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INTRODUCTION

Motivation:

Eastern Washington is a major farming area that is growing very rapidly and one of its
main products is the produce, apples to be specific. H.F. Hauff Company Inc. is a company out
of Yakima making chemical wind machines used in apple orchards and innovating agricultural
machinery. The combination of Washington being home to the apple capital of the world and
H.F. Hauff Co Inc.’s agricultural innovations, the motivation of this project is to design and build
a convenient electric pruning device that exceeds the cutting potential of the devices used today.
An average orchard contains thousands of trees and to keep apple trees alive, they must be
pruned annually. Electric pruning devices used now are only able cut specimens under an inch
and a half. Invented for pruning grape vines, it does not cut large enough branches nor is it
durable enough for pruning apple orchards which forces workers to prune by hand. Manual
pruning is very physically demanding and requires many workers to complete an orchard costing
farmers more money. Workers need a device that is capable of pruning trees throughout a work
day of work that doesn’t require the physical strain that the devices in modern agriculture do.

Function Statement:
A battery power device that is light enough not to strain the user and able to cut apple tree
limbs throughout a day’s work without malfunctioning.

Function Statement (Drive Train):
An actuator that connects an electric motor to a pruning blade making it cut and return to
the open position.

Requirements:

Capable of cutting a 2 inch diameter tree branch.
Cutting blade must be at least 30” away from trigger.
Must weigh less than 3 Ibs.

All components combined must cost less $500.

Requirements (Drive Train):
e The blade must re-open unassisted by the user.
e Must attach to a standard drill clamp.
e All parts must withstand 443 in-Ibs. of torque and 1000 Ibs. of linear force without
deflecting more than 0.25”.
e Must have a 90 % or higher power transfer efficiency in order to provide 900lbs of force
to the blade (to cut a 2” branch).
Drive train must convert rotational motion to linear motion.
Must be at least 24” long
Must connect the motor to the blade.
Must completely open and close the blade.
Must fit within a 1”” diameter housing tube.
Drive train itself must weigh less than 1.25 pounds.



Engineering Merit:

The ergonomics of this pruner is the emphasis of this project. Overall weight, length,
power transfer efficiency and Blade geometry will be the factors that contribute to this pruner
rivaling its benchmarks.

The drive train is responsible for overall power transfer efficiency and the systems duty cycle.
The formula that will be used to find the duty cycle rating is D.C. = (Tc/ To) *100, where

Tc = Time of cycle and To = time in between cycles. The drive train uses the convenience of a
self-reversing ball screw that is capable of returning the blade to open unassisted. This makes the
time in which it will take to cut a branch much faster as well as the time to return the blade to the
open position. As for the power transfer efficiency, the lead angle will be one that is steep
enough to be able to cross paths, require less rotations but still provide optimal power and
efficiency aspects of a ball screw. Trigonometry and the general ball screw equation of Linear
Force = (2pi*Torque) / (Lead Angle) will be used to optimize dimensions.

Engineering merit is also present in the selection of materials. Stress equations:c = F/A; AL =
(Force * Length) /| (Area*E); T = (tmaxx*r)/Jand P = A* Sy * (1 — (Sy *
SR"2)/(4pi”2 = E) are used for average shear, tensile, torsional and buckling stress in the
power system components helping establish dimensions and material in which are optimal for
weight and durability. Material selection is critical for each component in order to meet weight
and strength requirements while also keeping cost down. Well Calculated attributes will be the
difference in the merit of this pruner and its benchmark.

Success Criteria:

The success of this project will be judged on whether or not the main requirements are
achieved. Evidently, the pruner must be able to open and close electrically. Power efficiency,
cutting ability, convenience, cost and weight requirements have been set to ultimately compete
with other electric pruning devices.

Scope of Effort:

The Focus of this design is to effectively transfer rotational energy to linear energy
without compromising the power that the impact drill is providing while also returning the blade
to the open position autonomously. With minimal power loss, the drill will use its energy most
efficiently and autonomous return provides convenience/minimal physical strain to the concept
of the pruner.



DESIGN & ANALYSIS

Approach:

As stated before, the difficulty with manual pruners is the physical strain, time
consumption and the cutting force that loppers are capable of. The approach to simplifying the
pruning occupation is a lightweight, electric lopper that eliminates the manual cutting action of
pruning. The device cuts with the press of a button requiring the user to simply place the pruner
where need be. This approach uses much of the same technology as the Tree lion because it is a
well-designed device but built accounting for the pruning of apple trees which include limbs that
exceed 1.5 inches in diameter. A larger motor will provide more linear force and allow the
device to cut through larger branches. This process incorporates a further efficient blade (Wyley
Stewart) contributing to the power transfer efficiency. The housing of the pruner (Brian
Woolery) incorporates the overall weight of the device keeping it under 3 pounds.

Innovation Methods:

Several different ideas arose for converting rotational energy to linear energy in order to
run the blade efficiently while keeping the system as light as possible. The first idea came to be a
blade run by a chain and sprocket. The pros to this setup was by far cost and weight. A short
chain and simple sprocket attached to the impact hammer would provide linear movement and a
pulling force to the blade to make it close as shown in Appendix Al. The problem of this idea
was its durability and power efficiency loss. The chain would become slack within the housing
and a sturdy spring must be attached in order to return the blade open. This would all
compromise power which is one of the main scope of efforts in the design of the drive train.

The next idea that sprouted was the thought of taking the impact hammer concept the
same down to the head. A shaft would attach to the gun just as a drill bit would making it easy to
install and remove. It would then have a cam at the end that would strike through a lever arm on
the head as shown in Appendix A2. Again, to make the blade self-retract, a spring would need to
be in place which fights against the cutting power losing power efficiency. The shaft would be
the heaviest part of the system which could be tampered with the material used and thickness of
it. The main factor that doesn’t work about this concept is the bulky area near the head for the
cam to rotate. Also, with the impact happening at the head, the parts would ware quickly.

After examining the competition, the most efficient way was discovered in the form of a
ball screw Appendix A3. The ball screw would attach straight to the impact hammer just as the
cam concept would making it easy to attach and detach. However, the ball screw converts the
rotational energy to linear energy much like that of the chain and sprocket idea. The shaft
material could be tampered with similar to that of the cam concept in order to account for weight
but not have the bulk housing at the head. Essentially, the ball screw contains the respectable
attributes of the other two concepts making it the ideal energy transfer system for the device.
This decision can be justified by the decision matrix occurring in Appendix A as well.

Design Description:

Due to requirement allocations, a self-reversing ball screw is certain to incorporate all the
qualities of a ball screw while returning the blade to the open position without the operators help.
The design of this pruner drive train is shown below:
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The cutting cycle is initiated by a single pull of the hand trigger. As the motor is engaged,
the ball screw turns rotational energy into linear energy. The pruning blade is fully closed as the
ball screw reaches the end of its cycle. The end of the thread curves perfectly into the opposite
path of the ball screw and the drive train will begin to lengthen and open the blade. Once the
blade is completely open, the ball screw is then at full path capacity and begins to transfer paths
in order to begin another cut.

Benchmark:
Tree-Lion:
The benchmark for the design of this electric pruner power system is the current
power system found in the Tree-Lion D45-900 electric pruner. The Tree-Lion pruner is shown
below.

This pruner is manufactured by Pellenc, a French agricultural company. Appendix B
shows the linear actuator and linkage to driving rod found in the D45-900. The actuator is also
manufactured, in-house, by Pellenc. This model has a reach of roughly 1 %’ and the capability to
cut branches up to 1.5 inches in diameter.

Pellenc uses an electric actuator equipped with a limit switch. The actuator rotates a ball
screw altering rotational motion to linear motion. As the blade closes, the limit switch is
activated revering the polarity of the motor returning the blade to the open position. This
approach is effective yet costly making the device $1,950.00 USD.

H.F. Hauff Pruner 2016:
The 2016 Pruner team’s model uses similar attributes of the Tree-Lion including a
ball screw and rotational motor. Improvements attempted were:



Larger trigger

Motor that does not overheat
Longer reach

Lighter weight

This attempt turned out bulky and unappealing but did cut larger branches using an
impact drill. The impact drill proved to run more efficient and did not overheat. However, no
other requirements were reached that allowed the pruner to outperform the Tree-Lion. The Drive
system of the pruner can be seen in appendix B.

Performance Predictions:

With the design at hand, it is assumed that the device will perform better than the
benchmarks that have been stated while being cheaper and built more efficiently. The pruner will
cut 2 inch diameter branches which is a larger specification than both benchmarks. Efficiency in
the duty cycle will be increased due to the mechanical reverse of motion rather than reversed
manually. Also with such a steep lead angle compared to the other ball screws, the power
transfer will be much greater than the competition. Considering the limitations of project, the
motor and battery pack will not outperform the Tree-lion but is predicted to be superior by
incorporating innovations in the blade design and power-system. Also it is predicted that the
housing is sleeker and ergonomically more efficient than the 2016 H.F Hauff pruner.

Description of Analyses:

Starting the analysis, the power transfer efficiency will be calculated setting the
parameter for the rest of the project. With the calculated force applied to the blade through the
lead angle of the ball screw, analysis can then be done to ensure that the rest of the system may
be rated to the torque and forces that are being applied.

Considering the trail of the self-reversing ball screw, these parameters that the analysis
provides may be skewed. Further testing of the self-reversing ball screw may determine more
accurate results possibly changing the dimensions of the power system. Proper documentation
allows the analysis process to be recreated efficiently and effectively if the results of the ball
screw become so abstract that the failure analysis of certain parts need to be re-done.

Self-Reversing Ball Screw Analysis:
Requirements:

An actuator must convert rotational energy to linear mechanical motion while
utilizing at minimum 90% of the rotational power providing the blade with 900 Ibs. of
cutting force. The actuator must also switch direction under its own power without the
assistance of the user and withstand 185 in-Ibs. of torque. A displacement far enough to
completely open and close the blade of the pruner is required while keeping a diameter
under 17 in order to fit in the housing.

Analysis:

Covered in the innovation methods, a ball screw is the lightest and most efficient
way to convert rotational energy to linear motion. To incorporate these qualities, A self-
reversing ball screw that switches linear motion mechanically is ideal. Since rolling
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bearings are highly efficient, a 90% power transfer may be achieved. Oil lubricant
contribute to this factor as well.

Since the system will theoretically produce 1000 Ibs. of linear force, the ball
screws efficiency will provide at least 900 Ibs. of that force to the blade. This force is
enough to cut through a 2 inch branch which requires 600 Ibs. of force.

Since original ball screws aren’t unassisted in switching directions, a self-
reversing (double threaded) ball screw solves this predicament because the screw will
change direction at the end of its thread length, therefore, changing linear direction.

The shaft containing the threads will be taking the torsion forces of the system
from the impact drill. Its design withstands a 185 in-Ibs. of torque without deflecting
more than .025 inches (.5° angle of twist). This is critical in the fact that a surplus of
deflection could throw off the route of the ball bearings.

Since the displacement of the blade needs to be 2 inches, the ball screw threads
need to cover 2 inches in linear motion before switching directions. This will allow the
blade to completely open and close ensuring it will fit at least a 2” branch within the
blade and completely cut through it.

Calculations are made to ensure that the ball shaft may stay under a 1” diameter
but still be rigid enough not to deflect. Material analysis in appendix C3 selects the
correct rigidity in order to fulfill these requirements. Enough clearance within the
housing to allow it to move freely.

Clearance fit for a free running shaft analysis will ensure that the ball nut slides

freely up and down the shaft without leaving to much space that the bearings still engage

both the threaded shaft and the ball nut. Another is done with the OD to ensure that a
reasonable amount of radial pressure on the bearing is met so that the bearings do not
float freely within the slots.
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Design Parameters:

The shaft will have a diameter of 0.5 inches in order to withstand 185 in-Ibs. of
the torque that the impact drill will provide which can be seen on the drawing in
appendix D1. The double threaded shaft will have threads with a pitch of 0.5 inches so
that the forward and return paths are able to cross one another effectively. Since the blade
needs a displacement of 2 inches, the ball screw threads cover 2 inches in linear motion
before switching directions. Oil lubrication will be used in the self-reversing ball screw in
order to allow 90% of the rotational force to be transferred to linear force.

Documentation:
The force analysis for the self-reversing threaded shaft can be seen in
AppendixC3. As for the 90% efficiency power transfer, reference Appendix C1.

Drill Torque:

The Makita drill being provided for this project is capable of generating 450 in-1bs. of
torque according to the specs on the Makita web site. Through the force seems inaccurately high,
it would provide over 1500Ibs of linear force to the blade with a 27.2° lead angle requiring the
drive shaft to withstand larger forces than expected. Part dimensions simply are too large to
account for weight causing the materials to be stronger and lighter, yet more expensive.

Around 1000Ibs of linear force is adequate for cutting the size branches at hand which
converts to 185 in-Ibs. which can be seen in Appendix C2. By rating the drive train to with stand
this force, much less material surface area is needed and common materials may be used to
manufacture the pruning system.

Ball Nut Analysis:

Unlike regular ball screws, the ball nut of this ball screw must allow the bearings to
switch paths while still allowing them to roll and stay firmly in the threaded paths. The best
bearing orientation is a total of 3 ball bearings, one fixed and two with long slots allowing them
to move as the path of the thread switches direction. A representation is shown below:

i 7=AR Tﬁcbg'w\& oexentadion G(CACQ«\X G‘m@
v /7
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The thickness of the ball nut is the piece that is most likely to fail given the fact that it is
the least amount of material that must withstand the applied forces. The minimum surface area
needed to withstand this force was found using the torsional shear equation which came out to be
0.0011 in ~2. The surface area required is less than that of the surface area needed to snugly fit
the 3/32” ball bearings which was 0.546 in2 which is calculated in Appendix C4. The base of
the ball nut that was originally designed to mate with the adapter tube had a T max of 172 psi
which also withstands the applied torque.

The designed slots in the ball nut must fit a standard 3/32 inch ball bearing while
allowing them to spin freely between the ball nut and ball screw shaft. A comfortable amount of
space between the walls of the designed slots and the bearing is critical in attaining completely
free bearings. Every slot is drilled with a .048 radius giving the bearing a couple thousandth of
an inch clearance depending on the tolerance in which the parts are made too.

The long slots that allow the bearings to switch path directions must be long enough to
complete the bearing path movement with no interference. Each long slot is oriented 45° from
the static bearing so that the exact circumference of the bottom of the thread path could be
determined. Knowing the circumference and the lead angle, trigonometry can be used to find the
exact slot length of 0.21 inches. These dimensions are documented on the drawing in Appendix
D2.

After manufacturing started, it was noticed that the tolerances of the sliding fit were not
accounted for. Since the ball nut is required to slide with ease, a medium running fit tolerance
fulfilled the full clearance while keeping the maximum bearing engagement true. This analysis
can be seen in Appendix C4. (Picture 4)

Press Fit Cover Analysis:

It is vital that the cover supply an adamant amount of radial pressure to the bearings
within the ball nut. A small interference fit analysis was done because it compresses the O-rings
while sliding completely over them while not twisting or binding them. 0.001” (0.002” in
diameter) is the resultant tolerance.

Adapter Tube Analysis:

The Adapter tube gives the ball screw the ability to move linearly while the Ball nut is
stationary and the self-reversing ball screw shaft rotates. The tube must have complete clearance
of the moving shaft. An Inside diameter of 0.846 inches within a .8” outside diameter 1020 cold
rolled steel tube is required to accommodate shaft clearance and housing clearance described on
the drawing in Appendix D4. Both the adapter and ball nut will be welded to this tube making
1020 cold rolled steel ideal for the design. Steel is also rated to withstand the tensile and
compressive forces that it will experience form the action of the device calculated in Appendix
C5.

Adapter Analysis:

The adapter purpose is to transition the self-reversing ball screw to the drive shaft so that
the drive shaft isn’t obligated to be 0.85”. The adapter must reduce a 0.85” diameter to a0.5”
diameter while withstanding the 1000lb. force and 185 in-Ib. forces acting on it. Since the ball
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screw is 1020 cold rolled steel and the drive shaft is 6061 aluminum, it is logical to pin the two
eliminating the hassle of welding the two materials. The adapter must include a 0.25” pin hole.

Since the inside diameter of the drive shaft is 0.334”, the adapter will extrude at that
diameter fitting inside the drive shaft far enough to surpass the pin hole by 0.25”. The pin hole
orientation is also 0.25” from the edge of the drive shaft meaning the hole orientation of the
adapter must match that in order for the adapter to mesh against the shaft. The base of the
adapter needing enough room to weld to the adapter tube is 0.1 and has a diameter of 0.85”
fitting flush with the adapter tube. The dimensions of the adapter can be seen on the drawing in
Appendix D5. The dimensions are set to accommodate fitting parameters but are ensured to
withstand the applied forces through calculation. These Calculations can be seen in Appendix
Cr.

To ensure that the concentricity with the adapter was good, a quick clearance analysis
was don’t so that the fit between the adapter, ball nut and adapter tube was done. This clearance
gave the parts a snug fit but easy to install.

Pin Analysis:

Since steel and aluminum are not easily welded together, a pin connection is the most
efficient connection method. The pin will connect the aluminum shaft to the steel adapter and
withstand the 1000 pound linear force of the drive train. A safety factor of 1.5 was put on the
double shear pin design to ensure stability and design life. The normal stress equation is used
then to determine that a 4 standard 316 stainless steel pin is appropriate for the situation
provided. These calculations can be seen in Appendix C7 while the dimensions are documented

in Appendix D8.

Drive Shaft Analysis:

The shaft must withstand 1000 pounds of tensile and compressive forces deflecting no
more than .025 inches. An excel spreadsheet Appendix C8 containing the required information
to calculate deflection of a shaft with axial load compares steel, aluminum and carbon fiber
tubing. The optimal combination for a light weight shaft is determined by surface area and type
of material. The Shaft will be made of aluminum and have a diameter of .5 inches and a wall
thickness of .334 inches. This is a standard size and allows it to fit within a 1” diameter housing
and fulfills a surface area of .05 in”2 ensuring that the shaft will not deflect more than .025 in
with tensile, torsion and compressive forces actin upon it.

The equation also takes into account the length of the shaft. The shaft must be long
enough to connect the adapter to the blade minus the length of the pin connector. This distance
must be 24 inches to fulfill its ergonomic requirements. The optimal shaft length is 25 inches.
With the ball screw contraption being 4.45 inches, 25 inches will allow the shaft to keep the arm
of the pruner at least 30” long and still connect the ball screw to the blade. This dimension can be
seen on the drawing in Appendix D6.

The shaft is connected to the adapter by a dowel pin determined to be ¥4 diameter. The

pin whole is coordinated with the adapter to be .25 inches from the end of each rod and drilled all
the way through. The hole must have enough interference with the pin in its set tolerance in order
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to press fit the pin ensuring immovability. 0.003” on either side is enough interference making
the hole diameter .244”.

The responsibility of the pin connector is to attach the drive shaft to the blade linkage.
The linkage includes a hole diameter of 0.25” subsequently requiring the pin connector to have
the same. The linkage must be able to move freely without interference and have enough base in
order to weld straight to the drive shaft. The pin connector must also withstand the 1000Ib linear
force and 185-in-Ib torque being applied without malfunctioning.

Two linkage pieces are set 1/8” apart demanding an extruded pin hole with a thickness of
0.125”. This attribute to the pin connector is the weakest point in the piece only attaining the
smallest shear plain yet still theoretically withstands the applied forces which can be seen in
Appendix C10. A fillet radius of 0.1” allows the linkage to move freely with the pin hole set
0.25” from the bottom of the fillet. A 0.4 base provides an adequate space for the weld to the
drive shaft and contains diameter of 0.5 giving the weld a flush surface. These dimensions can

be seen on the drawing in Appendix D7.

The ware on the pin at the end of the drive train is substantial because the connecting
pieces rotate creating friction between the two. Keeping this in mind, the pin connection allows a
cheap and easy replacement.

Device:

The device is shaped as if it is an extension of the hand drill. A simple actuator connected
to the drive shaft leads to the blade assembly. All of the components fit into a carbon fiber tube
with an ID of 1” giving the design a slim sleek look. By creating a cover that matches the drill
cover, the device will hardly be noticeably connected.

Tolerances:

The tolerances for the drive train are very tight considering the actuator is a hand
machined ball screw. Multiple clearance fit analysis were done to ensure the parts fit within one
another and operate. An interference fit analysis was calculated for the press fit cover as well to
ensure the tolerance supplied the correct amount of radial pressure. There is also one on the
shoulders of the ball nut and adapter to ensure a tight fit for welding.

As for the bearing tolerances go, as long as the bearings fit into the slots and threaded
path, it is counted as a pass because of the dependence on the tool. The same concept is for the
sliding fit as well because it is dependent of the accuracy of the reamer.

Technical Risks Analysis:

The risk behind inventing this actuator is having a working device at the end. The
geometric aspect of the device is analyzed to theoretically move back and forth but whether or
not the bearings stay in the correct path and withstand the torque being applied. Without testing,
the analysis is tough because the forces could cause the actuator to not work as desired.
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Safety Factors:

With the limited space and size constraints with in the design itself, the contraption is
calculated and designed to spec and a safety factor is foreseen afterword. No safety factor came
to be 1 but throughout each analysis, the factors varied from 1.3 to 4. Some part dimensions
ended larger than need be due to some of their attributes that required larger stock such as the
drive shaft.

If a part on the drive assembly were to fail in torsion, it would be the linkage tab on the
drive shaft because it is the skinniest piece and under the most torsion. Although it is designed to
withstand the forces, its safety factor is the lowest at 1.3. Taking this into account, the drive shaft
was pinned to the adapter and not welded making it easy to replace if it ever did fail.
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METHODS & CONSTRUCTION

Construction Description:

Setup sheets of each part have been made to ensure the tracking of production rates and
proper manufacturing of the piece. No saw setup sheets are available due to the simplicity of the
machine and concept of dimension. Job traveler sheets are major in the construction on the CNC
machines confirming safety and building efficiency.

Self-Reversing Threaded Shaft:

Forged from 1/2” leaded steel rod, the shaft is cut using the CNC lathe. The part
OD stock is to specification. Clamping less than 0.4 the CNC program starts the path at
the end of the thread slowly turning the part with the speeds and feeds that are set
accordingly. The path reaches 2” then turns back creating a cross threaded path. Each
pass reduces .002” then levels the cut as it returns to the start position. This path is cut the
spec depth and all burs are removed from the edges of the path to ensure smooth travel of
the ball bearings Appendix E1. The shaft is sawed to 4 inches and placed in an 4"
collate socket hex holder. A 4 tooth plunging cutting faces the shaft to depth and the
socket is loosened, rotated 1 surface and repeated. Once the hex portion is milled, the part
is made concentric on the manual lathe and the chamfers and bearing groove are cut to
finish the part.

Ball Nut:

Forged from 7/8” low carbon steel rod, the ball nut is cut on the manual lathe and
manual mill. The part is faced and reduced to shoulder depth. The front portion of the
piece is then reduced further to spec with a form cutting tool. After, a wide groove tool is
used to reduce the back OD of the part with 2 cuts. Groove tools are switched and the O-
ring grooves are reduced to spec. A hole is drilled to a diameter of 3/8” through the
middle of the part then to 31/64”. A '4” reamer is used to obtain the correct tolerance of
the free sliding dimension. The manual mill cuts the single bearing hole through one side
of the part. The chuck is rotated 45° from the single bearing hole and the slot will be
started in the middle. The .125” diameter mill swipes side to side until the slot is spec
length. The same process is used for the second slot 45° on the opposite side. The adapter
is welded to the adapter tube. Appendix E2.

Press Fit Cover:

Forged from a 7/8” dia. aluminum rod, the cover is drilled to a diameter of 3/8”
and then %4” and reamed to spec on a manual lathe. The part is then faced as needed the
outside diameter is then reduced to spec. A square form tool separates the part from the
rod. The mechanical press fits the cover to the ball nut proceeding the insertion of the ball

bearings. Appendix E3

Adapter Tube:

Forged from 1” round tube with .12” wall thickness and is made on the manual
lathe. The tube is faced as needed and the OD is reduced to spec. The Stock is removed
form the mill and the part is removed with the saw. Both the adapter and ball nut will be
welded completely around the diameter of this tube. Appendix E4
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Adapter:

Forged from 7/8” steel rod, the adapter will be made on the manual lathe and mill.
The part is faced and the shoulder diameter is reduced to specification. Keeping the
transition from the front base to the shoulder base perpendicular, the front base is reduced
to spec with a form cutting tool. After, a wide groove tool is used to reduce the back OD
of the part with 2 cuts. The part is removed and the '4” hole is then drilled in the small
base using the manual mill. The adapter will be welded to the adapter tube. Appendix E5

Drive Shaft:

The shaft is a standard size, 9/16” aluminum rod and cut to spec on the band saw.
The %" hole will be drilled on the manual mill using a %4” drill bit. The part is flipped and
the linkage connecting tab is cut on the manual mill. Calculations off the 3/8” mill are
made to ensure dimensions of the fillets are correct. A %4” drill bit makes the pin hole
after the part is rotated. The shaft is pinned to the adapter and the linkage of the blade.

Appendix E6

Manufacturing issues:

Self-Reversing Threaded Shaft:

Manufacturing the self-reversing threaded shaft with aluminum if far easier than
steel. Aluminum being easier to machine, there is no deflection in the radius tool as it
makes its pass and worked well for a trail run However, with carbon steel, the hand
ground tool shears as the program reached half its depth destination. By using 41L40
steel (Easy to Machine) the path successfully manufactured.

The radius tool plays a major role in a successful ball screw. Since the hand
ground tool sheared due to deflection, a radius tool holder and radius tool were invested
in. With the 41140 steel, there is still deflection in the tool as it reaches its final depth but
withstood 3 operations without fail and provided a smooth, crisp path.

Heavier forces than expected occurred as the machining of the initial hex of the
drive bit went underway. The part continued to slip inside the collet and plane of cut was
lost on a side of the hex. Also, the force to cut the groove where the ball bearings in the
drill rotate sheared one of the hex bits off and did not cut smoothly on the other shafts.

Tighter clamping force in the collet and a sharper radius tool solves the
manufacturing issues for the drive bit. Also, although the tool index deflected far more
than expected, a less aggressive cut may be made to possibly avoid the unwanted forces
acting on the tool.

Ball Nut:

The ball nut is the highest tolerance part on the drive train accommodating the
threaded shaft, bearings and O-rings responsible for the radial pressure in the whole
contraption. Both the ID and OD of the ball nut were critical in the ball screw
functionality. With a .002” tolerance on the press fit OD and a .003” tolerance on the
sliding fit ID, manufacturing issues arose due to armature machining.
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The O-ring grooves developed issues first in the tool making and later in the
dimensioning. The skinny groove tool must cut 0.067” worth of low carbon steel 3 times
resulting in a high temperature, high stress engagement. The O-ring placement is also
critical in the fact that theoretically, the O-ring keeps the ball from moving in the slot
until it is forced to but if the bearing holes are off, the slots become useless.

By milling the bearing slots first and reducing the OD second, large burrs formed
on the edges of these holes making the filing and buffing process a hassle and time
consuming. It was later on discovered that the milling process could be don’t after the
OD and since the bearing tolerances are more important, the changes in the setup sheets
have been made.

A shoulder on the side of the ball nut that is welded to the adapter tube is needed
to be able to align the two parts to be welded. The previous design is difficult to clamp
concentrically. By creating an extrude that fit tightly inside the adapter tube then butted
up to a shoulder that has the same OD of the adapter tube, the part was is welded
successfully.

Press Fit Cover:

The only issue with the cover was the tight tolerance in the ID. However, the
correct reamer was found was found on hand which allowed the manufacturing process to
be quick. The design of the press fit did not go as planned. The press fit did compress the
O-rings as designed but also twisted and displaced the O-rings as it was pressed to place
as seen in Appendix L. A shaft collar is more ideal in the situation as seen on the
working ball screw video representation with a hose clamp.

Adapter Tube:
No manufacturing issues with the adapter tube. However, the operation turned out
easier and more efficient to cut with the saw and not part from the lathe.

Adapter:

The same concentricity problem occurred with the adapter yet was fixed with the
same solution as the ball nut. Both ends welded concentrically and neatly to the adapter
tube once this configuration change initiated. The Pin hole is the next manufacturing
issue with the adapter because of the difficulty to align a drill bit in the exact center of the
rod. Although, when the hole alignment is slightly off, the pin manages to be press fit in.
Lastly, by using a 9/16 drill bit, the whole is not quite large enough to accommodate the
raw material of the drive shaft. Since the tolerance is not crucial, it is decided that a 37/64
drill bit has enough clearance yet not too large to manufacture the part to the correct
dimension.

Drive Shaft:

The drive shaft dimensions required one redesign to fit the assembly length. The
part is built at 36” (raw material length) for safe measure. Once the assembly is made,
measurements are taken to make the cut as precise as possibly. The same problem as the
adapter occurred with the drive shaft where the two meet but since it is made after, a
wobble stick is used for more of a precise hole dimension. To end the manufacturing
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process, the end pin connecting tab fillets need to be ground to spec but it is not allowed
to grind aluminum in the Central Washington University machine shop. This
manufacturing issue was solve with a file.

Assembly:

0.125" Beatings EallHut

Drive Bhaft

Dowel Fin

Assembly instructions and notes may be seen in Appendix D9.
Full Pruner assembly may be seen in Appendix L.

Assembly Issues:
Some assembly issues arose as the pruner was being put together. The Housing
and blade took 1 hour to make function while the drive train took 2.

The shaft was initially too long and was cut proceeding a full assembly
measurement. The problem was fixed by removing 5.3” of the shaft. The shaft was then
successfully assembled.

The press fit cover failed as it was manufactured to the correct dimensions but
still pinched and bound the O-rings in an unwanted fashion as seen in Appendix L.
Earlier tests revealed that a hose clamp that could be evenly tightened around the O-rings.
This configuration worked flawlessly yet the hose clamp does not fit withina 1”
diameter. The solution to this problem is a shaft collar. McMaster-Carr does not sell
clamps that are small enough to work. The plan is to manufacture one.

Benchmark Comparison:
Body Design:
The motor connection is far sleeker than the previous attempt and the carbon fiber
tube is much smaller making the pruner lighter and more ergonomic than the 2016
edition. This is achievable through the design of the actuator being under a 1” diameter.
The bulk of the blade housing includes much less excess metal than the previous attempt
as well.
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Drive Train Design:
Since the first attempt of the self-reversing ball screw did not cut, it failed to

outperform the 2016 edition that uses a regular ball screw. Although the manufacturing
and materials is much cheaper and the concept is less complicated while achieving more
requirements than a regular ball screw, more testing and analysis is needed to allow the
ball screw to handle the axial load needed to cut a 2” branch.
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TESTING METHOD

Efficiency Test Plan:

90 percent power transfer efficiency is the first test that the electric pruner drive train is
put through. The linear force created from the rotating impact drill is measured using the tensile
testing machine. The pruner is rigidly mounted while the end of the drive train that connects to
the blade is mounted to the tensile testing machine. The drill will be activated and a graph will
appear showing the displacement and force in which is happening linearly.

The results of the test are compared to the theoretical data composed through dynamic
calculations. At 100% efficiency, the calculated linear force that the pruner is rated for is 1000
pounds. Therefore, the requirement is set to be provide a linear force of 900 Ibs. pounds. The test
is passed if the tensile machine reads a force that is greater than or equal to 900 Ibs. pounds.

Pruner Efficiency Test Documentation and Deliverables:

Weight Test Plan:
A scale accurate to a tenth of a pound is used to weigh the drive train as a whole. Since
the drive train is all rigidly connected, the weighing process is simple.

The results of the test will be a pass fail outcome. If the drive train is under 1 pound, the
test will be passed, if the drive train is over a pound, adjustments will have to be made in order to
fulfill the requirement.

Weight Test Documentation and Deliverables:

Duty Cycle Test Plan (Lead Screw):

A stopwatch accurate to a tenth of a second is used to specifically time the interval in
which the pruner spends cutting a 2 inch branch. The time starts immediately after the trigger of
the motor is engaged and stops immediately after the blade has cut through the whole branch but
has yet to start its return. The stopwatch is then used to time the interval in which the blade starts
a cut and returns to the open position. The formula D.C. = (Tc/ To) *100, where Tc = Time of
cycle and To = time in between cycles is then used to calculate the official duty cycle.

The results of the test are a pass fail outcome in which the duty cycle is higher or lower
than that of the competition.

Duty Cycle Documentation and Deliverables (Lead Screw):

2018 2016
Trial Cycle Time (Sec) | Cycle Time (Sec)
1 4.56 5.01
2 4.62 4.95
3 4.35 4.97
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General Testing Plan (Lead Screw):

The general test of this pruner is its ability to cut branches up to 2 inches in diameter. A
caliper measures the size of the branch ensuring the branch is to maximum specification. The
branch is rigidly attached while the pruning device is engaged.

The test is passed if the device completely amputates a tree limb. Any branch under 2
inches is assumed to be manageable for the pruner if the first attempt passes.

General Testing Documentation and Deliverables (Lead Screw):

Movement with Force Test Plan:

The Ball Screw is tested for movement capabilities. Whether or not the slots are long
enough to allow the contraption to sweep back and forth on its own. No forces are applied in this
test, just enough to keep the ball nut from spinning with the shaft. The test is pass/fail on whether
or not it moves within its path.

The axial force test will decide if the self-reversing ball screw is capable of withstanding
axial force without malfunctioning and just how much it will be able to pull and push. This test
will include multiple configurations of the ball nut that include different dimensioning of the O-
ring depth and placement to try and make the balls act as they should.

The threaded shaft is spun on a lathe while a pull scale is connected to the ball nut to
keep it from spinning. As the ball screw follows its path, resistance is applied measuring the
force in pounds on the scale. The test is over when the ball screw crosses over to the wrong path.

By testing multiple configurations, It can be decided which alignment and depth is best
for the ball screw performance.

Movement with Force Documentation and Deliverables:

Pre-Limb Operational Limit
Configurations Path Perpendicular Parallel Perpendicular Parallel
Travel Load Load Load Load
1 ] 41 Ibs. N/A  lbs.
2 O 42 Ibs. N/A  lbs.
3 ] 38 Ibs. N/A  lbs.
4 L] Ll ] N/A  lbs. N/A Ibs.
5 L] Ll ] N/A  lbs. N/A Ibs.

Full Test Plan

PROJECT MANAGEMENT
Cost and Budget:
The entire pruner must cost under $500 in all. By keeping the drive train total material
and tool list under $70, the requirement is more attainable which can be seen in the parts list
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included in Appendix F. However, labor of this project is not included which would increase the
price of the drive train substantially considering the self-reversing ball screw is made from
scratch in house. Many of the tools needed are resources that the CWU machine shop already
attains making the supplies needed far less expensive. H.F. Hauff Company has taken
responsibility for the funding of the project donating nearly all materials and supplies needed. No
budget is set but cheapest solutions are required as well as simplistic and logical approaches.

Testing materials are also attained in the CWU facilities. No further funding is needed in
order to test the project in comparison to its requirements. Once again, labor is not incorporated
in the cost calculation.

Cost and Budget Changes:

The only reorder that came about during the manufacturing process was 0.125” ball
bearings. Being very small. Some were lost in the assembly process. All other raw materials, O-
rings, and pins worked well. The total cost of the extra bearings is $5.00.

As seen in the testing videos, the self-reversing does not excel in axial load in which is
needed to operate the electric pruner. The device could possibly evolve to be able to handle the
axial force upon further testing however, this is a major problem is the time frame of testing the
electric pruner.

Regular ball screws are very expensive running over $100 which would put the budget
highly over. To keep under the budget cap, the ball screw from the 2018 prototype is being put to
work for testing purposes. The ball screw allows the pruner to cut branches and test the housing
and blade. As for the self-reversing ball screw, further testing will continue as its own project.

The total cost of this project so far is $60.00. This is very under budget proceeding the
self-reversing ball screw. Further testing and modifications to the pruner as it is now may go
over budget.

Schedule:

The main schedule for this project is proved in the form of a Gantt chart. The Gantt chart
in Appendix G is split into 3 sections, Fall Quarter, Winter Quarter and Spring Quarter
which represents the 3 phases of this project. The 1 phase is the proposal with general design
and analysis. The 2" phase is the manufacturing phase including the full assembly of the project.
The 3" and final phase includes the testing and advertising portion of the project.

The 1% phase of this project shows each section of this proposal, when it was worked on
and the duration of the effort.

The circles on the 2" phase indicate when the part or material is scheduled to arrive. The
stars indicate the week that the part is scheduled to be finished. The self-reversing threaded shaft
and ball nut are scheduled to be produced first because they are the most complicated pieces of
this project and may require extra time to fix complications and improve the overall design.
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The 3rd phase of this project shows the test being performed each few weeks and the

duration of the effort to perform it. It also includes the time spent presenting the idea during the
SOURCE activity.

Milestones for this project include:
e Finished proposal: 12-06-2017
e Finished Product: 03-16-2018
e Finished requirement testing: 06-08-2018

Schedule Revisions:

Materials were very late. The first revision of the parts list did not include part
number but described where they were located. A second revision allowed Mr. Hauff to
find the parts quickly and easily and the part showed up 2 weeks into the quarter putting
the schedule 2 weeks behind. However, as stated in the progress reports, much of the pre-
manufacturing actions took place in this 2 weeks allowing construction to develop rapidly
as the raw materials began to filter in.

The first two milestones have been met minus the working device. A new
milestone has been set to accommodate this:

e Working device: 04-14-2018

As two resources were backed up being Matt Burvee and Ted Bramble, Other
parts were started and not done in the order of the Gantt chart. When personal schedule
lined up, manufacture of complicated parts went under way and were finished before the
due date. In general, the project stayed on schedule, just not in an orderly fashion.

Physical Resources:

Hogue Technology Building machine shop
Hogue Technology Building materials lab

Hogue Technology Building computer lab
Hogue Technology Building foundry

Software Resources:

Microsoft Word

Dassault SOLIDWORKS 2016
Microsoft Excel

Wix.com

Human Resources:

See Acknowledgments.

Management:

Accountability is handled by the H.F. Hauff pruner team themselves making sure that

milestones are met and the project is dispersed through the entire construction time. Each partner
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develops the assigned portion of the pruner working together ensuring the device is efficiently
built.

Safety:

All members of the team are trained in the safety attributes of the machine shop, all of its
equipment and is referenced by the resume below. These safety precautions are also clearly
posted in the Hogue Technology Building machine shop. Activities should not be performed that
an individual is not qualified to do etc. One shall not weld if a welding certification is not
present.

DISCUSSION

Design Evolution:

Through the design phase of this project, many ideas arose about transferring energy
from the motor to the cutting blade. As seen in the innovation methods and benchmark, the ball
screw is the paramount design for the circumstances at hand. Since the original ball screw does
not fulfill all the requirements set, the self-reversing ball screw idea emerged to later be made
reality although much more testing and analysis can be made to improve this part. However, this
aspect is not the only attribute to evolve throughout the project.

Material changes happened proceeding the design of the rest of the drive train. An
example being the weight of the device and the joining of certain parts being taken into account.
Originally, the project plan was to weld the drive train completely but aluminum and steel do not
easily weld. Therefore, the ball screw and adapters are all made of one material allowing them to
simply be welded and efficient. Yet to keep the drive train under 1.0 pounds, the drive shaft was
made aluminum and pinned to the adapter.

The power system rating is another evolutionary aspect of this project. The Makita
impact drill used provides 480 in-pounds of torque creating a part failure dilemma. The weight of
all the parts that are built to withstand this force exceeded the requirement as well as the linear
force and cost of material. The decision arose to rate the pruner for 1000 pounds of linear force
tracing back to a total of 185 in-pounds of torque keeping the drive train within requirement
specs but still effective.

Project Risk:

A major risk of this project was the time constraint set within the school year. Developing
a self-reversing ball screw takes a major analysis to incorporate all of the circumstances that
could make the piece as efficient as possible such as lubricant, material, tolerances and
geometry. Many tests have been run for original ball screws revealing the most efficient methods
to build them but with the time constraint at hand, only a few attempts could be made. This
caliber of innovations requires much more testing and attempts.

Another risk is the ability to mass produce a product like this. Under the tool constrains
of the university, a make-shift drive system as in an impact drill is used adding far too much
weight and bulk to the project. Though the focus is more on the power efficiency side of the
project, using an impact drill in a mass produced pruner is not ideal. Also, without the capability
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to add luxury such as rubber grip or a sleek plastic form housing, the pruner turns out slightly
bulky and unappealing to the eye.

Next Phase:

The next phase of this project is to make the pruner work. It is known that the self-
reversing ball screw has its own testing capabilities and needs work. Without a drive train, the
housing and the blade have no way of being tested. The plan is to use a regular ball screw on the
pruner and continue to test the self-reversing ball screw by itself.

CONCLUSION

Many analysis contributed to the success of this project. As requirements became
relevant, original ideas faded as correct solutions evolved in order to achieve the desired product.
The main innovation through though this project is the construction of a self-reversing ball
screw. Having the ability to switch linear motion mechanically while incorporating the efficiency
of a ball screw majorly contributed to the efficiency test of this product. However, there is many
tests and improvements that can be made in order to maximize potential of the self-reversing ball
SCrew.

The performance of the H.F. Hauff Electric Pruner has the expectation of cutting a 2”
diameter branch using minimal physical contribution from the user. Physically, the pruner turned
out to be very light allowing most operators to lift it with ease. Also, since the device cuts with
the push of a button, operational skills are minimal as well.

Many of the requirements have been obtained even with the new drive train in place. The
Pruner will not open unassisted since the self-reversing ball screw failed to produce but the
overall design of the pruner is lightweight, powerful and ergonomic. Further testing may allow
the pruner to obtain all the requirements. The new ball screw will slow the duty cycle but it is
expected that it will not be by much.
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Al: Chain

Appendix A — Innovation Ideas

A2: Cam
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A3: Ball Screw
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Ab5: Decision Matrix

Senior Project Decision Matrix Spreadsheet: Drive Train Cheices for Hauff Pruner

Criterion Weight Chain Ball Screw
1 to 3 (must) Best Possible Score x Wt Score x Wt Score x Wt

Cost
Duribility
Weight
Moving Parts
Effectivness
Simplieity
Total

1IN |Seore x Wt
Nermalized Data 2.777778| 58.333333 61.11111 80.555556|Percent
66.666667 |Average
12.108053|Std Dev.

Good Bias: Standard Deviation is two or more digits meaning the bias factor is correct.

O 0 ale
Worst (teo many meving parts, expensive, too heawy, efficiencey of movment, ete.)
Median Values, ef Unsure ef aetual value

Best (Low Cest, Iightweitlght. simple, }@fﬁsi@nt)

e O
Cost|Judged by the cost of the mechanisms making up the energy transfer.
Duribility | Judged by hew mueh force the meehanism ean handle. ?
Weight|Judged by hew mueh weight the meehanism adds t6 the pruner.
Meving Parts |Judged by hew many paris are meving (likeliness te break dewn).
Effeetivness |Judged by hew mueh energy is lest threugh mevement.
Simplieity [Judged by the eeneept @lfth@ energy Traﬁsf@r

1) The 3 differentdrivetrainideas have been brainstormed in orderto transferenergy
fromthe impacthammerto the cuting blade. All three would achive the desired
movement but some more efficientthan others.The Ball screw is by far the bestenergy
transfersystem forwhatis beingasked. Pending the decistion on housing and cutting

I | I | I I I

2) While The Ball screw was the best energy tranferoption, itisalso the most
expensive. Since the costis not outragous at around $100 and the wieghtis much of
the same of the othertwo options, it seemsto be the mostlogical option. the chain
and Sprocketisinexpensive but has to many moving parts for to many thingsto go
wrongalong with havingto fight a spring which deducts efficiency. As forthe cam, the
conceptworks but parts would ware quite fastand make the head of the prunerlarger
requiring more housing consequently adding more wieght.

-
| 3) The Biasinthis experiment was significant (2.8), with astandard deviation of (12.1).

| Thisshowsthat the material with the highestvalue is the clear choice, therefore
| anothertrialis not needed. Attributes may be added and the bias would grow but
| sinceitisindouble digits, the decision to use a ball screw can be made.
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Appendix B - Benchmark
B1l: Tree-Lion:
https://www.hydralada.com/nz/products/battery-tools/

B2: 2016 H.F Hauff Electric Pruner:
http://wellingtonandco.wixsite.com/home
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APPENDIX C — ANALYSIS
C1: Power Efficiency Transfer
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C2: Drill Torque
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C3:

Self-Reversing Threaded Shaft
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C4: Ball Nut
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C5: Adapter Tube
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C9: Pin Connector
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C10: Press Fit Cover
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Drawing Tree:

APPENDIX D - Drawings
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D1: Self-Reversing Threaded Shaft
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D2: Ball Nut
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D3: Press Fit Cover
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D4: Adapter Tube
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D6: Drive Shaft
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D8: O-Rings
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D9: Welding
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D10: Drive Train Assembly
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APPENDIX E - Job Travelers/Setup Sheets
E1l: Self-Reversing Threaded Shaft:

Hogue Machine Shop - Job Traveler Hogue Machine Shop - Setup Sheet
PART INFORMATION: Self-Reversing Threaded Shaft Operation # 1 CNC Lathe Frogram # 00001
Name Fart Number Revision Level ‘Customer
Grady Graff 18 1 Neil Hauff
MATERIAL INFORMATION RUN INFORMATION
Size Shape Alloy Run Quandity Due Daie
0570 X1 Round Bar 41140 Alloy 1 1-19-18
Stick Steel

TOOLS RUN DATA
Setup Time
1 4 Jaw Chuck
2 Countersink drill bit
3 Cautting form tool
4 1/8” @ carbide lathe cutting tool

SAWING
SPECIAL INSTRUCTIONS
47 +.030-000 «  Sawto 47 after the lathe operations are
MACHINING QPERATIONS I.hmidm: griphie
Operation #1 FIRST ARTICLE INSPECTION REPORT
CNC Lathe (Threads) +  Carefully de-bur all threads. Dimension Instrument- Print value and folerance. 1
Operalion #2 * Raw material should be = 002" concentric Rﬂwsmu Ci.'hpﬁ 9'5"*'005 - an 0497"
Manual Mill (Hex Drive Bit) with 4 Jaw Chuck before starting. Concentricity Dml[nch{:m:t.om Z/00.001
Thread @ Depth Micrometer: 0.125” +.010 -.000 @/0 0,126
*  Manual mill has 6 of the exact same setups. Thread Start  Caliper: 1.435” = 010 (Datum A) @0 1435
1 for each side. Mill face, rotate, mill face, Thread End  Caliper: 3.565" = 010 (Datum A) Z/03.565"
rotate, etc. Thread Pitch  Caliper: 0.5007 = .005 @/00.50"
om
om
om
oo
SPECIAL INSTRUCTIONS
. ink to full depth to ity of the part.
»  Angle cutting form tool enough to face the end of the shaft
®  Measure thread pitch from edge of the thread to same edge on the next revolution.

Hogue Machine Shop - Setup Sheet

&
&
Operation # 2 Manual Mill UJ%
’-'Ej Lc
fB © vy
(TR
>
= —_—
g 20
E =g <
[} QJE 5
b=
2 -4
5
H e
H =F
Lo
gy
RUN DATA ==
| tenoime (B3 ; Jjask
E Eat

Socket fitting a %7 collet Machine Time

1

2

3 Table clamp

A 172" dia._ carbide end mill Cycle Time A g |+

L40 Alloy Steel

Pars per Hour

UNLESS THERWEE SFECFED.

4
g :
=Ts g
FIRST ARTICLE INSPECTION REPORT Inspector: Grady Graff o H
Dimension Print value and folerance Instrument Act. Measurement Accept/Reject §
HexWidth  Caliper: 02517 = 002 2/00.2507 ) o H
Bit Length Caliper: 1.007 =030 (Datum A) Z/01.010 o
/o £
o/a 43 :
w H
(- Ei
1

SPECIAL INSTRUCTIONS
«  Hex width is measured each flat side to oppasite flat side. [
+  Hex center is measured from OD to each flat side. _+ 3 o

 Face the drive bit with the end mill.

L
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E2: Ball Nut

Hogue Machine Shop - Job Traveler

Hogue Machine Shop - Setup Sheet

Hogue Machine Shop - Setup Sheet

PART INFORMATION: Ball Nut

Netl Hauft

12618

@

sawnG.

MACHINING OPERATIONS

SPECIALINSTRUCTIONS
“When drlnz e fust ok longer,
then se faing procedue on the Lk 4 oo the
comect Bala

v
Mamual Mill (Top Bearme Hole)
5 T

T — ot

Ml Rigke Slog + Drill and bore on lathe first ensuring correct ID
Y —— Hascome:
Al Ml . 1) 5 TG
‘Msual Lathe (Reduction, Bore, Gooves and Part) R

=

Hogue Machine Shop - Setup Sheet

Operation # 1 Manual Mil

Selup time.
Wachine ine

cycle ime

Farks per Haur

FIRST ARTICLE INSPECTION REPORT Inspector: Grady Groff

Toled Telsseopic Gange: 0,125+ 005 - 000 20 ons
HoleDepth  Caliper: 030" @y
Hole X Caliper: 0375 005 2/0 0377
Hols T Caliper: 04387 % 003 2/ oss00
o/o
oo
oo
o/
[=F=}

SPECIAL INSTRUCTIONS

Uit gl ndeator s ensure.the Setup s parale ithth tabe.
Ensure the Hote Y by touthing offon datum. and sésting 0438
et tne st end millcuts shovld o exceed 010" ata dme.

Hogue Machine Shop - Setup Sheet

Operation # 3 Manual Mil

1RST ARTICLE INSPECTION REPORT
imension ‘insirument: Pint valve ond foleronce

!

Star Slot Caliper: 0.243" + 005 (Datum A)
End Slot Caliper: 0.508” + 003 (Datum A)
Width Telescopic Gauze: 0.1257+.005 -000
SlotDepth  Caliper: 0307

cyele ime

fars pes Homt

Inspector: Grady Craff
Accopl/Raject_Aci. Measwement
@/Do2as"

/0 esor

/0 0126

2=

=1
o/o
o/o
o/o
o/o

SPECIAL INSTRUCTIONS

Rotate the chuck 80" counterlockwise rom st operation.
. Completethe st with e same precautions,

Operation # 4 Manual Lathe

nsion ment- Print
Small Outside & 1517 £ 0752 @0 0757
Large Ouside @ 85072 005 2/0 0851
Insided 1" Mio/Spring Stick: -0.500° +0. 503" ?/0 0501
SmallEase Lenstn  Caliper: 020" = 030 @0 02r
LugeBase Lensn  Caliver: 060" + 030 270 0503
1“Groove Caliper: 0245” £ 001 2/ 0w
2 Groove Caliper: 0334” £ 001 2/0 033
3 Graove. Caliper; 0.445" £ 001 2/0 osesr
HoleX. Calipes, 0.375° = 005 2003

SPECIAL INSTRUCTIONS

= Borefar cnough ta part e parton he the,
- Boreiacrai toleranca i tebt ind iportadt

Operation # 2 Manual Mil

RUN DATA
salup Time.

achine time
Gycle me

Foris per Haue

FIRST ARTICLE INSPECTION REPORT Inspector: Grady Groff
Start Slot

Caliper: 0.243" £ 005 (Datum A) 2/0 024"
End Slot Caliper: 0.508” & .005 (Datum A) 2/3 o5t
Width Telescopic Gauze: 0.125” +003 000 2/0 012
Slotdepth  Caliper: 030" 2/0
o/o
o/
oo
/g
oo
SPECIAL INSTRUCTIONS
« Rotate the chuck a5 cockwie fram th st peration
- Pungeo.r

2134

@.lu?

.55

‘Grady Graff
Ball Nut

752
D751 —

e 0F 1

SCALE- 21 WEIGHT
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E3: Press Fit Cover

Hogue Machine Shop - Job Traveler

PART INFORMATION: Press Fit Cover

Name: Part Number n Level Customer
Grady Graff 20 Neil Hauff
MATERIAL INFORMATION RUN INFORMATION
Size Shape Allo Run Quanti Due Dafe
e X6 Round Bar 6061 1 2-02-18
Stick Aluminum
SAWING

Saw length Tolerance:

MACHINING OPERATIONS

for accuracy instead of saw.

Ope 1
Manuzl Lathe (Drill, Bore and Parted) and tool cl

SPECIAL INSTRUCTIONS
 Piece will be parted by a square form tool

 Clamp 2" from the end of the part for drill

Hogue Machine Shop - Setup Sheet

Operation # 1 Manual Lathe

RUN DATA
Setup Time .5 br.

Chuck
Lathe cutting form tool Machine Time 1§33
Countersmk drill bit
3874 drill bit
37/64 © drill bit
Square groove

Cycle Time

Parts per Hour

FIRST ARTICLE INSPECTION REPORT Inspector: Grady Graff

Caliper/Spring Stick: 0.75" +.000 -.003
Caliper: 0.6” +000 -010

SPECIAL INSTRUCTIONS

. Drill far enough for bering tool dearance.
. Ensure there 001" of interference with ball nut dimension.

o 80 =i

Hole
P 875
751
©7750
UNLESS CTMECWSESPECINED - A M DATE raf‘
DMADSIONS ATE N MCHE PrAWN Gmdy G f
mg‘:.:':‘. < D cre i
AR  MACHS L NGARE 1
T ctiecam, st | =2l Press Fit Cover
oo MU C IOl an
A ] PONEANCING HT
o8 b0 i COMAPR M gy commany SIE OWG. NO REV
WG 6 101 SGIE IO HEI OY 081 ALumanum
R Comm Akt i A . A 3
ncods iy aroRaados | MEAMY um on
COMALF Bhot ot o SCALE: 2.1 WEIGHT: SHEET ) OF 1

HOmAND.
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E4: Adapter Tube

Hogue Machine Shop - Job Traveler

PART INFORMATION: Adapter Tube

Name Part Number Revision Level Customer
Grady Graff 21 Neil Hauff
MATERIAL INFORMATION RUN INFORMATION
i ape Alloy Run Quantil Due Date

1" Stick I round

012" wall

thicknass Steel Tube 1020 Steel 1 2-09-18
SAWING
Saw SPECIAL INSTRUCTIONS

ngth Tolerance
307 01

Hogue Machine Shop - Setup Sheet

Cperation # 1 Manual Lathe

RUN DATA

Sefup Time
Machine Time
Cycle Time

Parls per Hour

FIRST ARTICLE INSPECTION REPORT

Dimension Instrument: Print value and folerance
oD Caliper: 0.830° = 005
Length Caliper: 3.007 = 030
D Caliper: 0.760" = 005

SPECIAL INSTRUCTIONS

+  Secure Part before parting.

300

HCPRITARY ANDCOUNDIVEAY

RENTAssY we on

APPUCATION

@850
®.760
UNLESS OTHERWBE $DECHIED - NAME | DATE
P 7T ' Grady Graff
'l:::l‘l::l\- cHECHE TITLE:
ANGUAEMACHS BOND = o
i [mosr. Adapter Tube
A

e i STE [DWG. NO REV

1020 CR Steel J 2
i

0O HOTSCALE DRAWNG SCALE: 111 WEIGHT: SHEET 1 OF |
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E5: Adapter

Hogue Machine Shop - Job Traveler

PART INFORMATION: Adapter

Name Part Number Revision level Customer
Grady Graff n Neil Hauff’
MATERIAL INFORMATION RUN INFORMATION

Shape o Run Quanti Due Date
17 stick 7187 @ Round Bar CR 1020 steel 1 2-16-18

»

SAWING

Saw length Tolerance

MACHINING OPERATIONS

SPECIAL INSTRUCTIONS
Hole should be drilled past dimension and comrscted
with facing on the lathe.

Clamp 27 from the end to ensure tool clearance.

Hogue Machine Shop - Setup Sheet

Hogue Machine Shop - Setup Sheet

Operation # 2 Manual Lathe

5/8” @ drill Bit
Boring tool
Lathe cutting form tool
Square groove

FIRST ARTICLE INSPECTION REPORT
Instrument:

: Print
17 Mic: 0.75” = .030
17 Mic: 0.850” = .005
Inside © Caliper/Spring Stick: 0.563” -.000 +.005
Small Base Length  Caliper: 0.75” = .030
Large Base Length  Caliper: 0.257 +.030

RUN DATA
| setup Time

Machine Time

Cycle Time

Parls per Hour

2/0 08s3”
2/0 0.565"
2/0 0752
2/0 0.254"
0O/0
0/0
m)/m}
0/0

SPECIAL INSTRUCTION

Operation # 1 Manual Mill

RUN DATA
Setup Time

Machine Time
Cycle Time

Farts per Hour

FIRST ARTICLE INSPECTION REPORT

ge:
Hole Y Caliper: 0.38 = 030 (Datum B)
Hole X Caliper: 0.37= 030 (Datum A)

SPECIAL INSTRUCTIONS

*  Datum listed is measuring reference to the center of the hole.

BB
g ¥
I E :
el Bk
g 32 §
£ =&
i B
- E §<8‘
- . i -
g sg
: i Seq
e ¥ £0£
TS R B
2 o8 -
1 Sy i !
4 S5 ¢ .ady %
C AR L HHE
i &g jugsd a8
L= " i B
o °
=3 2_ ;
g © 3 w
A=) s g g —=]
— 3
i
=
L]
bany |
‘ /
o (o7
oo S
23
o’ ¢ ~
2 R
3
a
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E6: Drive Shaft

Hogue Shop - Job Traveler

Hogue

Shop -

Setup Sheet

Hogue Shop - Setup Sheet

PART INFORMATION: Dxive snaft
art number
B

Revision Level
1

EUN INFORMATION
Run Guaniy

1

SPECIAL INSTEUCTIONS
ot e ks e arall.

St s e pmendesdr 1o e p k.
il e g 1 approsimt s

Hogue Machine Shop - Setup Sheet

Operation 1 Manual Ml

FIRST ARTICLE INSPECTICN REPORT
e

CotLengts  Caliper: 0.6007 +.005
Thickness  Caliper- 0.125+ 005

RUN DATA

cye

Pk

SPECIALINSTRUCTIONS

Sehp Time

Machine Time

e Time.

perHaur

Operation = 2 Manual Wil

2UN DATA
Selup Time

Machine Time
Cycle Tme.

Farts pes Haue

FIRST ARTICLE INSPECTION REFORT s
insrin

Caliper: 0.28 £ 030

SPECIALINSTRUCTIONS

Operafion # 3 Manual Mill

RUN DATA
Setup Time

Machine Time

Cycle Tme

Parks per Hous

FIRET ARTICLE INSPECTION REPORT Ing
= Insirument: Frint volue and folerance:

Haole @ Talescopic Gange: 0.250 = 005 B 02537
Hole X Caliper: 0.38 = 030 B 0385
Hole Y’ Caliper: 0.28 = 030 B0 0279

julin]

oo

julin]

oo

juli]

oo

EPECIAL INSTRUCTIOMNE

| 5250 : ){j B3

SHEET | OF 1

Drive Shaft

Grady Graff

N R BELY,
]
TTLE
IEE DWG. RO,
A
SCALE 14 WEGHT

e 500

etael- 17

'
DETAILE
SCALEZ2:1

.i
i
4 HHH
g *5553
i ¥
iyl
P e,
§ z §
\_ |
w5 : y
2| | . i
35 ; 3’0

-—m'—-

o

25,000
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APPENDIX F — Parts List and Costs

Part Ident Part Description Source Cost Part # Disposition
6061 Aluminum 6” stick 7/8” round McMaster-Carr $4.28 8974K12 Donated
Rod 3’ stick 9/16” round McMaster-Carr $7.89 8974K46 Donated
Easy-to-Machine 1’ stick %" round McMaster-Carr $4.44 6776T13 Donated
41L40 Alloy Steel
Low Carbon Steel 1’ stick 7/8” round McMaster-Carr $8.10 8920K215
Rod
Low-Carbon Steel 1’ Stick 1” round McMaster-Carr $5.07 77677371 Donated
Round Tube 0.12” wall thickness
Tight-Tolerance 1/8” ball bearings McMaster-Carr $2.92 9528K45 Donated
Hard Ware-
Resistant E52100 Quantity: 1 Pack (5)
Alloy Steel Balls
316 stainless steel Ya’dia. X 3/4” long McMaster-Carr | $11.99 | 97395A485 Donated
dowel pin Quantity: 1 pack (10)
Square-Profile 1/16” wide X 5/8”ID | McMaster-Carr | $10.01 1182N016 Donated
High-Temperature X % OD
Silicone O-Ring Quantity: 1 Pack (25)
Total - - $54.7 -
Tool Ident Tool Description Source Cost Disposition
Band Saw - Hogue Machine Shop - Resource
CNC Lathe - Hogue Machine Shop - Resource
Form Cutting 0.125” dia. cutting form tool Wildcat Shop $4.00 Pocket
Tools Machine able cutting tool Wildcat Shop $4.00 Pocket
Boring Form Boring tool < 0.5” dia. Hogue Machine Shop - Resource
Tool Boring tool > 0.5” dia.
Square Groove 1/16” wide
CNC Mill - Hogue Machine Shop - Resource
End Mill 1/2” dia. carbide end mill Hogue Machine Shop - Resource
1/8” dia. carbide 4 flute McMaster-Carr $11.29 Cwu
¥4 long square end mill
Drill Press - Hogue Machine Shop - Resource
Drill Bit ¥ dia. Hogue Machine Shop - Resource
V4" dia. Hogue Machine Shop - Resource
Press - Hogue Machine Shop - Resource
File/Deburring - Hogue Machine Shop - Resource
Tool
Welder Aluminum/Steel Hogue Machine Shop - Resource
Scale .01 sec capable Hogue Material Lab - Resource
Tensile Tester >1000 Ibs. force Hogue Material Lab - Resource
Stopwatch .01 sec capable Hogue Material Lab - Resource
Measuring Caliper Hogue Machine Shop - Resource
Instruments Depth Micrometer Hogue Machine Shop - Resource
Dial Indicator Hogue Machine Shop - Resource
Total - - $19.29 -
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https://www.mcmaster.com/#8974k12/=1b64kwd
https://www.mcmaster.com/#8974K46
https://www.mcmaster.com/%236776T13
https://www.mcmaster.com/%238920K215
https://www.mcmaster.com/%237767T371
https://www.mcmaster.com/%239528K45
https://www.mcmaster.com/%2397395A485
https://www.mcmaster.com/#1182N016

Appendix G — Schedule

Fall Quarter:

(Estimated)
(hrs)
Duration

Duration
(Actual)

TASK

FALL

DETERMINE PROJECT
PROBLEM DEFINITION
INTRODUCTION

APPROACH

DESIGN & ANALYSIS

Bearing Orientation

Power Transmission
Self-Reversing threaded Shaft
Ball Nut

Press Fit Cover

Adapter Tube

Adapter

Pin

Shaft

Pin Connector

DRAWINGS

Self-Reversing threaded Shaft
Ball Nut

Press Fit Cover

Adapter Tube

Adapter

Shaft

Pin Connector

Drawing Tree

METHODS & CONSTRUCTION
Self-Reversing threaded Shaft
Ball Nut

Press Fit Cover

Adapter Tube

Adapter

Shaft

Pin Connector

TESTING METHOD

Power Efficincy

[weight
Duty Cyde
BUDGET/SCHEDULE/PRO)
Gannt Chart

Patrs List

Tools List

DISCUSSION
CONCLUSION
ACKNOWLEDGEMENTS
APPENDIX

SUBMITT PROPOSAL

= e e e e e

=)
«
pan‘wu&an—-a‘wﬁnwuwwwws‘,n-n-n-n-n—'—NNSu.vuumanGﬁbr\agmo—lwl
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Winter Quarter:

WINTER

Proposal Revisions

Web-Site Revisions

Prototype

SELF-REVERSING THREADED SHAFT

Job Traveler/Setup Sheets

Tool Construction

Lathe

Setup

Construction

Setup

Construction

Setup

Construction

Grind/Polish

BALLNUT

Job Traveler/Setup Sheets

Tool Construction

Lathe

Setup

Construction

Setup

Construction

Setup

Construction

Grind/Polish

PRESS FIT COVER

Job Traveler/Setup Sheets

Lathe

Setup

Construction

Grind/Polish

ADAPTER TUBE

Job Traveler/Setup Sheets

Lathe

Setup

Construction

Grind/Polish

ADAPTER

Job Traveler/Setup Sheets

Lathe

Setup

Construction

Setup

Construction

Grind/Polish

SHAFT

Job Traveler/Setup Sheets

Mill

Setup

Construction

Setup

Construction

Grind/Polish

PIN & BEARINGS & O-Rings

Welding

ASSEMBLY

TESTING PLAN

COMPLETED DEVICE

Total
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Spring Quarter:

TASK

(Estimated)

SPRING

BLADE TEST

Setup

Testing

DURABILITY TEST

Setup

Testing

EFFICIENCY TEST

Setup

Testing

WEIGHT TEST

Setup

Testing

DUTY CYCLE

Setup

Testing

GENERAL TEST

Setup

Testing

SOURCE

A I L I G L G L G L R G L R G LY

FINAL REPORT

A

LEGEND

PROJECT PHASE

TASK

MATERIAL/PART ARRIVAL

CONSTRUCTION COMPLETION
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APPENDIX H - Efficiency Test
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APPENDIX I — Weight Test
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APPENDIX J - Duty Cycle Test
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APPENDIX K — General Cutting Test
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APPENDIX L — Movement with Force Test
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APPENDIX M — Assembly

L2: 3D printed motor adapter provides a much sleeker
look than the 2016 edition.
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L3: Aluminum blade housing and stainless steel blade.

WA N e 1

L4: Welded Adapter/Adapter Tube and Ball Nut
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APPENDIX N — Resume

Grady Graff

414 West 15th Avenue Ellensbarg, WA 98926 | (509 378-1728 | grafg@onedu

Education School

| cxnm;l; ﬂéﬂfmnummlw - Collega GPA 3117
. Expected Graduation: Fall 2018 ii?:ﬁfpﬁ 383
- Semior Project Webaite: i
gradygraff winsite. com/glechicommer
Leadership

COLTMEBIA BASIN COLLEGE . WU Foothall

- Fapming Start 2014

+ Buddy Club (Chizwana High School)
Intercollegiate Athletics « ASME Vice President

» 30-40 hours per week mchiding games, practice, + High Schoaol 3 sport captain and state champion
mestings, lifts and film stody.

+ Lmebacker/L.ong smapper Skill

Certifications « Proficiant in Microsoft products
- CPE. certified + Fepairmz machanical devices

+ Solid Werks + Problem solving

- Forklift + Planming Booldeaping

+ hiultiple metal shop machines

Experience

*  Abundance of construction experiance Volonteer work for The YVakima Fiver
(roofing, framing, trusses and pole buildings). Clezmap, Mark Twam Elementary,
Vallay View Elementary and the
Little Laague nmpire and high school foothall Chiawana High school link crew.
camp raferes.

INTERNSHIP (FROJECT MANAGCEMENT) | ACME CONCEETE | 07/05/2016-08:20/2016

» Workad a paid mternship last summer for engineenng and project managemant. The project was re-building the
highway betwean Elk-Heaights and Cle-Elypn. Dezlt with zccidents, manazement and worked alongzide laborers.

Eeferance: Ben Walker (508) 991-3852

SHOP ASSISTANT | RAL-BOY | 03/17/2016-03/25/2016
« Helped grind, cut, torch and weld metal to fabricats many different projects 1n a scrap metal yard. Learned how to
Lift heavy objacts safely and commmmicate to machine operators through hand signals.

Reference: Tim Ral (509) 366-2117

FIT SECURITY | CROWD MANACEMENT SERVICES | 06/20/2015-08/10/201=

» Worked stage secunty for 12-15 hour days at the Gorge Amphitheater for every summer concert dealing with
delvydrated and infoxicated fans with Ittle break. Leamed how to diffuse strezzfill srmations and tolerate many
different kands of people.

BEeferance: Matt Christianson (3097 638-2459

FARM HAND | WALKING U FARMS | 06/20/2017-08/05/2017
« Drove tractors, changed water and fixed farm equipment such as bailers, spather, blades and harrow bads, hany
bours of mamal labor m the extreme heat and problem solving sinations.

Eeferance: Mike Lowe (309) 855-2743
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