor

House of Quality "Relation"

[0]
o
C
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X 2 Q
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c| g ol 8 2
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S| 2 = o
» bl I g % 2
Key: g 8| o 2l 5|zl 8 )
9 =Strong S S| =| o ¢| §| | 8 S| < ®
3 =Moderate ° ol 2| €| g| | 5| @ el 8| 2| ¢f 8| 8
_ gl cs| 8| 8| 5| €| 8| 5| & S| 8| | 8| 5| § IS
1 =Weak s S| o S| 81 ] 8| © s| 2| 5|1 5|1 2| & 2
g <| 2| @ =| 5| < =l | ¢| g 5| §| | =
o) ol £ = O o < > = ol 2 Q
N o a|l €| B o| 5| < a| & <[ » 3 | = ol 2 2
- ol €| 2| 8| 3| 3| «| E| &| 2| | 5| Z| »| E| & ¢
c n [0} = o ®©| T ) | © [0} ° 5| -
G =| €| 8| 2| © c| | S| ©f ¢ gl | 2| 3| o| ¢
>l 2| = £ B 5| &| © '% £ 2| 3| &| o 8| 5| 2| 2| 2
ol 8| 2 & 3| o| g| a| S| 2| &| | E| €| 2| 3| »| ©| 2| &
NI's|] Q| 8| 2| 2| 3| | 3| | €| o ¢ o gl S| © S|l ©| ©
n|lwn| 2|l =[] o]lole|am|o| | 3| x|o] 2]d|la| 5| x| x
Safety 3 1 1 9 9 1 9 3 1 9 1 1 ]14.6|0.9]|4.1]0.09] 9%
Ease of Maintenance 1 3 (3111|911 ]1]3]9]|3 1 ]41]0.9](3.7]0.08 8%
Ease of Use 3 1 3 3 1 9 1 1 9 9 3 3 9 3 |4.4|11(4.9(0.10/10%
Ability to preform Operational Task 313]3]|3 3 9 1{91]9 1 ]146]1.2]55]0.11|11%
Durability/Reliability 1 3 3 9 1 3 1 1 9 1 9 9 46| 1 | 4.6 |0.10[10%
Compatibility w/current tractor Models| 9 3 (1 9 93 ]1]1]9 9 1 ]41]0.9](3.7]0.08 8%
Stay within limits of tractor used 91393 3|1 (391 ]1f[9|1]29 3 |139(1.2] 4.6 |0.10{10%
Bucket/Plow Capacity 9 (193 ]1 1 91 ]1[9]1]9]| 9]35[11]3.8]0.08f 8%
Speed of Operation 313]|09 1 3 1 1 1109 1 9 9 |3.2|11(3.5(0.07] 7%
Operation Temperature 1 (3|1 1({1]3]3 9 9 3] 3| 1 [3.0](0.06] 6%
Ease of Storage 9 9 1109 1 1 1193 3 |1.2]3.4]0.07[ 7%
Owerall Cost 3 3 3 3 1 3 1 3 9 1 3 9 3 9 3 ]13.9[0.9](3.5(0.07] 7%
Abs. importance 4.40]1.68|4.73|3.53[1.83(3.17{1.35{2.24]5.14]1.35|1.80|7.38]2.20|7.44| 2.70]50.9 48.3 1.0
Rel. importance 0.09]0.03{0.09]0.07]0404|0.06]0.03]0.04)|0.10]0.03|0.04]0.14/0.04|0.15| 0.05]|1.00
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APPENDIX D - PRODUCT OBJECTIVES

Product Objectives
Front-End Loader/Snow Plow for a Personal Lawn Tractor

These Product Objectives will be focused on a Craftsman/Husqvarna series lawn tractor (similar
but, not limited to, item Craftsman Model #07128857000, Mfr. model #28857).

Ability to perform Operational Task (11%b):
1. Lift bucket load of 400-500Ib to a reasonable height to load into a % Ton Truck bed
2. Dig 1-5in in to soft ground/soil (Note: weather and lawn conditions must be with in
tractors operational limitations)
3. Snow plow will be able to swivel left and right for snow defection
4. Dead lift load capacity from single point

Ease of Use (10%0):
5. One person operation
a. Attachments able to be attached and removed with one person of average size
b. Controls to be used with one person of average size
6. Controls will be within an appropriate reach of steering wheel for an average size person
7. Hydraulics will be designed to be able to be use with tractors engine HP/Torque
8. Loader will operate when drive line is engaged

Durability / Reliability (10%0):

8. Will be able to pick up rocks and other heavy abrasives (up to the load capacity) during
testing period

9. Utilize reliable components/material determined by safety/service factors and for
particular application requirements

10. All hardware used will be Grade 2 and higher

11. All hoses, hard lines and fittings will be commercial grade

12. Fittings will not leak during test period

13. Loader (as a whole) will preformed intended functions during the test period (Note:
tractors durability/reliability will not be a determining factor of loaders
durability/reliability)

14. Also, See “Ease of Maintenance” No. 1-5

Stay within limits of tractor used (10%b):
6. Lift capacity (load units in Ibs.) at max height and reach may be 30% less than total lift
capacity (limits TBD)
7. Hydraulic components and sizes of them, will be assigned, dependent on space available
within tractor
8. Bucket load and loader lift capacity may change dependent No. 1-2 above
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9.

10.
11.

Tractor movement with bucket load, dependent on ability of unmodified tractor
Snow removal dependent on ability of unmodified tractor
Also, See “Bucket Capacity” Note No. 1

Safety (9%):

9.

10.
11.
12.
13.
14.
15.

16.

Lift arm controls will not be operable when operator is not seated on tractors seat (Note:
Bucket may lower due to gravity/normal valve fluid bypass and leakage as well as when
lowering action is activated)

Bucket capacity will be sized so that at full load tractor will not tip

Loader drive system will not operate if its” operator leaves tractor seat

Hydraulic fluid temperature can be monitored with a gauge

Hydraulic fluid filter/screen will be used in system

Loader arm kickstand will provide rollover resistance on flat ground

Components that rotate/move, have driven belt, have pinch points, that are hot to touch
and/or that have potential to injure the operator or other persons will have appropriate
guards and/or caution labels/placards attached (Note: any item that is mentioned above
(Safety No. 7) that is in an open area but, within the frame/chassis will not be required to
have a guard and/or caution label/placard)

Also, See “Stay within limits of tractor used” feature below

Bucket/Plow Capacity (8%0):

3.

4.

Goal: four-five (4-5) cubic feet for soil (Capacity created by average soil weight from dry
to wet (i.e. 100lb avg. per cu/ft)) Note: this is dependent on tractors abilities (i.e. tipping
factor and load capacity). Otherwise bucket capacity will be adjusted appropriately.
Snow plow will be 10-14” tall and 38-42” wide

Ease of Maintenance (8%0):

8.
9.

10.
11.

12.

13.

All steel components will be painted or powder coated
Hardware will be Stainless and/or galvanized and/or painted or pre-coated with an anti-
corrosion
Sealed bearing will be use were applicably
Fluid filter/screen
a. A person with average hand size and arm length will be able to access it
b. Uses of standard tools may be required
Grease fittings (applied to system where appropriate)
a. A person with average hand size and arm length will be able to access them
b. Uses of standard tools may be required
Snow plow will have a removal-able bottom scraper blade

14. Also, See “Ease of Storage” No. 3

Compatibility with current tractor models (8%o):

2.

To be designed for Craftsman/Husqvarna series lawn tractor (similar but, not limited to,
item Craftsman Model #07128857000, Mfr. model #28857)
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Speed of Operation (7%o):

3.

Raise time unloaded < 6sec

4. Lowering time < 6sec

Ease of Storage (7%0):

S.
6.
7.

8.

Attachments detach from lifting arms if needed for storage purposes

Loader arm has ability to detach from tractor

Loader arm has kickstand so that it does not roll/fall over after it is detached from tractor
(on flat, solid ground)

Hydraulic hoses have quick disconnect fittings (where deemed appropriate by design)

Overall Cost (7%)
2. Select components while keeping in mind its cost in relation to others

Operation Temperature (6%):

4.

Fluid temperature to stay under manufactures recommendation
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APPENDIX E —= SCHEDULE

PROPOSED SCHEDULE

+
«
+

Adam Dehne
Front-end loader for lawn tractor

Oct 23-29
Oct 30-Nov 5
Nov 6-12
Nov13-19
Nov 27- Dec 3
Dec4-10
Dec11-17
Dec18-24
Dec25-31

TASKS

May 27 - Jun 2

Apr 29 - May 5
Jun3-9

Jan1-7
Jan 8 - 14
Jan 15-21
Jan 22 - 28
Jan 29 - Feb 4
Feb5-11
Feb12-18
Feb 19-25
Feb 26 - Mar 3
Mar4 - 10
Mar11-17
Mar 18 - 24
Mar 25-31
Aprl-7
Apr8-14
Apr15-21
Apr22-28
May 6 - 12
May 13 - 19
May 20 - 26

2 [Nov 20-26

All basic measurements Complete

Key

Concept sketches to advisor 23

Planed Project Events

Proof of Design to advisor 23

Basic calculation, Tractor breakdown w/measurements 2

Initial Mechincal Component Selection Complete 2

Frame Reinforcement/Attachement points Solid Model 2

Loader arms Solid Model 12

Accessories attachment configuration Solid Model 19

Bucket Solid model 25

Snow Plow Solid Model 25

COSMOS/FEA all mechanical Solid Models 26

Initial Hydralic componet selection 27

Initial Hydralic Drive Componet selction 27

Hydralic system Solid model 2

Axle Reinforcement Solid Model (TBD) 2

COSMOS/FEA Hydralic system Solid Models 3

Design Freeze 4

Raw/Standard Material/Components to be ordered by 2

Winter Oral Report

Machining/Fabricating/Assembling Components 21

System Completed 27

Finial System Testing Completed 10

Demo to Advisor 12

Demo to Faculty 19

Spring Oral Report 26

Last Spring Week Writen-Report
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ACTUAL SCHEDULE

Adam Dehne
Front-end loader for lawn tractor

TASKS

Oct 23-29
Oct 30-Nov 5
Nov 6-12
Nov13-19
Nov 27- Dec3
Dec4-10
Dec11-17
Dec18-24
Dec25-31
Jan1-7

Jan 8 - 14

Jan 15-21
Jan 22 - 28
Jan 29 - Feb 4
Feb5-11
Feb12-18
Feb 19-25
Feb 26 - Mar 3
Mar4-10
Mar11-17
Mar 18 - 24
Mar 25 -31
Aprl-7

Apr8-14
Apr15-21
Apr22-28
Apr 29 - May 5
May 6 - 12
May 13- 19
May 20 - 26
May 27 - Jun 2
Jun3-9

All basic measurements Complete

» |Nov 20-26

Key

Concept sketches to advisor

N
w

Proof of Design to advisor

Planed Project Events
Actual Project Events

N
w

Fall Writen Report

Basic calculation, Tractor breakdown w/measurements

N
©o

Initial Mechincal Component Selection Complete

Frame Reinforcement/Attachement points Solid Model

Loader arms Solid Model

i
N

Accessories attachment configuration Solid Model

Bucket Solid model

N
(%2}

=
II&D

Snow Plow Solid Model

N
wv

COSMOS/FEA all mechanical Solid Models

N
a

Initial Hydralic componet selection

N
~N

Initial Hydralic Drive Componet selction

N
~N

Hydralic system Solid model

Axle Reinforcement Solid Model (TBD)

COSMOS/FEA Hydralic system Solid Models

Design Freeze

Raw/Standard Material/Components to be ordered by

Winter Oral Report

- el Jaf | |~
I'_‘ (X

Winter Written Report

N
IS

Machining/Fabricating/Assembling Components

N
[

System Completed

Finial System Testing Completed

Demo to Advisor

Tech Expo

Spring Oral Report

Spring Writen-Report

&
[s=|8| 8] |5
[
[}
[}
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APPENDIX F — DIMENSIONAL DRAWINGS

LOADER ARM SUPPORTS (LAS):

L
L4 1 133Hs AHDEM LTS

v

A3y oM CDmd] 345

m_.@mmD@n_ DU ) JUCdd S0

J10L

U] WRPY

1

05er ‘ﬁ

TlAND R

SEIM ARSI

o

AW THM

“haaw T

anawa

M wad

£

LI T RTE =R T=T=T ]

HaM1

12245 2Hd S L
ol 310
tA1a TR ORI IO
P Lt fm i LELENL

TOTE W™ 230 33004 334w
FoosaDIa 30 14 Qe
FORIT FHTRSCAR INDNY
B, R | e B

bt b Lt Rl

bt L LN LI L R Ll b o L Ju

S0IHID345 33 b dn IO ST IMA

14 g
LE=TIR ~TLPPE bl Lot E
3 =<2 3n o AP D DN 1T -
R PP ACHH AT S 3 b e ] IRl

310w W SR AD 1A% M O 120008434
FULREE ELE LUU LS L il L |y B
A0 A8 3400 3106 Il 3 D reip'dd

3nl M AN OD B FAYATHN] IR |

TYUNIIEHCSON Y M P1IN 4094

005 g

Appendix F1

—

nsE

!

L0005

Qoo



L4321 133HS JAHOEm L FTDs

v

MY WO Dand | 3TIE

BLLA ) SH01d (LS LLILSIDIL Y SIS, WIS § Y

3101

AU WPV

3150 ELad ]

£

b ¥ad ¥ I 1Ok GO0

+

[ =11k A=11FFR

eELL Lt E)

3 =W Iu I ANROT 1A 5 -

05s

o ace o 1%h =TT PP T T =
WM 10, W SEAS A% M B [T
) AR T IH I ARSI 1 3T
LRADIWEL @Egs S | 10 83004 1105 341 3 TH i
[ E] Ful M QRS b0 BRI 30
IEIM AT ;
414 THIHYATION TEUNIIEHODANY MATLIH D
W JA1HDIT 38 TIM
WA THIN G Do e 230 301 334m)
. TOIAMIA0 I 1 Ol
AMTIOT]C ghad Te oINSy
T F N Tl
53 0hwad 101
[apepee.t U TR L BT
ST 45 39 weddn 10 55T IND
ooz
. Qg |
Qit _..U
Qoo g
oL
—=] oz¥

Appendix F2



L40 [ 33Hs AHDEM, 1L 31D

v

=kl TOR D g 3205

sppsenl ] pup [ 420g 4204} 0 5

A11L

U] Wepy

nosy —

11w

ELp]

TiAlDT]

BALY Lol ]

O

B THI
EEER e i} ]
Q3124w

LE ]

£

E=TRTE TL ETE = F=T =T ]

HIM4

FO04s BN L2 L
Tola A
B Pt () F )
ETECE=t =T ERUET

TOTO W 230 33% 14 13an]
F oIS 100 1 Dl
FOMI ST DR
T It a2 8

P53 Dbwad 100

S3H M| M 38 MO0

I 4533 eddW 1O SR IO

LE=1-TE)

¥ k)
LE=TIL =1LFFE 3 "I wIdg
ERS ' ELEELoL AP L Sl L b B
JP— AU W3 M3 30 ] DMl

F10Hep, % S A0 1% M RO 12008434
EUL RS LELIE L L T LR
10 ALA 4004 3105 301 3 T ritad

Anl M AT B WATHN] IR

TeUMNIOHNCS AN LA P1IN4044

0sE 4

oogt g -

000" |

Appendix F3



L o £ 4 5
140 | 133HS AHSFM ELa1Yos Sk FID4I¥IE 1Ok G0 RalTIN Y UL Lty

3330 JUete AMTANTIT AT
R I AU B8 34 T e, 36 1 IRDRIL,
_q R, 310w % TR A0 A M R D00 C3)
JEIRMETY WA T Py
100 834004 3106 341 3 64 wiai]
Tod AT I M O HIVNC D FAB0HN] 0

414 DHIH RN TFUMIUNED-ONY A VLIHADH

e Ja1I0IT 381N

m._._mmm.jm N.._Dc mhm”-o VI g e 230 1014 130M)

- T IId 30 4 Dl
LEER Sa L} | FOMIT FHIESCATINTMY

=i a3 sans T 1ot 3120

SE3 20T 100
Hoe w0
IUYAIJ WEPY T

ADINEL EEg Sy BT

M3 oM Toand ) 3715

CEIM RO

SIHTHI M 1A% MO T 30

I 45 13 3K D EET IND

LT
L= 1 3T¥33
W %13

{

la 009 g

S0 05
0 o

N1 \ll_ =

oo

e

Appendix F4



142 1 IFBHS AHDIEM &L 3TYDE

v

L=k O DM 3A5

S o Hoddnms Ispioo) 10 SEa W
AL

JUYI(T WepY

11%0 JW

SiAlD o

ALY Lol s}

RO
B4 THI
R Lk ]

d3923n 2

Mot ad

L+ 3T%s
.. W %13d

£ .v g
Qnc¥al 41 ¥ 1Ok a0 [ X=TE = LFFE JI0ARTE
R ELE Loy sl L b LT |y by
PO oo JEE— L=Tta - LT FRUE (NTE RS PN Fa T
HIMI{ 000w S AD A% M MO ITN0 0914

FIe R TR T e TR E
12245 2414 202 ACLAIA WO 310G TH ] T Dhiewal
THCS Bu | M QI IO SO AT 30

HLEE R Ll L E ] To'lM HHMS S ONE el f4Dd
Lt m R ELELE]

TOJAT e 230 30 134M]
FI9WADI0 12009 Dl
TAMIT FHITWMNCARINTH Y
Lt |l R

SEITRMVAILOL

Fu2H M 1AW ENOIEHIN G

Rk Rl EL b EORE LI Rt LT

_J £e0rg

05E aFe

—~

N1 |I|A =

Appendix F5



RISER:

[ 42 | 133Hs AHDIEA oL 3TN DI

v

M L 1w = il b

alo|d 1o |AD Jesu

SUYI(] WPy

111

El]

ELi

ong

Figy

o0y

Z +
=T LR AR = - =T =] ] LLE=118 =1IFFR 3
=0 LE1]
HIMA
Tl 2345 2d FT L
SSIM BT [HAdISY
’ A3 DHTHWAIL]
“wm mETET =t T RN

T4V IHW L foqor v 230 30004 338m0

: T Ia 1T 1y Dl
N R Y BT Ty e el
d372du I O10% A
Bt =]

hee s SIH 01 W 38 SO T

JIIDTA5 39 ek IH D EET IMD

RN

ShLTG

05"

MTF IR

El L ol E

3+ In IR ANVINDD TS I5H -
Rlalila b Ly FETLENILE S EYNT T 16
F10He, o T80 LA M MO ITN008 438
AR W IH IR ARO[ YT -
A0 A1 34004 3105 361 3 2id el d

JHl M A RAMOD MO AS0HN] I

TEUNIOHN SN LAvlId 4094

O ———— ] | —

Appendix F6

Fas s




L o £

+ g
—u__U_ _.._mem ._._n_nU__m._._.___. _._. m|_e_u_..Um abI4¥al V¥ 30 Gk a0 LE=TIR =T ‘I wDhdg W
T3 T AT T
- PP == T T PR IS I ikt X
_q o 10, A 1A% M PO (S00W.438 S
=Y R APY SR IH IR AR A T c
. . ; E O A8 34004 IO 3H1 T T v
=L O "Daad| 3703 ot [T E R 201 1 I 0 1B 1 m.v:
: PR e TN TRUNIIENO3-AN'T MWLM D4 o
o TR =F SIS I <
SULD Japoo) 1o) apopd wid 1esy) BaaW W T WD 3TV 3381
Frpr—— TOUWM AT 3T e Dl
LOM TR IR
=l anTans A e[l

ot fm 0 E R L]}

M:—s—ﬂm :H,Nﬂuﬁw W S3H 01 M 38 % S O TR

ELL ] 1 TOIHIDI45 33 eddn LD EETIMD

_l| 05471 |l_

ooorg

057" L —

/ |.._”T| ol e} ) ’



140 | I33H3 AHDEM FLFTW DS

v

L=kl L] I P = it

88l 0 o5l

JUYI(] WPV

A11L

AN = B k-
W w13d

* i 000 |

. ;
@ @)

Ga]Sr a0 3 PANDD
H R ] L]

Zlaoimel
SEIMIWATD
o
“AddW T
EEEL g o} |
Q312du 2

B mild

310 J

05—

c

¥

Sklv ¥l {1 ¥ 3N Gk GO0 LE=TIE =1UFPE 3

aon] by g8 oeEx

LX-%.FE LT LR
HIM4

L

3
a3 THTHYAT DI
AT 1A I

TOTOE 4230 32019 334u]

L b L I e

el

EORIT SH IR TN
B Rl il B
ot LY E R )

SN M AW IO

0z07

ELylnl

SOIHID345 33 e 3W 1D EET IMD

I.lA _|.| ool

L]
3 <2 In I AT T 8 3T -

AOMOIE VT M I HA I H I RDH]
10w W B8O 1A% M RO 1200438
ARG T I IR abela T T | 5 -
10 AL 390 3105 3n ] 3 Db eiiad

THI M OIINOD MO IWASTHE] 3H |

T UWNITHN-CS-OMT A vLIM 4094

0ot E

-

Appendix F8



LOADER ARMS

1 2 £ t k)
|45 | 1334 JHSEM S 31T 0E Qb ¥aD 41 ¥ I Gk G LE=1E =TIV OE L st Fl
LRI LUt TP -
R LEL¥ 1R ADHOITI VR 14 (1dee 3 0l RSl
_q Wk LR Y PR X M [ T P P )
vamEs | s el ] PRI TE M U S TP -
. . ; W 10 Al 39004 105 3n 1 3 TP iad
34 O DM 3215 — [TE L FHl 4 0 MO0 O AATH u
: ‘434 DHDHEH 101 TP UMM ON Y A v1IH4044
] =LTE Y E PRI
Hoddns Jalusd uuD Jspioo] AWM GaI® WD 391 3
Waawopy | F A3 Dl
FOMIT R eI DY
. " F a1
111 a2 153 20081 101
onwad TN PR 2 b TR 0GT
QU2 UIB
—.,— Q ﬁu.ﬁw r¥a Elaka TOIHIDT 45 19 e 3k 1D EET IMD
[ | 11 1 _.*I
*i Gagtl | -_

X

nEetd

D 005 f

05T

Appendix F9



CROSS BEAM

14O | H3Hs JHDEM L FTE0E

v

A3 O Dad 335

19ssnB wWpaq $soUD
1L

SUR(T WPy T e

Sh

b4 ¥ I 10h G0 =1k = LFFR 3

LI=]:Fi4] LT b
ARALL

Zaieel | EEys Syld gL

1Ay~

5l ARANATD A4 TATIAYAID)
bl THIIHOL T a4 daddl

AW TN opnas 1 D30 30 138m1
. IS4 TR 3T Dl
Y| L gnag swoweiavInoHy
JE— 5 e T
3Tk W 1

[I FHIH b3V SO I
3312345 39 ed 101D 55T IND

L2 L IAT0S

) W %134
), ke
@ 05— 9 _l| 7 290
02 .0 \
ﬁ vz f01
L] 31908
a71¥13a
2

005 £

057" |1_|T|

)

uindoad

A QA JMY A kYA MOT g ar AT

IO ADEFIHIHE AldaM dr anoddw
JI0Ad W ¥ EYA0 AYd dl AN n0a4da
AdY 1A JMY A kYA MOT aar AT
1044034 1105 Jda 3 TdIMYan

Ady A QI YA DT A Y {100 A dd

TRLHIONS 0T OWE LI X403

Appendix F10

- 005z
R
— e IIE"
¢
ﬂ 00T _
rov
|
£o0y ”

<

Hﬁwflli TI



L 4 £ + Kl

—
_.u__U._ _.._mem ._.Iw_m._._._._. _._. M|_e_u_..ﬁ..._m Skl ¥al {1 ¥ IE 1Sk a0 LE=TIE=TI"FE 3 bl sl —
31 In e AMRINDID) 8 3T - LL
- [P ASIMCATE V8 34 1 3 1114 3 1 LRl =
_q WM T10me W 54D 14 M MO 1000k a1A =
- saDmel ey Sl i | 8 daas 1l 3 s 2
A3y O "DMad) 3703 - [RTEIb Tl M 0 IWINED M SR M | <)
: {34 TSN 101 TR UMITHN G AN Y M PLIR4Td =
Wi AT 38T N MﬁUn
alo)d 1D A WIDed) 55040 WAV Q0T D90 3T 108
Bagwond FOIWZAA I e Dl
4 RN F WA INDNY
UL a317dw3 T IO 2 A

ot L E )

m::um :Eﬁ.ﬁﬂ« [T S3H T MO 389 SO AT

1Iwa ELn TIINMIDI 45 13 el 3N D BRI IMD

== flE

/ 058 ——————=



ACCESSORY MOUNT

142 1 15BHS

A

AHDIEA 2 LTS

Y

Lol Sl e N Fi

S0 D [AD AIOSSSSO0

AUl

U WBpY

11w

Zhan e
Bk Ly}
WO

T W THW
E.EE b L]
L e L}
Py A0

FLLh )

£

QkI4Fal 41 ¥ 35 1ok a0

LLILTN)

P=s 20l #11
1AL H
ETFEETETIA
JNWIHOIT LA

TOTIF 194N 230 1214 334m1
I 1%W230 320109 Dl
FaOMId Fu2NRINThY
L Y R

ot L D]

WM NN IO TN

WJIHIDI4E 33 e IHDEEIIMA

¥ k)

LE="TE=1TFFE 3

L= R

LEMTILTLE]

FICdUA MY A A AN AH DT R AT

A0 ADEEFIMA M rladaW dda ano s
J10dmM ¥ EV A0 AYY Al ADLTN00A4a
AdY LA IHY A LAYAHDT AT
10 L4034 11T 5 dda 8 2d1IMY a0

Arda Al QAN A0 T d DY 43 0UA] Iy

ATET IR

TRUNITINGT O P LAR I O

&L

LLore

051y

Q05"
. _
000
— 005" _—y
-
008 —
05T —
A ||

—lllomﬂ_lll_

Appendix F12



BUCKET:

142 1 133H: AHDIEM 2L TS
N "ON oMd 375 M___w___m““
WO
ADOJ 190N o BUD yper
EEEL = i} ]
=l LEE Dl
UYI(] WEPY 1
col

£

ShiFal A1 I 1Ok GO0

wak1

Fats SBnes 7|
Il 31
‘14 THIHAI 0]
JaI0ID 1A 1M

TOTE W 230 120%14 134n]
TOIAATAd 100 Dl
FORIE FR IR IN DN
T It 01 2

ot b L HR bl

534201 M 38 Y B O34T

SOINID34E 33 e 3K 1D 5T IND

hoodgr

¥ g
LE=TIR A=TIFFE 3 bl b L]
EEELELE D LT T i T E o L B
2T IR AOHCIEE Va4 M I I ] RO

F10me, o AT LA MO 1200838
AN A IH IR ANRAND DY 35 -
AT AN 3400 J105 301 3 D el

IHl H O HAROD MO 1IN M)

TEUMITHMOS-ON Y LA elIM 4044

|

QocrEe o

o0ors

Appendix F13



L4C | 133H3 JAHDEM 3 FTWDE
v

=k L] SR = i

APOQ %20 j3oNng
d11L

U] WBPY

El ] ELe o]

£

Shih¥ad 419K 1Ok GO0

-]

vaoiwel | pays aEnos g )|
B i
’ B PR U R P
o A IWOIT I8 T I

RV T e D30 3T 338w

. T2 10% g Dol
44w TR FOMIT Fu2RW Y INTNY
Lk e L] T et O13% A4
ot e Ly ER ]

Moe A0 SIH NI M 38 MO M IO

SO 4533 b3 D EETIND

hoodsr

+

=110 =1LFFE 3

)
ERy Lt E)
ERE ELELEL Sl b Sl s I E |y B
MY IH R AOHOIE B 34 M3 HAw 3 W] IR,

F10mee, W SR A 1A M MO 12008438
Aby 2N QR AT T I
A0 AN 3400 3105 301 3 Dk edd

THl M AHAHDD MO AN 34 ]

TeUMIOHH-CS-OH AAPLIM 4044

oo s -

oozt

mo_.#

Appendix F14



142 1 1 33Hs AHSEM S TS

v

= OH D 3T

|@8aUs UI0oq |&ondg

UYI(] WRPY

3101

Z Z

=TIy T T ]

-]

caoiel | pag aBned g
AT (] THA IV
’ 1334 TR 1O
] e LTE LS Y TR

BTN DoTar e D30 3304 311
TV 30 g Dl

AR 1 VR et i

Fopra— T Ta

53k 10

Py SI0Thl M 33 IO T AT

ETE I T 0312945 19 ddn 10 SEIND

mo_.\lm.

+ )
LE=11E =TI 4 I WO
ERE L ELE Lol AR LS L I b L b
[ — Rl=Teta- T FIUE NTTTENE YN T

10w, % EVAD 1 M MO 120308434
AR T3 TH IR AT T 35 -
A0 AN 34084 1105 301 T T el

Anl M O INRO0 O FeATHR] 3]

TEUMIOHHCSAN T LA elIM 4044

——— 000

Appendix F15



L4 L 13FHE SLHS3mn, 20 37l

A3 oM TS g

Apog apis |932ng

AU WPV

v

Eri

BERNIN)

EEELCL LA s £ T s e PR ET T
PoOrgesa0 3 el Sl

Z € ¥ &
Sh D 4 Y 1Ok a0 =TUETTE LTFLELEF
FICIA HY LAY H DT L AT ©
F—— o AR 10 ATASEIMAL A e a0 Dl M —l
- J10dM ¥ EN AT AYd A A DTIN0a4 LL
) KN I HY LAY ST AT oY
Srala e 2= sEnob 51 10 WAI40 8 1185 141 A B AMYAN o
. 1ML Y H Ay A LAY A 0T AT SH IO A o
IR AND ETFERIEETE TN TRLMINLNGT T4 F kI RallHa s nn.v
. p
i ALINDIT AL S
<
i B YU R o
a1 ans R Ty
ot LT E Al
e SqHTI B 18 SO IO
1Is4a Ll ol 3423451 Tmddn| D ER 1NN

T aos e \IA
Qo0°'s

/ SO0EE]

S0 05

FLOT |

oop ez oozt |

-
=

GO —

———— (00 E




L4321 133Hs JAHDE 3L FTWDE

v

MY NOM Dand | 3TN

Apog doy jeong

UY3(] WBpPY

3I%0

£

E= LA LR )RR e o L] ]

a4

1Al e EapE abnniE g )
AT ] o
’ A4 TN IO
] mEYEC =t T TR

T4 W paTar e D30 3014 338H]
BT FOIAIAO 1T 1 Dl

roodEr

¥ g
=TIk s=TlFFE ety Ll
< IH I AMYANTI T8 15 -
MEEY IR AORHOIEE M I AW ] RO,

10w, W ERAD 1% M BT 120000434
Ab T AN 3R ANRARO T A 5 -
A0 AL 340 3105 311 3 0k riad

THl M ATANOD MO WEIHN] R

TEUNIIHH-CS MY LAv1IN4094

FOMIT Fu 2N ITDNY

a1gn 2 T It O13%a1

it Ly F R

He A0 SIH MM 38 O M IO

ELakl TJIHIDI45 33 wd3W D EEIIMD

]

oo Ee fi

Appendix F17



14O | 133Hs AHSDEM LT

v

Mgy OF DA d ] 37

SopIg g BUD 183ong

AL

u::um Eﬂﬁ.{d 3% e

Zlaldimo]

SEIM IO

g
AW TN
EEEL g o} ]

3728w 2

Mo A0

£

Shi¥al 1¢I5 1Ok GO0

HIM{

[E245 S S L
[ETER
g P B S [T
JA1IWDIDI 38 T I

TOTIE %W 230 32014 134m]
L e b e e g B |
FONIT Fu RN INDNY
ER L R )

S0k 1O

SIHIHI M 14 B O SN0

TOIHID45 33 ek dn 1O SR IO

[N () PR

LE=0-TE3]

+

=11k A=1IFFR

P e

RERE LalE

3 =3 In IR aNRD T A I -
AOMHOIE 14 M LAw IH T IROHIr
110me, W SO 1% M RO 10004434
FUL L ELE L S e T a1 E oo
A0 A 14004 3106 311 3 Dk visiad

Tul M O ARDD O PASSTHRL 3R]

TEUNIIENSS-ONY A el IH4094

Qo

—ae QOO i —

Appendix F18



[EIRNEE AHDIEM, F1LFT1W0s

v

i=E| ] g e T = i

opdg agn) Uid puD ooy peyong

AU WPV

711

ElRr]

JWmh

Al
B L Lol
o

MW THIW
E.EEL g ik
[sERpm: L]

Fopowad

Z

ShiAFib 41 ¥ I 1Ok OO0

LE=%. L]
HEM1

2345 24N S L
IRTEL
B PR Ll i [P
JAIIDIT a4 1N

TOTE 19 230 31519 134m]
L L e L e g E Y )
FOMI FeIRWAY IR T
I et O12% 8

ot e L p ]

S3n 200 M 34 300 3 30

JINID345 3T b Ik 1D ST IMD

05z i.TT

4 )
=115 s=11FFE 3 ReELy Ll
ERECECR LU Al T -
[P ACIH OIS N T M HlLAve 1 ] Ml

F10mee, o SRAD 1A M MO 120000434
AN 3N IH QIR AR 35 -
(La WILEE alER a4 DT R L B0 T )

THl M QRO MO AAOHR] 3R

TEUMIIEM TSN ATl £094

0ZE Ll

— e 00—

Appendix F19



L Z z 4 )

L4O | 133Hs OHSEA 2L TTY0s ARIAwED 1930 15k G0 [—— 03RO
3 <20 A8ATH AR BTID [A3TH
R R HOHONTI A 34 e 3 R Rl
— T10H W THAD 1A% M MO 100003
.q_ T Y At oD dn W AR AINOIT I T
. . : o ALY 34004 310 31 3 T reietA]
e O o3I - L 201 AT 3 (AR 101
: (B4 Db TTUMIGHH OO Y M TL3H404
o 130T 38 1M
2ol poddns 20 [21ond WV oo v 230 100 138M1

FoOUTEO 3T 1 Dl
FOMIT FHIRMINYINTDNY

- a1 -ana LAL M [T
el 1 Dhewad 101

M:—s—mm Eﬂﬁ.ﬁw [ 530 Th1 M8 W T O T4 I00

ERL ] 1 TAINIDIAS 3T e 3W 1D EETIMD

EEEL g k]

05E ZE

057" —ad|ae

Q00— .

Appendix F20



14O [ 133H: AHDEM #1105

v

=k O g 375
ao0J0 Joddns Japun Jayondg

3111

UYI(] WRPY

1% W

Zial oo

B LR L ]

]
W T
EEEL = ik

[k | )

Mo R0

£

Qb= ¥ad 1 ¥ Gk oo

HIIM1

[E245 2420 S L
[ETE
1434 DHRVAT IO
T 1IDIT AT I

TOTOE 930 12019 33441
T 3120% 1 Dml
FORIT FHIORNCAYINTNY
T IO a

100 aI 100

530201 M 34 W M O 3430

TOIHIDI45 3T ek 3k 1D BRI IND

0%

hoodgr

+

LE=11E =TI

g
O3 wDAg
ERE'ELE LU AL sy FE | B
JEEF 13 b Rlalyla b Dy EERLE NI B DANY Ca 16

FRLa LUy DLl L Rt [ e fa L EE P
EULR L ELE L SN e R E L L B
A0 LA 100 I00E 31 3 D eei'ad

Iul H JRIANDO MO AYATHN] M)

TEUNIJHNCS-ON ' M TLIN 4044

=y |

Qo0&

Appendix F21



£

Shi ¥l 41 I 1Ok GO0

L4 1 13IHS AHSIEAM L 379 0S
v
BEE| O D g | JE0S
o0y G0 kooNng
J1UL
u::uﬂ Eﬁﬁ.{« 11%0 F ]
1
FOZGS

HaH1

Sialoioun F=4s ol W30 L
A1 e raddrawy
’ A4 TN
i A 1IW0IT 1 1Aab T I
AW IHW L poTagr g 230 3014 338w
. TN 4030 g Ol
MV | gpan seowmaw DNy
I T LU T [fE R
bt fu LTt P
v 534 301 M 34 T4 0 T I
M0IHITI45 39 b 1D 55T IND

| _U__U_ m.. il

4 g

LE=TIE s=TIFFE 3 ReER b Lt
3 <330 I abaD T 8 35 -

[ [P 10N 32 A 1Am 3 1] INDHl

F10w e, % SR AT 1 M MO 1IDN004434
AN T A TH AW AR T A 5 -
A0 AL 3004 3105 3n ] 3 Dhdeevwad

IHl M AAROD MO AE0HN] IR

TEUNFIHH-CSOMY LA el IM 4044

005" fj

Fil™l

.
ya

oo

- Qo5

057 ——=] o=

FLLTL

L

Appendix F22



L4 1 133H5 AHDIEA L FTW DS

v

A3y oM Coand ] 315

adn] bal uid |song

A11L

UY3(] WepY

a9 JuF BANDI | Oh U ooIed
iAo

B LR Ll e}

gl

AL THM

EECL g ik

Lok e | )

LT ]

ElL] I

05k Ly — |

N
057 16 —— (« 0057

Z 14
Shi=¥al 419 I 1Ok G0 La=11R s=TIFFE 3§
hooder LY 1A b
HEIMA
=On] o3y 080l
el 31w

434 THDHWAT IO
JAIDIT 14T

TOTOE IR 2030 12014 134u]
T30 300 g Dol
FOMIT RO INTNY
E L ] o R

ot p UL E

SIHOHI M 1A Y O3 30

SOOI 4533 el 3N D ERTIMD

o N | o N

T

bRy st

3 =23 Ik AN A I -

A0 O W 3d M3 W] RO
F10He, W SR AT LA M RO IDN08 a3
AN T A TH QW AR TN 3T -
A0 AN 14004 1108 301 3 Tk edd

FHl M JFHIFARD0 HO ANMEIHR] 3]

TEUMITHH-CS-ON Y APl IH 4044

—= Qog | ST

Appendix F23



{20 13RS AHQIAM F I TIYOS

v

Add ON oAl 3R

JUSLUSTIO NS (3] ADOG SDis L8%0ng

ame Wepy

S

UWd

ELn

FVLILTY]
TN
o

‘Wl S

‘ool ST
AR

AR D

£

OMARE D W D0 20N O

HER14

Sl 19Es F
WL v
‘B4 DWIDe YEDOY
Sk IRROE T r2ELEE A

FO0DF THANDFE 300 T I
F TR 0N Qi
I ONIR T HORA R NN
T I SON DY

“EF ORI

STHIM Y b SHOKN NG

NI FLHARIH IO DLITMT

WO gXR

¥

WCEI O Tl

ASTH LI

g

"a3d@HOLL

51 3HIH I A LW WSRO D P B35

S0 HOESIHESS M3 A SH rDHLY
210HM W S B0 (B A SO DNO0E 23
Aplb = SEIH SH WA LW WEROD D r BRI -
40 A rE3S08L 23D 2Hr B DWIMEED

SIHE S OO SO0 B EOH M 3H

VUMD NS S ONY A Wl 14534

FOOg

FO'El

Appendix F24



PIN BUSHINGS

!

L=k

142 | 133H5 1 1= T = e 4
Buysng plesm szo W

T2 D] 385

UL

SUY( WepY

iIwa

ELak o]

c

Shiyal 41y I 1Ok G0

LEL FI

I lAlo PR [=l=} ==
e

B WALMAT
slkd A4 IHITAYAID)

@ THIIHMOIT L343

MW TN cogm ey 2aa 3ol 13m0
3 IMMIE 3018 Oml

I g gngd meowE IO
d3voano T I5hO | S
STk IO

P STuhI M 10V DI I NG

O34 234513 AN 1O EEIIMD

Qog

hoodgr

+

La=15 = LFFL 3

LT 13 b

k)

aLuind 034

FIAIAUAIHYA hAYdHOT SR AR

A0 ADIEFI M AduldM s anoddw
J1DAM ¥ FY¥ A0 2a%d A ADLTN0034.4
AdY JAAIHYA LAYAHOT SR AR
40 A A40A4 1105 Jda B TdIM YA

Sida Al Q1A YIA DT ADLY HADIA

TRIHIOUS 0T O P LRI O

QLE D

052" L ih

Appendix F25



L 42 1 133HE LHDISn,

!

M

L2 %33

Buysng plem x| | W
LT T T T = i Y

JUYd(J WEBPY

d1lL

FlR ] EL O

£

Shlvrad 41 ¥ 2K 1Ok GO0

LEL F

Z1alDime POy RS
(LA B TFR

B M RSAT
5lha = A4 AT AY A0

wo ELTREL-NE T LETFL |

TAAVTHI D OTar e 230 33%14 33441
F WA 3014 Dl

MV g g zeowEWInTHY
LErE T =T
EITHwAIIO

Paee, D S1HI01 Bl 385 AT I

SO3412345 13 b IR O EETINA

o A— | | QS

ha o4

+

LE=TIR s=TIFFE 3

LEEY I b

g

LiEAdADad

FICAAA JMY A LAYAMOT Adr AT

IO ADEFIMALS A LdA M s aND rul M
J10dW ¥ VA0 AYd A AT N0 oA
AdY A JMY A LAYAMOT Adr AT
A0 L 40A4 J 105 dr Bl O A MYAND

Sirda Al 0dAIYad 07 A DY HAD IA] I

TRIHITIN O O E LI PIIH40Ad

0L

057" LY

Appendix F26



HYDRAULIC PUMP MOUNT:

L4C 1 133H3 JHDEM 2 FTW IS

v

A3d Ll § I R il

a21od Hoog Junoud Aznd

E=Rlinn

m::um Eﬁﬁ.ﬁﬂ 3% JEh

1Al o]
LEIM AT T
WO

MW TH
EEEL e ik ]
[ E g L]

Mo YAd

oS
J

£

Shi¥al 41 ¥ I 1Ok GO0

HIM1

Eegs =pad g |
I'ed & 314
H.EF R o b E Bl
JAIIDI T 1840 1

TOTOE IR 230 1200 134m]
T 20 300 g Dol
FONIT Fu2W Y INTDNY
It O1 20w

ot L Rl

SIH MM 34 BN O3 I

OIMID345 33 e dn 1D BRI IND

L= Ch)

¥ g
=110 A=TIFFE 3 bl LoalE]
3 =34 W AN 1N T -
T IR AV T4 M3 A IH ] IRDHe,

00w, W SR A0 1A% M MO 120008434
AR T A TN W AR T A 5 -
A0 AL 300 005G 391 3 2 ]

THl H AFIANDD MO AN 3]

TEUHIJHNSSOM e A TLIM 404

Appendix F27

*

g9

QoS 0L
“ 011" |\\1.ﬁ._w. |
_“U__“U_m.- —— p——
Qoo
noge g
08y
Qo0 | ml
_r
GLE
0054 = 005"




L4C | 133HS AHDEM F L FTWD0E

v

A3d oM Dand | 3ENS

poddns pasni Jemo| punow A nd

AL

UYI(] WepY

3I%0

Appendix F28

£ + g
b Fad 'Y IN 1Ok Q0 L E=TIR s=TUFFE 3 bl Ll
R LR == T
- [T AOMOITE W 34 M 3 LA T 0] RO
WM 110Hw % TRAS 8% M MO IDN008a38
. AR AN IR AR RN 1 3T
Saloiss | paEgs s g | 10 834004 1106 M1 3 T oAl
S 1A 3 THl M QN MO TN 31
: 1814 THATRREI 1O TTUNITHH TS AN T kA TLIA4D4
o A 1IWOIT 388 T I
ThaaW T EaTOr 1 D30 301 334
. FOIWAMII 3T 14 Ol
AMFINT L gpa o A INDRY
e T LR M [l Y
bt f Tt T
v b M T PR W L X ]
ELL TOIHIDE45 39 wd3H 1D S5 IMD
| | |
——— GEEE ==

Qoo |

SLLE

t————— Q00"

oost g

[

=L A

oo £ =




L4 | 133HS

AHDEM FLTDS

v

M3y oM oA d | 3715

LUNOL JUnoU Asjnd

U] Wepy

101

ElRs]

ELLt ]

Praliome]
B LT Ll )
g

A4 TN
EEEL g o}
[k b ju: L]

[T ]

£

Shi4 il 41925 1Ok G0

HIM1

EEys S 1|
I'dd 31saM
‘14 THDHYEIIO]
Ja 10T 18443 1M

TOTIE e 230 3219 334u]
T A0 10w 1 Dol
FOMIT 3 INCAY INDHY
AL e L]

it e L E R L]

S3H MM 38 T O IO

POIAID45 13 b dn 1D S5 IO

— L (5"

hoodsr

¥

hall¥allaar

ML I b

)

"IN HOAg

3 <24 3n IWohe abgtgT T | 35 -
Rlalila b Lp EELLENIIRE LT RY call 16

T10me W SO 1A W RO I2N0Cd 438
AR 3N TH IR AT 3T -
A0 AN 34004 I005 301 3 D eniad

FHl H O AR MO ATHH] 3R]

TEUMIIEN-CSOMY LA vLIM 404

- 00570 ——————————=

= 00°7

e 0575 |l_
0zZ9E _..T

SLE G i ¢

—em] 057 fm—

GO |fm— —md OGT°T

000" ZEh

0gitt

— OGEE

——

(1=

0SEEL

Appendix F29



L4401 133Hs JAHDEM 203733

v

A3d DM D 310S

slassn Jaddn Junow As|nd

101

u:—ﬁ—um :Eﬁ.{ﬂ 3% I

£

Sbih¥ab 419 I 1Ok GO0

==y =g L

HEIMA

ZiAlTun]
B LR Ll e [ I
BLEE R Ll L E L]
o JaDIT 344831

AW IHW o v D30 300 3381
FOIAMIEO 3T g Ol

A4aw TR D00 7 0 TR A IR
a3I4ua et 1w
E3 T 100

[P S3n 201 M 38 B O T IRAD

SO 45 13 wd 3K 1D BRI IND

=

¥ g
LR=1IE s=1LFFE 3 bR b Ll E
3 <2 IH IR RO 3T -
[ T 1R 1OMOIE 34 M llAm 3 ]I RDH

F10Hee, W I D 1A% M MO 121304438
AR T W TH QW ARO[ I -
A0 A8 34004 3108 3] 3 D d

IHl M ATANDD MO ANMAIHM] 3]

TEUMITHM-CS-OM Y WAl IM 4044

]

o0 £

!

eraA=g |

= R

5

Appendix F30



HYDRAULIC PUMP - BELT TENSIONER:

L4 | 133Hs BT = L R = I

v

M L I 8 =il

olp|d Jsuolsus|

A101

“::“ﬁ“—” E.mﬁnﬁd aIa et

Ao
B LE Ly )
O

EEER =]
EEEL g}
Lok e L]

X ]

£

ShiFad 4 ¥ I 1Ok GO0

+

L E=110 A= 1LFFE 3

)

"JINAHIES

ERELELE Lol T T i R b B
Rlalila b Lo EETLENILEE LT RN all 16
F10me WSRO LA M RO ITN0od 438
AR TR IR AR 3T
A0 A8 14004 3106 301 3 D ]

Ful M O HIARO0 B ATHH] 3R]

TEUMIIHNTS-OMY LA vLIM 404

Appendix F31

- 0se

MEHL 329 %

hoo4ge ML IF bk

HI M4

Spoid |2 oL
I'edd 31N
“a14 DDA IO]
810301184031
TOTEE W 230 10%14 134H]
A 2Ad 301 Dol
FAOMIT ¥ INDNY
It 108
SEIDHYAILOI
EIHIHIM 3% O30
CJINID345 13 A 3N D EET IO

GLE

GIE



L4 [ 133H5 AHDIEM LS FN DS

v

=L O oad ] JEIS

l2onds Ag|nd Jsuoisus]

1L

UYI(] WBPY

1 e

a0

s

ShiYad 4SSOk GO0

+

=115 s=1IFFE 3

hoodin

WM

1 alE e [=l=F =0T
BAITE ZHA I
’ 434 THZHVAT IO
WO jm EYE U ST E TR
44N pamE w030 33019 338H1
. LR b R e PR
S Y [ VR b e
[a |’ b1 e ]
ot fm T Pl
Mo a0 A Ul R PR W f T
TQIHID345 39 b3 10 55T 1D

ALTY 1

LELL L]

3 <3030 I ARO[ S 3T -
RLalola b Dy FELLEIIELLE RNl 10
10w, W S AD 1A M RO 12308434
Ab T AW IR ARANO T A T -
A0 AN T8 1108 30 3 2 v d

Ful M O HHARDD O AN 38 ]

TRUNITHN-CSOMNY LAeLIN 4544

Appendix F32



143 L 133Hs JAHDIEA LG TR DS

v

M4 L] 71 = il

HoYs jeuoisus)

J11L

U] WBPY

ElR]

0

c ¥ 7

Shit a0 ¥ IS 1S GO0 L E=1k J=11FFE 3 R EN b Ll F]

T2 I0 FR AN RINDD AT

R R 10T A 1 b 3 LA 3w IRl

WA 110 % TPAD) 1A% M B 1200034

. TR T AR S YT, ¥

ralmine ol PR A0 AR 34004 3106 301 T eipa

ETER Tl H QAR B OS]

SISO ;
‘414 DIt TP UNITHNGS N T A TLIM404

v JAIROIT I IAa I
AT g v D30 30904 3341
: T TW L Dl
R [ VR T Eraetr e
Qe T st 1T
ot h R T
M v SIHIHI M 34 34 T A
SOIMID34% 13 k3K 10 551 1D

Appendix F33



HYDRAULIC CONTROL MOUNT:

{40 133RE AHDNAN Z TV OR

v

FE ‘OM ToMg) 328

ousod spiod O ©ASY

BN

Uy Wepy

0
/

Aukd

£

SNRARY G I 00 O 0

HEWIH
A RO Iaale 1es s BEE )

TRIEI W

= oo “W2d DD Y RN D

) Dir3n03 D0 r38d83rM

WY SN cpppr WANDIE 200 T 3THHL

; OISO IONT O

BV ONT | o gn2e T RO R IRONY

GIFITHD 70 MO D

CIINEET O

MAKHT SN M THY SNOISN NG

HN SOAN DT FTHA NI LD SEITMT
o8
(8.8
La

WO aXn

F

SO Y

g

TOEdPHOEL

Sl = ZHIH IR WA LM SR DD rEIEM

30 SOESIHES M2 A SH e nDHLY
3T0OHM WS B0 rlWd M SO DINO08S38
AR T ZEIH SR KM AN VIRD D rE3E
A0 A B2 208 2105 2Hr B DY ED

SIHE R O3 DD WA AL O SH

ASTH LN

TEUMITHNCS MY A wLIdDdd

gl

0a°g

A

g0

FOE

FEts

Appendix F34



HYDRAULIC CYLINDER(S)

(0SL°09>

.
D B :
!

_

T L] SAN3 H108 dAl
\ _ 0028> B3 ¥0
30 81-91/6

(2) 9% 3vS

— -— 001

G

! 7 \ —
DIDALS 01 -
4 m%e
I

_ 3LoV3L38 S1/1% v/1 L1 |

52589 3N 'N100N;

IS 4OnISOM CSL0L
woo s uadsnjdinsmmm

e

0L-85CL-6

Appendix F35




TWO GROOVE PULLEY

14O [ 133H:

AHSIEAM &L 37905

o) FE-FF | 40y peTl B0

m\: _q [oelz ol 2215 219H £ "oN

M4 oM Coand | JEIE

Ag|ind Jag-n sa00ll 2 Z1-F2-1

E=Rlinn

aUYEsd LUDDY

L= 3793
wI%13a

EFLT GEly

] o e Leha || e B
B LR Lo g}

O

AW THIM
EEEL g i} ]

[ERp: L]

LR e

3% e

£

ShiFab 4195 Gk G0

HEMA
223
Il A

[LEER L kL]
JA IO 1843 1M

TOTOE 1'% 230 32054 134m]

b

14 2400 320% 1g e

B2 ©00 76 W AW INDNY

It alon
ot e L E R

SIH 2N M 38 MO0

A2 45 33 wddn D SEIIMD

-9 NOILD3S

ool Lgh

005 1 P —

_U__U__.. — |

OF £
el |r| = \\\“]l
J\ 00" FE /1\ \ /
05 f— 1 L
AT - e | 57
08|

—
-

4 g

Rl Ltk

3 = IH I AMANO T A 3TN -
AOMOEI A 34 M3 A 3R] TRDH] e
F10Hee B S D [ M O 12008434
Bl s CELEE L o b L ahm R E - L B
A0 AL 3400 T1TE In ] 3 Dk i d

Ful H ATHANDD MO IAHSTHNM] 3H ]

TYUMIOHNCSAOM Y A vlIH4044

LE=11R A=TFFR 3

hoodgr B k]

05 24 .\\
001" L

L5171

— LDEZ

— LEF17L

Appendix F36



DIFFERENTIAL FAN SPACER

1 4

40 L 133RE ARSI TR DY
g gy 2dluauony
{ R B DAL D g 30 0W 3G QU Ny

[T
A O TaMa S
TANIAOD

L

1900dS ub4 o

ol SN
=y [r=p bact ol

AR T
O.—E@Q Em@.dﬂ EFge ELLO

£

SHEAKET I 20 JON OF

HEI

THEI W
THEIZ DWNDM WES DY
iUl a b a U ST

SO0 THARDISG IR TG ITHNL
T THADIE 30K Ol

T NEE T RO RS
T TN D B

EIINEHITONL

SN A I S R NG

SO DS LW HT N O SL I

NO o

¥

SO

ASSH LN

g

T3APHOLS

T4 3U3H IR AN SO D B M

A0 OB 3 30 I SHE P OHLY
2W0HM B S B0 e S R0 DNO 0830
Aty T 3UIH IR Y SRO D B
A0 Ap83d08d 3105 IHF 51 Db W BT

SIH S TSN R0 T O S O 3HE

TPUMIDENCSSON W AT HdTad

&0

SEED

oee

Appendix F37



GAUGE CLUSTER

!

40 133HE ARSI gL WIS

v

L OM Mg 3708

sobnob 7 ATy

R

SUYa(] Wepy

BN O
"o

Hadly S
Wl S
AADIND
R

Iy EaLi

|5

[ 5

(00}
. o
SWILMY LD K35 108 00 AT Y 03 R Oe L
514 2EIH 3P YR LA VIO (B35
. P 40 MOESH L S 300 WM 3Hr (UTH AM P
rowm DT D E LD b A A D00 2 i
. a AW S IEIH 3R AN VDD S35 o
LA mer | aar 1 aa1s BB 40 AiEa0ES 2105 SHY T DNIYED =
[ S A1 T2 AT S S SEI 3Hr [<5]
Edd DDAV EDD 17UN I NG D AN A W11 BT84 W
IR PRI A
EO0 R THARDS T 200 T ITHN L
FOTRARISG ION N O
FOONIE FHIEA RN
o Pl )
CRINEEINOL
SR N FHE SN N
QR dE FEARIH IO LI
I ,
= i T =]
r]lv
—
-
o
— (¥}
. =l
ke
P50 | &
—
.
o0e _
N
f= I
o
|




FILTER BRACE/BRACKETS

{40 L L3FRE AN T TR

v

A3y N TaMa FAS

900.q 1oyjij 1oddn

e

QUa(] Wepy

VN

oAl yal

LAV OD

L=}

‘it S

Hdb ST
QILIIHD

AT

£

SMARED I D0 ON O

HEWI

Jeas Jesys E7 |
TR W
BS DMIDE B2 Dr
e TR g a b hn W R I

S000F WHNDIG 300N ITHHL
T OVMAIIT 200 TS Ol

T OWFT I HIR CE TR SN
TN Db S

“ERONEHIOL

STHION M Fil SMOKNIAT

CORNITAT FTWARTHID STV

00 S

F

NI Tdd

MO G

g

AIAPHIEL
S1=3UIH IR LN RSRO D r 835
30 MOESIFEIE S 3H NOHLY

AT LXIN ERtaT TR EAT R L P a Tl Fa Fa T
ARE CJEIH H WA LA VRO D (B2
1004 B3SO0 JU05 IHy 51 LAY 8
SIHY W1 SISO MO R ORI SH
TPUNITHNES OH W 7L 4004
a0°e
o0
2870
¢ et
=
i
]
o
]
o]
e
[
]
\m\.\l.. "
s
~
5.
=,
b
]
]
o
i e
o]
ol
SE ]
29z
582

co'F

Appendix F39



! [ £ ¥ 15
P40 13388 AR Z YOS SHIART G I 26 20N OF NN Tl ‘az4aHOLS

Sl = 2EIH IR A A M REROD (BITN -
30 ORI D S 3H TDH LY

Appendix F40

e NO a3t ASSY RN I1TMM B T HO AV A DD OESE
LD |5ays 5By BT | AR ZEIH 3R A LR PO B3
. . R 40483400 3105 Hy T e MSa
AT Ok o S WL SIHE A ST SO VHETHA 3H
¥ o2 “Had OIS VB TEUNIHMTD O W A w11 144044
o THET RO (M SEIA
SA0UG 124 12M 07T 2 ASy A SV gz MIROZQ 30N Ta STNL
. H
BddW INT | ognap T HOWAEEIRDNY
. I
i B BHrityy
@.—HH#OD EHM ‘{* A T e b e ey B
,—u HYT ELLLY { QN DTS TSN HIN IO STITRR
s
e
Rl
_
aro _ Loy
]

o0°e

Je

Je



RESERVOIR BRACE/BRACKET

20 L33RE

ATy

1=92001q So4 £ Ady

ARSI FL VIS

v

TON DG FAS

AUy Wepy

B

LA

ELL b

sy

Appendix F41

0o'g

Fa'e

e F 15
DMPARE T I IE L0 O MO Tt “Q3aBHOS
51 38IH W W AN YIR 0D (835
30 HOESIN LSS M3 3H (OHL
HERNS M0 a3t ASEY LA AT0HM ¥ 5 80 r8%d A SO DNO08S3E
. AR S IEIH SR KA LM RSO D (BIE -
[RAR LT LN EET NN E=T=TH (o ) = 40 4 l3200d 3105 IHY 51 DR LED
TEIE SIHE S Q2N SO0 SO0 FREDH R 3H
* o2 “83d DHIDH R LIIO0 TEUN 3D HNSD ON T ML 1403
B L3R03 D e8I
Wl SHY | cpgr WA 30K Td ITHRL
. FOTRMAROS G 30N oAl
BAE DT | T 2R T ORI R TSN
GINoGND I 70 WO D i
5T WU
prat I STH I M FH SNOENINT
CAINDIAT FEMARIHLID SEIING
|
ol
ry
-
gl dpr‘.
£
3
TG
\
1
\IHI/
. |
7u n...mm_ m, |
2|0
[84]
IS | €
& |
- 0
e 150 08°6

LY




KICK STAND

(I REE S AHDNIA 1 Y Ds

v
AT b A 3R
8J0jd PUDIS YOIy

RERTY

SUYS( WePY

TiAND IO
BN O
"o
ol S
ol ST
GIHDIND
AT
EX) NN

s

s

£

SARYD W00 1ON OF

HERI

S0 S8, EED

RSl )

TEEd DM K EIDr
DI 203D rab SR

E000F THADIR 30N I TN
O THAID QI DN T Ol
TONIT T NIRRT DN
T T RO i

CEPIM i o

SRR M IHE SHOENIAG

TERANIILE ITHARIH IO SEIINR

WO D Y "O2ABHOLL
Sl 383 IR W AN RSOD r U35
30 FOESINESE W3 e SH ¢ rOH LY

NGO QxR ASTW L3 S10HM B ED BV S A MDD O08S3E
ApIb o SEIH SR WA LA RSO D rE3RN -
40 A B3O8 21D SHr BT DM ED
SIHE Q2N B DD SO0 R DH A SH
TEUMHITHNTS O W w1344 044

54°¢C

Appendix F42



FLow DIVIDER

AT T T L] CIND TIIWOAVHOAH 40 REYIQISENS OIHAG
XK-X-0-S¥-01404 i (wdy p5-51) wdb G1- |¥ QILVY 05706 - © 8
Mm:g zwm | 40 0 137HS T Y iR 1 fehata o | [BY 11701 41 vZ°0 CLKOIIM 39014LEYD [wdy ¢p-¢1) wdb 2y-p 1v¥ QIL¥H 05/06 - 9§ 9
: - B $1 L1 COHYNI0 WOSN Wen13d 41 193r0NS ﬁEaA_“_ ¢ __..m.____nw,am Y Al oerae e it
- H W) gE-676] wdb 01-6°7 LV QILVH 05/08 - ¥ ¥
: rowdiiog y Beve'dis RSN (wd) g se-57c) wdb |61 Ly Q31w 06106 - € €
o w - w
IAIYA ONINIGHOD / ONIGIAIQ MOT ST B L Ry WIS LS LR e
- — =il E= @) | 31905 10w o INYHLIENATOd - ¢
2:¢ NOLIA - A
3540 {vH4AAH Lrnde poions Svss N YNAB - N
$1v3s
[U-K PE] 91-4) 62 INOUOL KOILIVITVLISNI (140q] prsd) JUNSSIUd TVIINIHILS1Q \_r ATNO 3901414V
"39¥d 20UVLYD LINAOHd 21412345 NO Q3L0ON (3Led Lol (3 Les] |_| _za:,__:m_ohz_oﬂum.ummz._wﬁ_wmw
41034 ANG IHV L. HOILYIHYA 3O S3IUNLYIS - ew voor 000¢ 0002 0001 ¢ XK - -0 - 5v-014d
ST IV sIovl B - 2
NO 0314153d% 3S1MHIHLO SSTINA - » (5'e] 01 3 (1) 1404
“AA¥4L04S WOMA IHY SHLAID - » = —f———— e . [ P
MTITL 10070 NIHLIM M
JI¥4L045 OL HYINDI0ONId¥3d r . =
qHY "HT1L Z00°0 HIHLIM DIHLINIINOD [9°110°¢
38 oL_SYILIAVIQ I33HL - @ I N S
ATSN0INYLTNIS OO0 1 HIVH_T8 Ny e | o = (@ 1y0d
17140 SSOHI ¥ 11180 10T1d 204 (P ne | o @
1d33%3) SIUALYIL JA0BY 3IHL - =]
TEYHW 295°0¢ 17140 10714 ' . E]
_uwmn uu_..__wmp.-u...__. NOILVIHYA ALIAWD ey -————-- rrsi oty —r
hod i s S s S O N i 0w ] @ |
xvn . P (6811 0°5 = ® (6°€9]
99270 & i &2 [3,06) 4,0¥1 LV 110 [$AS 0GI) #52 2¢ A
- (3Q0W INIQIAIQY FF-N-0-GF-0104
- : (dd-¥d) JUNSSIYd TVILINIHIAA1T SA MO
S #2009 F-0138 TALIAYD ®uwed |0 O
i _ il TI00W 89- HO4 K61
096" 1 s STI00W 85- ONY §5- 'FF- £E- '22- ¥0J MG LIINI SO EOI CAIVHNIIY MOYS ! !
oee 1 T ] MOT4 LIINI WONIEYA 1Y 409 67021 154 poc :d0UO 3¥nSS1ud "
) V 0000 [4eq 1p2) 16d 0OGE ZIYNSSIH ONILYHIAO WNNIXYA |
TJD s10°0+001°0 MQT4 L3IND WNWIXYW JO £01 AT3LYWIXOQ¥ddY #OTJ ONIZ INOHHINAS ( )
4 i 8¢ 3002 1300W - [wdj jG-611 wdb 0'Gj-0°¢
S00 0y 99 3003 1300A - [(wd| Gy-1] wdb g 2ok
o 200 0% §5 3002 1300 - [wdl S up-gt11] wdb gop1-9¢ - - [8°4L]
¥ 3003 130K - [wd) 9¢-¢'g) wdb gog)-5-2 . — g0
ol £¢ 3000 1300W - [wd) §'82-67G) wdb g'[-5") WHH-XF -0 1 ¥S —
v 0 S29°0 X GZ-ANNPI-G/LG 22 3002 1300W - [wd| gl-p1 Wdb 0°G-071 IINYY MOT4 LITNI INERIER
+ Mm wwm_w “ mm_.wW“mm_m“mN TSI 14340Hd ONTIYITHENT HLIM
' : : : SAINTS J1INVHQAH J1LIHINAS O 4IS¥T TW43NIW NI 350 HOJ QIONILNI ¥IH
sG] poiig mww.““mm.um% S1 IATYA THL "SIQOM GNINIAADD ANV ONIQIAID NI MOTA ONIZ INOHHINAS (£°5e1
% "d0 1E0°0 X AI¥AL048 g1 1@ WMQ_L.—DMn_ u_____.__?._. u_.___. .sz___._azDu u::ww:_n_ OZ_._..._.m_uﬂ_D Eu._.w.rm “_D g
$$IT04¥I3H SMOT NUNLIY OML 30 ONINIGHOD 40 DT LITNI 40 KOISIAID [y
P-019A ALIAYD TYNOIL40408d ILVSNIJWOD JUNSSIUd SITIAQHA L1 “IATVA ¥INIBWOD HIN k
£ ¥301A10 MOTS 3dAL 100dS “IDATELYYD NI-RIHIS ¥V §1 Sv-0104 FHL
ROTIVTIVISNT SNOTIVITITIIdS TNV NOTIdTEIS30 INTTIND

Appendix F43



APPENDIX G - BUDGET

Froat End LoaderSaow Plow fir a Persomal Lawa Tractor Emiget

Appendix G1

Donated Funds $2,500.00 Personal Funds $3,980.00 M””Evt;i]" Sdiss M””;‘;LZ& e Totaks (USD) Total % Diff
5 6,480.00 $8,767.58 54,977.06 49.05%
. .. Eslima.tedmecured _ Estimated Budget .
Catepory Componet/Material Dezaription Versdor Price s (taxes Shipping Cost Total(s) True Expenditures |% Difference
included)

[ bompe | bomple | Bomple | Bempe [ 2 | s [ s [ s T a |
iydraulics Pump Pump surplus Center 700 15 715 B9 EE
iydraulics Cylinderfs) Arm cylinder(s) surplus Center 500 30 530 202 [~
iydraulics Bucket cylinder{s) surplus Center 250 10 260 101 Bl
iydraulics Fittings Fittings Cincinnati Hose and Fitting 198 198 850 35
ydraulics Quick dissconnect fittings Cincinnati Hose and Fitting 250 250 0 100
iydraulics Thre ad Seal lowes 7 7 1] 100
iydraulics Fitting/line docks Cincinnati Hose and Fitting 230 230 1] 100
iydraulics Fitting Caps Cincinnati Hose and Fitting 35 35 1] 100
iydraulics Temperatue Gauge fittings 30 30 15 50
iydraulics Seals 7 7 5 o]
iydraulics Hoses/haord lin es Main Hose/Line wrap 35 35 1] 100
iydraulics Main Hose Cincinnati Hose and Fitting 441 441 1] 100
iydraulics Thre ad Seal 10 10 1] 100
iydraulics Main Hard Line Cincinnati Hose and Fitting 60 60 1] 100
iydraulics Temperatue Gauge Hose/Line 35 35 1] 100
iydraulics f ting hordware Clamps Cincinnati Hose and Fitting ED ED 25 (7]

Hydroulics Brackets off-shelf 100 100 1] 100
iydraulics Brackets Machine Made 25 25 1] 100
wdroulics Zip Ties 10 10 10 ']

Hydroulics Hardware/faste ners MMC 66.08 El 75.08 45 a0
iydraulics Reservoir Reservoir Donated |Firestone) 150 150 1] 100
iydraulics Mounting hardware 15 15 15 a

Hydroulics Manifold(s) Flow Divider Donated (Hydraforce) 100 100 1] 100
iydraulics Fluid Fluid TBD 45 45 30 Es)
iydraulics Cooler Cooler TBD 50 50 1] 100

Hydroulics Filter(s) In-line Filter and housing Donated {Atlas Dowel) 32 32 1] 100

. Muts, bolts, Screws, washers, lock

Hydroulics Other hordware 100 100 25 -

washers

Hydroulics Set Screws 15 15 15 a
iydroulics Cotter and other Pins 10 10 1] 100
iy draulics Rivets 10 10 1] 100

Hydroulics tooling Other TBD 0 1] a
wdroulics Drill{s) 25 5 0 100
iydroulics Tap(s) 15 15 0 100

Hydroulics Row Material Sheet Steel 12.5 12.5 633 L
iy draulit Plate Steel 31.25 31.25 1] 100
iy drouli Plate Aluminum 40 40 o 100
iydrauli Other Mochine Time 535/hr TBD 175 175 1] 100
iydrouli Drive Components Pulley(s) Surplus Center 50 50 45 10
iy draul; Belts 62.5 62.5 30 52
iydrauli Bushing(s) 15 15 o 100
iydrouli Tensioner(s) 30 30 70 13
iydrauli Bearingls) 35 35 1] 100
iydrauli Controls Main Controls at gty. 2 Surplus Center 380 380 224 1
tydrauli In-line valves 100 100 1] 100
tydrauli Raw material (Bracket) Controls 25 25 o 100
iydrauli Mounting hardware 20 20 1] 100
iydrauli Other Thread Locker Lowes 5 5 5 a

Hydraulics Fluid Temperature Gauge &0 60 58 3

Hydraulics Grease fittings 3.25 325 0 100

Hydraulics Grease G 5 0 100

Hydraulics 18D 0 0 [

Hydraulics Paint Paint ColorTBD Lowes 0 0 [

Hydraulics Brushis) 3 3 0 100

Hydraulics Spray Canis) 9 9 25 178

Hydraulics Powder Coating 18D American Metal Cleaning 0 0 [

Hydrauli Cleaning/Prep Stuffs Solvantis) 2 2 5 150

Hydraulics Rags 5 5 5 1]

Hydraulics Containers 2 2 0 100

Hydraulics Brush(s) 2 2 0 100




HE

178

35

316
0

25

25

317

25

200

35
350

35
4.25

3135
125

100

3125
125
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85.19
85
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
A

10
3
125
25
10
10
15
2
18
50
50
2
5
2
20
10
30
20
25
10
120
62
2
5
2
B
35
35
30
30
15
2
5
2
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0 0 [
0 0 [
0 0 [
El ] 0 100
0 0 [
70 70 0 100
0 0 [
20 20 0 100
0 0 ool
5 5 0 100
0 0 ool
0 0 ool
0 0 ool
35 35 0 100
0 0 ool

2 2 0 100

5 5 0 100

2 2 0 100

0 0 [
0 0 [
0 0 [
El ] 0 100
0 0 [
0 0 [
0 0 [
20 20 0 100
0 0 [
0 0 [

5 5 0 100
100 100 0 100
100 100 225 1%
60 &0 34.04 B
50 50 500 900

1700 1700 0 100
9767.58 4977.063333

Appendix G4




