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Abstract

In 2050 the world’s population is projected to be over 9 billion people, creating a
need for more agriculture production than ever before. One way to increase production of
crops is to get them planted in an optimum planting window. This allows the crops to
take the most advantage of the longer days during the growing season thus increasing
their yield.

The growing size of farms and reduced amount of farmers puts more pressure on
each remaining farmer to mechanize more heavily, and to get more acres planted faster in
order to get crops planted in time. Most areas have an optimal planting window of a few
weeks. This drives a need for planters to get bigger so one man can plant more acres in a
day. Besides getting bigger, planters are also getting able to accurately plant faster. Today
many of the new planters are “high speed,” meaning they are able to plant at speeds of 7
to 10 mph.

The typical research and discussions of high speed planters tend to focus on the
speed effects on the seed placement, emergence, planting rates, active downforce
systems, metering systems etc. There is little discussion on the effects these higher
planting speeds have on the draft requirements of the row unit itself. There needs to be
more knowledge about the relationship between soil and planting tools in order to
optimize power and performance of the tools to minimize fuel consumption, labor, and
soil compaction.

In order to test the draft forces of various tillage and planting tools in different
field conditions there needs to be a machine that can repeatedly test multiple tools in
multiple field conditions over a wide range of speeds. This paper is about the
development of such a machine. The Cultivation Assessment Test Apparatus (CAT App.)
is a device used to pull tillage and planting tools at a consistent depth at different speeds

measuring the draft and downforce requirements during tests.
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Chapter 1 - Literature Review

In 2050 the world’s population is projected to be over 9 billion people (United
Nations, 2015), creating a need for more agricultural production than ever before. As
there are no other continents to be discovered we have to use what we have for cropland
more efficiently. Currently, 12% of the global land area is being used for agricultural
crops, this is, land that supports crop production that isn’t used for infrastructure,
grasslands, forests, or barren (United Nations, 2011).

The growing size of farms and reduced amount of farmers puts more pressure on
each remaining farmer to mechanize more heavily, and to get more acres planted faster in
order to get crops planted in time. Most areas have an optimal planting window of a few
weeks (University of Nebraska-Lincoln, 2016). This drives a need for planters to get
bigger so one man can plant more acres in a day. Besides getting bigger, planters are also
getting able to accurately plant faster. Today many of the new planters are “high speed,”
meaning they are able to plant at speeds of 7 to 10 mph (Anderson, 2016).

Today’s bigger, heavier equipment is able to get more done in a day, but poses
damaging effects to the soil by compaction because it requires bigger tractors with more
horsepower. As quoted from an article from the AgWeb Farm Journal, “‘Horsepower
requirement is definitely a conversation that needs to occur when switching to a high-
speed planter,” says Jacob Swanson, John Deere product manager. “It simply takes more
horsepower to go faster, and that’s accentuated in rolling terrain or softer soils’”
(Anderson, 2016). Compaction resulting from this heavier equipment reduces the air
available to plant roots, reduces water infiltration rates, and limits root growth.

We need ways to minimize the weight of these machines to better utilize the soil’s
potential for crop growth. We can minimize the weight of agricultural vehicles by
optimizing the tools that interact with soil to perform their designed function with the
least amount of power required to do that function. If the same function can be performed
by a lighter vehicle, compaction will be minimized and thus there will be more crop
growth potential. Furthermore, a lighter vehicle will also increase fuel efficiency making
our natural resources last longer, and increasing the producer’s profit margin.

In the ASABE standard for Draft Relationships for Tillage and Seeding

Equipment, planter draft is largely only effected by the rolling resistance of the transport



wheels, gauge wheels, and press wheels (Harrigan, 1994). According to the standard,
when calculating planter draft for planters the machine parameters effected by speed are
both multiplied by zero, therefore suggesting that there is no effect of speed on planter
draft requirements.

Nearly all modern planters use a double disc opener set-up to form a furrow for
the seed. The double disc openers are essentially two coulters that are at a slight angle to
each other to form a wedge that will cut through the soil and residue and move the dirt
around the seed delivery mechanism. In the 1994 ASABE standard, coulters show a
linear relationship with speed. In a study of rolling resistance of pneumatic agricultural
implement tires, it was found that there is a relationship between rolling resistance and
velocity that is impacted by soil compaction (Pierrot, 1968). In the automotive industry
tire rolling resistance is being studied and refined to improve fuel economy due to the
increase of rolling resistance with speed (Redrouthu, 2014). Though automobiles travel at
considerably higher speeds then agricultural planters in the field, per row unit on a typical
planter there are at minimum, two gauge wheels, and two closing wheels. On a 24 row
planter, that’s 96 wheels engaging the soil. A small change in rolling resistance of these
components will be multiplied by nearly 100.

The typical research and discussions of high speed planters tend to focus on the
speed effects on the seed placement, emergence, planting rates, active downforce
systems, metering systems etc. There is little discussion on the effects these higher
planting speeds have on the draft requirements of the row unit itself. There needs to be
more knowledge about the relationship between soil and planting tools in order to
optimize power and performance of the tools to minimize fuel consumption, labor, and
soil compaction. Studying the draft requirements of planters and becoming more
knowledgeable about the relationships the row unit has with the soil can direct the
exploration of new designs to require less downforce and less draft thus reducing the
vehicle power and traction requirements, which in turn will reduce the vehicles impact on
the soil by creating less compaction.

Current methods of studying draft requirements of tillage and planting
implements and their tools are shown in Figure 1. Soil bins (Image of Soil Bin and

Processor, 2018) and tractor and implement configurations (Research Tools, 2018). Soil



bins are used to study the draft forces on isolated tools in a soil media that can be
replicated for very precise and repeatable tests (Liu, 2002). Tractor and implement
configurations vary from drawbar hitch dynamometers to instrumenting tools on the
machine to measure their individual draft as part of the implement. This later method of
testing tillage or planting draft helps give overall data for the entire tool, is mobile and

allows real field conditions to be tested.

Figure 1: Current testing methods for measuring draft. Soil bin (left), Drawbar
dynamometer (right).

To bridge the gap between these two methods of testing there needs to be a
machine that can both be mobile--testing real field conditions, and be precise--isolating
the tillage and planting tools from the rest of the implement. As seen in the diagram in
Figure 2, the Cultivation Assessment Test Apparatus (CAT App.) fills the gap between

the two existing methods.
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Figure 2: Gap in existing testing methods for tillage and planting tools



Chapter 2 - Design

During the development of the CAT App. the design process, depicted in Figure 3
(Research Guides, 2018), was used to come about to a final design that would be a good
solution to meet the design criteria. To meet the project scope the CAT App. design has
evolved from an original gantry and winch concept to a multi-use test bed with auxiliary
hydraulic power ports, a Category 1 vertical quick hitch, a hydrostatic transmission, on a
40 foot track with a ball type trailer hitch and a removable axle. CREO Parametric was
used to model designs in order to evaluate their effectiveness and manufacturability while
developing the design. Several iterations and designs were modelled and discussed in

order to get a machine that would meet the specified criteria.

Ask:
Identify
the need &
constraints

Improve:
Redesign
as needed

Research
the problem

Imagine:
Develop
possible
solutions

Test and
evaluate

prototype

Create: — Plan:
Build a Select a

rototvpe promn§ing
i tvp solution

Figure 3: Engineering design process




Identify Constraints
The first step in this process was defining the scope of the project by creating the
list of design criteria to focus the design of the machine to meet the needs of project. The
goal of the project was to develop a device that could be used to test tillage and planting
tools for draft and downforce variations in order to optimize their geometries to reduce
their draft and downforce requirements. To reach this goal the design criteria for what
became the CAT App. was as follows:

e Mobility to test in different fields and locations,

Speed ranges seen by planting and tillage tools in the field (0-10 mph),
e A variable drive to select any speed within its range,

e Ability to accommodate a large variety of tillage and planting tools,

e Precise measurement of: draft, speed, downforce, and position,

e Ability to set tools at all conventional working depths,

e Atest length 1/1000 of an acre for a 30 in row (17 feet 5 inches), and

e Repeatability of all testing aspects in real field conditions.

Research the Problem

As soon as the problem was defined research began to learn what other things had
been done in this field of study to solve similar problems. Research was also done to
learn more about the details of each of the design constraints. Along with researching
what had been done in this area of study before, committee members, peers, other faculty,
and professor were all consulted at different times throughout the design process. They
helped refine the design, and provided opinions and things to consider that helped guide
the design of the CAT App. This process of research and consulting took place regularly
throughout the design of the machine.

Imagine/Develop Possible Solutions

The first solution proposed to meet the design criteria was a C-channel frame with
a carriage much like a trolley for a crane that would be pulled by a winch mounted at the

front of the track (Figure 4). After developing this possible solution it became evident



that the design problem wasn’t as simple as what was first thought. The problems with
this first design concept were mostly with the propulsion system of the carriage. It would
be difficult to moderate the speed of the winch accurately accounting for the change in
the spool diameter as the cable began creating consecutive layers around the spool. Also,
higher speeds would be hard for the winch to attain. Returning the carriage to the “home”
position would require either, another winch and cable on the other side of the track or

someone to manually push it back between tests.

Figure 4: Initial gantry and winch design concept

To address the issues found with the initial concept, other propulsion systems
were investigated, though maintaining the track form of the machine. The benefits of the
track design are that it eliminates variables such as wheel slip, ground roughness, and
topography variations in the field. These benefits give the machine many of the
advantages of a soil bin, only mobile. Firstly, an electric drive for the propulsion of the
carriage was investigated. Using an electric motor coupled to a gearbox (shown in white
in Figure 5) powering output shafts going to the outside of the tracks would provide the
power to move the carriage. Drive sprockets would then be mounted to the output shafts.
Additional idler sprockets would be mounted to the rear of the track. Roller chain could
then be attached to the carriage with the front end of the chain being attached to a load
cell to measure draft. Electric motors have the advantages of smooth power delivery to

the carriage, less noise, ease of control, and repeatability.



Figure 5: Gear box and output shafts

A problem with this design was that having electric motors with enough power to
propel the carriage and tools engaging the soil forward at the speeds desired would
require three phase power. Three phase power would be easily available for indoor
testing, barring the specific need to test outdoors, in the field. Three phase generators in
the field would solve this problem, but the cost of such a generator would have exceeded
the budget for the project. Another issue was with the chain pulling the carriage, along
with the need to shield that chain, since it would be moving rapidly and in the open. Also,
the chain would need to be supported over the length of the track since track lengths were
expected to be well over 20 feet long. If not supported, the chain would oscillate
vertically and interfere with draft measurements as well as the control of the speed. The
greatest concern with the chain was safety and how to shield it appropriately, and still
allow for the carriage to move.

Early designs of the track included heavy rail I-beams from PBC Linear. These I-
beam rails allowed for combination bearings that were designed for radial loads when
engaging the flanges of the I-beam, and also had a roller for going against the web of the
I-beam when an axial load was present. Having two bearings on each side of the I-beam
would allow the carriage to keep the tracks from spreading apart due to their length. The
bearings are shown in Figure 7 in an early rendition of the carriage. The 8 bearings for
the carriage were quoted at $810.13, and two I-beams at 19.5 feet each were $975.00.

This was a significant cost and other options were looked into for cost savings, especially



after the machine length doubled to 40 feet long to allow for acceleration and
deceleration distance for higher speed tests.

In order to attach a wide variety of different tools a Category 1 three point (Cat. 1
3-pt) hitch was considered. A 3-pt hitch would enable any currently produced small
agricultural implements to be attached to the CAT App. as well as to a tractor if true field
tests were desired with the same tool, as seen in Figure 6. This would give a lot of
flexibility to the tools that could be used, and the kind of testing that could be done with
them. Generic toolbars could be made using square tubing sizes (such as 3 in., 4 in., and 7
in. square tubes) used by most agricultural equipment to mount tools to the frame. This
design allows direct fitment of tillage and planting tools to the toolbar used for either

testing with the machine or testing with a small tractor.

Figure 6: Great Plains twin row unit hitched via 3-pt to an M9000 Kubota Tractor

Initially a true 3-pt hitch was designed to work exactly like a 3-pt on the back of a
tractor, with two lift-arms and a single top-link (see Figure 7). Parts for the top-link and
lift arms could be sourced from Tractor Supply Company, a local retailer that carries such
parts that are a direct fit to some utility tractors such as an older 8N Ford. Instead of using
hydraulics to lift the 3-pt., linear actuators could be used to raise the lift arms in order to
be more easily controlled with a program without a lot of additional hardware. Two
actuators working in tandem could be used to increase their lift capacity, but it would still
be limited since the design of a 3-pt leaves the actuator at a mechanical disadvantage due
to the geometry.



Figure 7: Three point hitch design

A true 3-pt hitch would work to raise and lower implements, and works on a
tractor to give more ground clearance with longer implements when raised. However, the
depth would be difficult to control for tests without the addition of gauge wheels which
would interfere with the ability to measure downforce at the carriage with a single load
cell. Also, a true 3-pt hitch would allow the tool to move a little from side to side, and
wouldn’t hold the tool rigidly, which would affect the data from tests by introducing

unknown variabilities from unmeasured tool movement.

Create and Build a Prototype

To test the drive sprocket and fixed chain design and to learn more about the
details of a gantry machine that is programmed, a concept of the machine in a scaled
version was made (Figure 8). This test version gave a test run of the program, and aided
as a stepping stone to get a better idea of what was needed for the design of the machine.
The scaled version was a DC motor powered by a 12V battery that sat on a carriage. The
DC motor with accompanying gearbox was mounted to a steel frame which mounted to
the linear bearings that held the carriage. The 24T-35 sprocket was then mounted to the
output shaft of the gearbox. This drive sprocket, along with two 19 tooth idler sprockets,
to create sufficient chain-wrap around the drive sprocket, with a 35 roller chain, propelled
the carriage of the gantry forward when the motor was turned on. The 35 roller chain was

linked solidly to the rear of the gantry frame, and linked to an S-Type load cell that is

10



mounted to the front of the gantry frame. Two constant force strip springs were selected
to simulate a tillage tool draft load on the carriage. These springs were hooked to the
carriage and to the rear of the gantry frame. The carriage was mounted on four linear
bearings that were free to slide on two shafts that acted like the track. The design
included the same design of the finished CAT App. of having a sprocket mounted on the
motor and an idler sprocket on either side of the drive sprocket. This tested the designed
set up of the draft measurement and the propulsion system for the CAT App. A
LabVIEW program was developed to control the test machine.

Figure 8: Preliminary model for testing design concepts of the machine

From tests on this initial prototype knowledge was gained about details involved
with programming a carriage to move along a fixed track. Learned concepts from
creating the code in LabVIEW for this initial prototype gave a better understanding of
things that needed to be considered for the selection of components for the final design.
Besides being helpful in learning LabVIEW details particular to this type of system, the
initial prototype tested the function of the drive sprocket and idler sprocket configuration.
From this prototype build it was shown that the drive system could be used in the final

design due to its successful outcome in the initial prototype.
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Chapter 3 - Final Design

In order to size the components of the final design draft forces of a wide variety of
tillage and planting tools were calculated at speeds of zero to ten miles per hour. To
calculate draft forces of various tillage and planting tools the ASABE standard for Draft
Relationships for Tillage and Seeding Equipment (Harrigan, 1994) was used. All the
tabled data from this standard was inserted into Excel, and the width of a single foot of
that implement or a single tool was used for calculating the draft requirements of each
type of tool. Conventional operating depths were used in the calculations as well. The
calculations of the draft for the all the tools (excerpt of spreadsheet in Figure 9 below)
were then used to calculate the size of the drive sprockets and the size of the chains used
to propel the carriage down the track. Low duty cycles were expected for the chain so
tensile strength of the chain was used for selecting the appropriate size of chain based on
a Martin Sprocket and Gear, INC. Catalog 60, which had sizing and design information
for chains and sprockets. 50 heavy (50H) chain was selected for the drive chains for the
CAT App.

12



Implement

13 Draft (Ibf/ft)
7 MINOR TILLAGE TOOLS

43 Rotary hoe 41

49 | Coil tine harrow 17

50 Spike tooth harrow 40

51 Spring tooth harrow 135

52 Roller packer 40

53 |Roller harrow 180

54 Land plane 550

55 |SEEDING IMPLEMENTS
56 Row crop planter, prepared seedbed

7 Mounted-seeding only 110
58 Drawn-seeding only 200
59 Drawn-seed, fert. and herb. 350
60 Row crop planter, no-till
61 Seed, Fert, and herb., 1 fluted 410
62 coulter/row

Figure 9: Excerpt from draft calculations spreadsheet

Variable Drive

To provide a variable drive that was mobile, a hydraulic drive was chosen. To
power the CAT App. it was decided to use a 31 Hp Briggs & Stratton engine due to its
availability at a significant discount, and for its size. According to the draft calculations
and hydraulic pump and motor combination calculations this amount of power would
allow for a moderate selection of minor tillage and planting tools to be tested by the
machine until a more powerful engine could be purchased with additional funding.

Draft calculations were also used to size hydraulic components for the CAT App.
The pump and motor were sized to be able to supply the desired speed range and the most

torque possible with the 31 Hp engine available. All the valves, hoses, and other

13



components were sized for a flow capacity of at least 25 gpm and 2500 psi in keeping
with the maximum output of the pump motor combination.

A schematic of the hydraulic system is given in Figure 10. Hydraulic flow is
created by a 1.654 cubic inch per revolution Prince pump to deliver up to 24.3 gpm flow
at 2500 psi to the 1.80 cubic inch per revolution Cross Hydraulic motor when the engine
is set to 3500 rpm maintaining the motor below its rated max speed of 3000 rpm. A 30
gallon reservoir was available for use for the project and its capacity was found to be
adequate during testing due to the low duty cycle of the machine. Full flow to the motor
will allow a speed range of zero to 12.5 mph calculated with no load and no pressure loss
through the hoses and other hydraulic components. At full pressure (2500 psi) the draft
the motor is capable of pulling by the machine is 938 pounds based solely on the pump
and motor’s rated outputs. The speed and pull force are reduced to approximately a speed
of 10.5 mph, and 795 pounds of pull force, if the machine would have an 85% efficiency
of the hydraulic system in accordance with the formulas given by (Trinkel, 2014). It is
important to note that the carriage itself puts a draft load on the machine when it is being
moved and accelerated. The carriage’s weight is approximately 1,200 lbs plus the weight
capacity of the linear actuator of 786 Ibs, giving a total weight of 1,986 Ibs to be

accelerated and pulled along the track in addition to the tool being tested.

I
]

é =
Figure 10: Hydraulic schematic the CAT App. hydraulic system

The hydraulic system’s pressure is regulated by a Prince RV-2H pressure relief

valve with a range of 1500 to 2500 psi (for component data sheets see Appendix A, for

14



Component pricing see Appendix B). The system uses a Brand Hydraulics flow control
valve that can moderate the flow from 0-30 gpm. This flow control valve is electronically
controlled by varying the amperage input to the valve. An Axiomatic solenoid driver
(model number RSD-PCB-5V-1.2A) is used to either accept a voltage input from the
potentiometer on the control panel, or a pulse width modulated (PWM) voltage input
from the program. The direction of the carriage is controlled by a Northman Fluid Power
directional control valve. This valve is a three position, double solenoid, open center
direction control valve that switches between positions by supplying 12V to either
solenoid. The direction control valve is mounted on a Northman Fluid Power single-
station subplate (model number M03-06-S-2) to allow easy plumbing to the motor with
hydraulic hose with % in NPT ends. The open center position of the direction control
valve allows for the pressure to be removed from the system in the center or neutral
position of the valve. This free flow of fluid through the system in the neutral position
reduces component wear and reduces the amount of heat added to the oil while the
machine is between tests. A summary of the specifications for the CAT App. can be seen
in Table 1 below.
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. Specifications

Overall Track Length: 42 ft.
Overall Height: 81.5in.
Overall Width: 80.5 in.
Available Test Length: 36 ft. 6in.
Available Test Width: 60 in.
Rated Engine Power: 31hp
:Z:ar:::;c Reservoir 30 gal.
Operating Pressure: 1500 - 2000 psi
Speed Range: 0-8 mph
Maximum Draft: 700 Ibs

Table 1: CAT App. specifications

Track

The track type was inspired by a roller coaster track design and was a cost
reduction from the earlier I-beam design giving a track and bearing material cost savings
of $1611.53. This cost savings is only the difference in material costs; differences in
fabrication costs were not part of the calculated budget since the labor wasn’t outsourced.
There are three parts to the track; the track support frame made from four inch square
tubing with ¥ inch wall thickness, a three inch schedule 80 pipe for the carriage to
follow, and bracing supports that tie these two pieces together. Increased wall thicknesses
were chosen to provide frame strength during transportation and to weigh down the track
so the machine could apply adequate downforce to keep tools at the desired depth without
picking up the track or sliding the track with the pull force of the carriage instead of
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moving the tool in the ground. The track is made of 4 pieces of track that are 20 feet long
(the three inch pipe sticks out an additional foot in each corner of the track). Each of
these pieces weighs approximately 500 Ibs. The front and back halves of the track are
held together with a three foot piece of 3.5 inch square tube with a % inch wall thickness
that slides into the mating 4 inch square tubes on each side. Four % inch bolts on each
side of the track are used to hold the two halves together.

Since the track was the component of the machine that was most critical to be
able to withstand the loads it would see during transportation, a Finite Element Analysis
(FEA) study was done on the track. To make sure the track could withstand the loads it
would experience a worst case scenario was assumed during the study. This scenario
would be supporting the weight of a fully loaded carriage (1200 Ibs) with the dynamic
weight limit of the linear actuator (786 Ibs) on the hitch. For the study one side of the
track was isolated. It was then supported at both ends and loaded with half the load of the
carriage and half the linear actuator dynamic load limit. Originally the supports between
the four inch square tubing and the pipe were set at 24 inches on center. After analysis the
span between the supports was reduced to 10 inches on center to reduce the stress on the
welded joints of the supports to the pipe and the square tube. With this spacing the stress
on the joints was reduced to approximately 30,500 psi (Figure 11). The material that was
used for the construction of the CAT App. is ASTM A36 structural steel. This material
has a yield stress of 36,000 psi. This gives a factor of safety for 1.18 for the tracks before
yielding occurs. The worst case scenario loading should rarely be seen, if at all, since the
track is on the ground during testing, and the axle is mounted below the carriage during
transport, so none of the carriage weight is on the suspended area of the track during
transport.
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Figure 11: FEA static analysis

The carriage runs along the track via four “tri-caster” wheel units. These units are
removable from the carriage while the carriage is still on the track. The topmost wheel of
each unit supports the weight of the carriage and the tool being tested. The two side
caster wheels of each unit, located 120 degrees from the top wheel, keep the carriage
aligned while going down the track. At either end of the track these units act as a carriage
stop with the end track pieces that hold the two sides of the track together. A % inch bolt
on each side is used to mount these end of track pieces to the frame, which can be seen in
Figure 13.

Carriage and Hitch

The carriage was made to house the hydraulic system and keep all the
components together with the toolbar and hitch as the carriage moves along the track.
This design of the carriage simplifies getting the power to the toolbar and allows for the
chains used to propel the carriage to be stationary, eliminating safety hazards of long
chains moving at fast speeds. The design also reduces the number of cables or hoses that
need to be hooked to the carriage from the track to only the two cables for the two draft

measuring load cells at the end of the track. This reduces the weight and complexity of
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having multiple long hoses and cables span the entire length of the 42 foot track. The
carriage is built around a rear axle out of 2001 Ford Explorer which allowed for a simpler
design. This axle provides a gear box for necessary reduction of 3.73:1 from the
hydraulic motor, and a means by which to get that power to the drive sprockets that
engage the chain along the track. The axle is also the main structural component between
the two sides of the track, supporting the hitch and hydraulic system as seen in Figure 12.
In addition, the axle comes with outboard disc brakes that can be used for slowing the

carriage at the end of a test at a higher speed.
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Figure 12: Carriage of the CAT App.

The hitch, as shown in Figure 12, is a vertical hitch that acts much like a mast on
a forklift. A type of quick hitch was made to accept Cat. 1 3-pt toolbars. Dimensions for
the quick hitch were pulled from the 1SO 730 Standard for 3-pt hitches (Clark, 1968).
Category 1 3-pt was chosen in order for the CAT App. to accept small utility implements
built for utility tractors under 50 Hp. The quick hitch allows for easy hook up of different
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tools that can also be hooked up easily to a tractor, and prevents the tool from moving in
any direction except up or down when controlled by the operator.

To move the hitch up and down a Nook (model number ND8-24-10-B-610-LT-
POT-IP65) ball bearing linear actuator is used. The actuator has 24 inches of travel and a
dynamic weight capacity of 786 Ibs in either direction. The built-in potentiometer in the
actuator allows hitch height to be read directly from the actuator’s position. The hitch is
mounted to a 1200 Ibs S-type load cell that allows the weight of the tool to be measured
and any reduction in that weight or additional force applied to put the tool in the ground
and maintain that tool depth giving the downforce requirement of the tool. A complete

model of the CAT App. track and carriage can be seen in Figure 13.

Figure 13: Full view of the track and carriage

Mobility

To make the CAT App. mobile a 2-5/16 inch ball bumper hitch was attached to
the front of the track using two by four inch rectangular tubing with a 3/16 inch wall
thickness in an A-frame configuration. A telescoping jack was installed in the hitch for
safety and ease of unhooking the CAT App. from a tow vehicle, whether in trailer or
testing mode. A used 10,000 pound trailer axle was available to mount under the CAT
App. for transporting it. To attach the axle, angle iron pieces are inserted into the track

between the square tube and the pipe and below the square tube. These angle iron pieces
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are then clamped around the square tube using a %z inch bolt as seen in Figure 14. The
pipe support pieces of the track act as a means to prevent the axle from sliding forward or
backward during transport. In the last stages of the project two 6,000 pound axles
replaced the 10,000 pound axle to lower the center of gravity and make axle removal

easier and safer.

Figure 14: 10,000 pound axle with hardware used for transporting the CAT App.

To put the CAT App. into trailer mode, the carriage is moved into position 10 feet
in front of the back end of the track. Here the carriage is bolted to the track to lock it into
position. This positioning puts the carriage in the middle of the back section of the track
and puts the carriage directly above the axle location. The back of the machine is then
raised with a forklift or a front end loader. While raised, the axle is put into position
under the carriage to reduce the weight carried by the track, limit the weight on the hitch
of the tow vehicle, and allow the machine to follow the tow vehicle better around sharp
turns. Once the weight is fully on the axle, the angle iron brackets are put into place and
tightened together to securely attach the axle to the track. The CAT App. is now in trailer
mode as depicted by Figure 15. The process to change between testing mode and trailer

mode of the machine for transporting takes 20 minutes with one person.
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Figure 15: CAT App. in trailer mode - on axle with bumper pull hitch installed

Fabrication and Design Details

All the fabrication of the CAT App. took place in the Kansas State University’s

Biological and Agricultural Engineering Department shop. Major tools that were utilized

for the fabrication of the CAT App. included the following:

PlasmaCAM CNC plasma table with Hypertherm Performax 65
Torchmate CNC plasma table with Hypertherm Performax 65
Haas TM 3P CNC mill

Harrison M400 lathe

Miller 251 and 200 MIG welders

Drake 50 ton Press

After the designs for the track and most of the carriage were completed, materials

were acquired to begin fabrication. The tracks were the first things to be made. This gave

a framework for the rest of the project to be built around. To ensure equal spacing and

accurate placement of each track support a jig was made that could be clamped to the

previous support and straddle the square tube the necessary distance, and then the next

support to be welded to the square tube could be clamped in place to the jig, and welded.

After the supports were all welded in place, the pipe was laid on top of the supports and

clamped firmly in place. One edge of the pipe was aligned flush with the square tube.
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This pipe end would be the middle of the track. The other end of the pipe was allowed to
stick over the edge to provide for a mounting location for the either end of the chains that
would be used to propel the carriage forward.

Once the four track sections were built, the joining 3.5 inch square tubing piece
was made and the tracks were joined together in the middle to form two 42 foot halves of
the track. The end track pieces were made after the base of the carriage was installed on
the track. This ensured that if the final dimensions of the fabricated carriage had any
variance from the model, the carriage would still fit without complex alterations.

After the track was built, work began on the heart of the machine, the carriage.
The pieces for the carriage were formed as needed. Then the tab-and-slot design was
utilized for fitting the parts together along with using the casters to bolt pieces together to
ensure proper alignment. All four of the “tri-caster” units were welded together as
separate units, then the formed parts that made up the interface where these units could be
bolted or unbolted from the carriage assembly were bolted together to ensure proper
alignment. Sections of square tubing and pipe were then used as depicted in Figure 16.
This process was used to ensure that all four of the “tri-caster” units would be uniform

and aligned when welded in their proper place as part of the carriage assembly.
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Figure 16: Alignment clamping of the four *"tri-caster' assemblies
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The idler sprocket bearing mounts and the “tri-caster” assemblies were then
welded onto the two 3 inch square tubes that bolted to the axle via two 3/8 inch plates
that were welded to the axle itself. After these few items were in place the axle assembly
was beginning to take the shape of what would be the carriage. This assembly, seen in
Figure 17 with some additional parts clamped to it, was installed on the track and tested
for fitment and for how it would run up and down the track. During these tests the base
carriage ran smoothly along the track only catching a little in the middle of the track. This
catching was developed by the track pieces “smiling” due to the top side being the only
side that was welded on the square tube. With all the welds on the top side of the tube,
the top of the tube contracted, pulling the ends up. This causes a slight rise in the track

ends and the middle of the track.

Figure 17: Carriage taking shape

After the axle was installed on the track, the engine mounting plate was installed.
It was U-bolted on to the rear axle where the leaf springs would normally be attached. At
this time it was observed that the engine mounting plate was only attached at the axle,
and that additional support could be easily gained by tying the square tube of the engine
mounting plate to the front of the 3 inch square tube used to hold the “tri-caster”
assemblies on. This tie-in supported the hitch and the engine plate more rigidly to reduce

vibrations and strain on the U-bolts holding things to the axle, by supplying a true node
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for the front hitch mast brace instead of it being braced only by a moment about the axle.
The hitch mast was then clamped in place, and the supports for the mast were clamped to
it to make the mast perpendicular to the ground as seen in Figure 17. The supports were
then welded in place and the hitch mast was welded to its mounting plates.

The quick hitch was then fabricated. The combination bearings were welded to
their mounting plates and then temporarily installed for fitment of the parts to the mast
while things were only tacked together. After everything was aligned the hitch was
welded to completion and used for final measurements for the design of the mounting of
the linear actuator.

The next thing that was fabricated was the mounting for the linear actuator on top
of the mast. This mounting was designed in conjunction with the mounting for the
hydraulic reservoir during fabrication, as it wasn’t sure how things would fit or line up
until things were installed, since the reservoir mounting bracket and straps were used
from a previous use of the reservoir, and the time wasn’t taken to reverse engineer this
bracket. The actuator was then mounted to the S-type load cell that would measure draft
and the load cell amplifier was mounted nearby. The actuator could then be used to hold
the quick hitch.

While the carriage was on the track, the carriage was used to hold the tracks
where they needed to be. The track ends were then cut to length and welded in place. To
set the square of the track, the track end was clamped to the flat sides of the “tri-caster”
assemblies facing the track end. The carriage was then positioned in place to set the
length of the track then clamped in place. This ensured the track was square to the
carriage and that there was no pinching or pulling of the carriage by the track. The joints
of the four inch square tube that made the track end and the two 3.5 inch square tubes that
slid in the end of the track segments were then welded together. The holes were then
drilled for the % inch bolts to hold the track ends to the track.

The carriage was also used as a jig when welding on the angle-iron pieces that
hold the drive chains in place and the flat strap that holds the cable chain along the track
frame. To make sure the pieces fit properly through the carriage, two jigs were made to
clamp to either side of one of the “tri-caster” assemblies. Next the material being welded

in place was clamped to the jigs. This jig set the placement of the piece so it could be
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welded to the track. Once welded, the piece was simply unclamped from the jig, then the
carriage was rolled forward, then the piece was clamped to the jig in the new location and
welded there. This process, and use of the carriage as a jig along with other jigs sped up
the fabrication of the machine in a safe way, and ensured everything fit together
according to the model.

The placement of the hydraulic components came next. The engine was mounted
to the engine subplate, then the pump and motor mounts were made. After these were
mounted, the routing of everything else had to be solved. It was decided to put a plate
down that could be U-bolted to the engine mounting support frame, and all the hydraulic
components could be bolted to this plate. As seen in Figure 18, the steel mounting plate
U-bolted in place with paper taped to it--used to mark the locations of each hydraulic
component. The plate was then taken off and the marked mounting holes were drilled.
Then each component was installed with corresponding hardware. Once each
component’s place was known the required fittings were ordered. During installation of
all the fittings and hoses Loctite 545 hydraulic thread sealant was used on all pipe thread
(NPT) connections.

Figure 18: Layout of the hydraulic components

After the hydraulic system was plumbed, assembled and filled with fluid, the

wiring was done to hook up all the controls. To house the controls for the manual control
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of the CAT App. a control panel was made (Figure 19). The control panel is mounted to
the top of the front right “tri-caster” assembly. The stand of the control panel is a piece of
1/8 inch wall two inch square tubing. Holes were cut on the top and bottom of the control
panel upright to allow the wiring to be ran inside the tube to keep it organized and safe
from getting caught in moving parts, as well as out of sight as much as possible. The
controls on the control panel include:

e Hitch (raise, stop, lower) — rocker switch

e Direction control valve (forward, neutral, reverse) — rocker switch

e 12V power to controls — safety toggle switch

e Engine start — Briggs ignition switch

e Flow control valve — potentiometer wired to solenoid driver behind panel

e Digital engine tachometer

e Fuse block — behind the panel out of sight, fuses for each component
As part of the control panel, the top was designed to hold a laptop that would be the user

interface to run the machine in automatic mode.

Figure 19: First time the CAT App. was operated with all the manual controls
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When everything was wired up the machine was started for the first time. It was
run under its own power the entire length of the track. At this time a few safety and
design concerns were noted. First, the track seemed a little on the short side for high
speed testing, which was a concern from the beginning--thus the modular track design to
allow expansion of the track. Second, the carriage was prone to slam into the end of the
track when coasting without a load. Limit switches were added to kill power in the event
either end of the track is reached. For further development the caliper brakes of the rear
axle could be integrated into the control of the machine to aid in test sequences to slow
the carriage after a test, and to allow for a parking brake on the machine to enhance
safety. Another observation from these initial machine runs is that it’s important to keep
the ball valves open on either end of the reservoir unless the system needs to be opened
for service. During a follow up test of the function of the hydraulic system the valves
were unknowingly closed prior to the test. When the engine turned over a couple times,
before the engine even started, the oil filter popped off the threads, making the mess

shown in Figure 20.
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Figure 20: Oil spill from popping threads on oil filter

When the filter was replaced and all the hydraulics were back together,the system
acquired a perpetual drip. The cause of this has been concluded to be overtightening of
the NPT fittings. To address this the fittings should have been torqued correctly, or a
different style of fittings chosen such as SAE or JIC fittings.

After function of the machine was tested, the machine was disassembled and
prepared for paint. Hecht Interior Painting donated time, equipment and expertise to paint
the track and the larger components of the carriage. After the paint cured, the machine
was reassembled.

Once reassembled the program was tested on the machine in the location shown
in Figure 21. After the program was proven to be functioning, with no load, it needed to
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go to the field to be tested with a load. In order to get the machine to the field the
mobility aspect of the machine needed to be made. First the hitch was made then the axle
was built. Before the machine could be raised to place the axle in position the carriage
needed a way to lock it in place. The locking device designed to hold the carriage in place
during transport are tabs bolted to each of the “tri-caster” assemblies which are then

bolted to the pipe of the track.

L -

Figure 21: Assembled CAT App. after painted
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Chapter 4 - Control

The CAT App. is a closed-loop controlled machine using sensors for feedback,
hardware that could be controlled electronically, and a microcontroller to process all the
inputs and outputs. From the experience gained with the initial prototype, LabVIEW was
used as the programming language, and a National Instruments (NI) myR10-1900 was
used for the microcontroller. As already mentioned, hydraulic components requiring
control were selected with the capability of controlling them with Proportional, Integral,
Derivative (PID) control, Pulse Width Modulated (PWM) or simply 0 or 12 volts for on
or off controls respectively.

LabVIEW 2013

LabVIEW 2013 was used to create a program that would control the CAT App.
(see Appendix C for pictures of the LabVIEW block diagram to see the code). The speed
was controlled through the use of a PID control. A PWM signal was used to control the
linear actuator in conjunction with the SyRen motor controller (see Appendix A for
component data sheets, and Appendix B for prices and sources). A relay board was used
to handle all of the higher load switching for the direction control valve and the linear
actuator.

The front panel of the LabVIEW program (Figure 22) was designed to show the
PID control graph, which shows the desired speed, the actual speed, and the PID output.
The front panel also displays the left and right draft forces via a gauge, as well as the
weight on the hitch. Also displayed on the front panel are the speed output, the carriage
position, the hitch position, and an error message that alerts the operator if the files are
not saving to the flash drive after each test. The controls on the front panel include the
proportional and integral gains, the set speed for the test, and the direction of the carriage.
The hitch was controlled by rocker switch on the control panel but could be added to the
front panel for more automated tests. The last control on the front panel is the “stop”

button which ends the program and saves the txt file to the flash drive.
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Figure 22: Front panel of LabVIEW program used to control the CAT App.

NI myRI10-1900
As seen in Figure 23, a sealed toolbox was used to house the NI myRIO-1900
microcontroller and the rest of the hardware to control the CAT App. and to collect data.
All the power and sensor connections were made at two connectors at the back of the
box, making the hardware easy to remove for diagnosis of the program in the lab. A
laptop running the LabVIEW program was placed above the control panel and strapped

down to secure it. This location of the laptop allowed everything to be monitored and

controlled by the operator at one spot.
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Figure 23: CAT App. with laptop running LabVIEW and the control box housing a
National Instruments MyRio microcontroller and the hardware to control the CAT

App.

Sensors

The CAT App. measures and records: the carriage speed, the downforce being put
on the tool to keep it at the desired depth, and the draft of the tool as it is pulled during
the test. The speed of the carriage is measured by an ACCU-CODER quadrature optical
encoder (part number 260-N-T-10-S-1024-Q-PP-1-S-FA-1-N) with a 1024 pulse count
per revolution mounted on the front right idler sprocket shaft. This encoder was available
for use from a different project, so it is not included in Appendix B. To measure the draft
of the tool being tested, two chains lay inside the track and were attached to the front of
the track via two Phidgets 1,210 Ibs (550 kg) S-type load cells (part number RB_PHI-
204). An identical load cell was mounted to the top of the mast of the carriage to support
the linear actuator and the quick hitch that the actuator raises and lowers. This load cell
was used to measure the downforce of the tools being tested. Next to each load cell a
SMOWO RW-STO1A load cell amplifier was mounted and wired in-line to ensure signal
noise reduction to the myRIO for cleaner data.

The hitch height was measured from the voltage output of the built-in
potentiometer of the Nook Industries N08-24-10-B-610-LT-POTIP165 ball bearing linear

actuator. The actuator was controlled by a SyRen 25A regenerative motor driver, from
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Dimension Engineering, by a set duty cycle (one for raise, one for off, and another for
lower) and frequency in the LabVIEW program for either the raise, off, or lower. The
power to the actuator was turned on and off via the Progressive Automations’ LC-202 8-
channel relay module that was controlled by the myRIO’s output signal. The relay
module was also used to actuate the solenoids on the direction control valve.

The speed of the carriage was controlled by the flow of the system to the
hydraulic motor. This flow was regulated by the Brand 0-30 gpm flow control valve. This
valve was controlled by the current output of the Axiomatic solenoid driver. The solenoid

driver takes a PID output signal from the myRIO.

PID Control

The output of the PID controls the flow control valve output flow to the hydraulic
motor on the pinion of the gearbox driving the CAT App. forward or backward. Having
this control over the flow enables the carriage to move at a specified speed in either
direction of travel. The PID increases its output until the speed, calculated by the encoder
signal, is matching the desired or set speed. During a test the operator can select from the
front panel the set speed for the test, and the desired direction of the carriage. The

selection of the direction begins the test.

Tuning the PID Control

Initial tuning of the PID control was done by taking the chain off the drive
sprocket on the right side of the track. The differential of the rear axle allowed the power
to be directly transferred to the one side, and the other side being locked at a stop would
allow true speed measurement of the free side. A short chain was then made to wrap
around the drive sprocket and the idler sprocket with the encoder attached to it. This
arrangement allowed the machine to be operated without movement of the carriage to
define the range of the hydraulic system PID gains more closely to make the tuning of the
machine safer for tuning the system with the entire carriage moving. After this was done,
the mass of the carriage was taken into consideration. The small chain was removed and
the drive chain was reinstalled. While running the machine on the track alone, the

tendency for the machine to coast became evident, especially since the area where the
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machine was parked had a slight grade due to a nearby drain. With the coasting, the
control of the machine had to be changed to not reverse the direction of the motor if the
speed was too far above the desired speed. The control algorithm was changed to
approach the desired speed and then letting the PID control the speed instead of the
hydraulic valves. This change resulted in much smoother results. From these tests with
the carriage the proportional gain was set at 0.1 and the integral gain was set at 0.01.
The next phase of tuning the PID control of the carriage speed was adding a load.
During the first experiment, tests were run at lower speeds obtaining a 0.4 to 0.6 mph
threshold for the 0.5 mph desired speed. Higher speeds noticed more fluctuation as well
as the machine struggling to get to the desired speed. A higher proportional gain was
found to bring the machine to the desired speed faster, but would soon exceed the desired
speed giving an erratic behavior of the speed creating a lot of periods of accelerating and

decelerating during the tests as seen in Figures 24.
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To do an analysis of the speed fluctuations from experiment one, all the data
points--from the time the carriage reached the desired speed until it started its final
deceleration--were compiled. The average of the draft and of the carriage speed was then
calculated for each test at each set speed, getting a total average of actual carriage speed
at all three tests done at each set speed. These results indicated that the machine was
underpowered, since changing the gains made the problems worse, and that the engine
was struggling to reach the higher speeds.

To verify this conclusion, a controlled load testing device was constructed (Figure
25). Originally, the device was hooked to a tractor via a 3-pt hitch, and the two hoses

from the motor were connected to the tractor’s hydraulics. The motor, a Sauer Danfoss
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OMT 250, and tire assembly were mounted on a frame that was free to slide forward and
backward on linear bearings. A load cell was then connected between the sliding frame
and the frame hooked to the tractor. The tractor hydraulics were used to drive the tire,
then the operator could lower the spinning tire down to the ground to measure the traction

or pull force of different tire types or tread patterns.

Figure 25: Wheel apparatus for applying controlled load to CAT App.

To alter this device to be a controlled load for the CAT App. the hydraulic hoses
were removed and replaced with a small closed system. A one-gallon reservoir was made
and the supply hose was plumbed to the hydraulic motor. The return of the hydraulic
motor was plumbed to a pressure relief valve, which is connected to a “T” fitting with a
pressure gauge. On the other side of the “T” fitting a needle valve was connected, and
finally a hose connected the needle valve back to the tank. This system allowed the wheel
to build pressure in the system, to an amount specified by the setting of the needle valve,
while the wheel turned as it was being pulled by the CAT App. Weight for more traction
could be added on the weight rack to force the tire to spin under the system pressure
instead of skid along the surface of the ground.
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The drive sprocket ratios were manipulated to allow the device to build adequate
pressure to load the machine, and to also get a high enough pressure reading to be able to
adjust it for different load settings. Four different ratios were tried, ranging from 1:4 to
4:1. The optimum ratio was found to be at a 2:1 reduction from the wheel to the hydraulic
motor. This ratio, along with 270 pounds of ballast allowed the CAT App. to pull a draft
load of 425 pounds, similar to that seen by the Horsch single row unit, with the system
pressure of the wheel device at 400 psi. At 800 psi the device can stall the CAT App. if
sufficient weight is added to maintain traction by the wheel. Figure 26 shows the data
from the CAT App. pulling the wheel device with the 270 pounds of ballast and the
pressure set at 400 psi with the needle valve. The desired speed was set at 0.5 mph

depicted by the light blue line.
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Figure 26: Test data from constant load on CAT App.

The fluctuation in speed from 0.3 to 0.7 mph during the pull is evident from the
data. The speed makes a sine wave as it tries to hit and maintain the set speed. In higher
speed tests this fluctuation is amplified, and the machine runs out of test length before the

speed stabilizes, preventing the collection of consistent data. At higher speeds a lower
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proportional gain does not allow the carriage to ever reach the desired speed within the
length of the track.

After testing in the two experiments it was noted that the potentiometer gain sets
on the solenoid driver may be limiting the PID output. Also, Figure 24 shows that the
PID output is not ramping up quickly to its 5V maximum to get the carriage to the set
speed. This limits the acceleration of the machine. The ramp setting on the solenoid
driver needs to be modified to see if the PID output can be more responsive to the speed.
By the time this discovery was made there wasn’t enough time available for further,
investigation of the PID tuning and the solenoid driver settings. Changes in these settings
should yield a machine that is better controlled for comparative and repeatable tests with

much cleaner data.

38



Chapter 5 - Experiment One

To determine the relationship between planter draft and planting speed, a study
was done at the Kansas State University North Agronomy farm. Tests were completed
with use of the CAT App. These tests included the use of a Horsch planter row unit
(Figure 27). Tests were completed in a no-till field at the North Farm after soybean
harvest in early December 2017 (see Figure 28). Information was collected by the MyRio
microcontroller through the LabVIEW program then imported into Excel for analysis.

Draft of a single planter row unit was compared to the planting speed of that row
unit using data from these tests. The relationship between planter draft and planting speed
indicates if a reduction in power requirements should be investigated to optimize row unit

design for different planting speeds.

Equipment

In order to determine the presence of a relationship between planter draft and planting
speed, tests were done that recorded the draft of the row unit at different speeds. A
Horsch Maestro planter row unit (Figure 27) was used for the testing tool. To control the
active downforce system of the row unit, hydraulic pressure was supplied to the row
unit’s downforce control system by the CAT App. The row unit was equipped with gauge
wheels, opening discs, and closing wheels. The firming wheel was not installed for these
tests. Neither were trash cleaners installed on the row unit. Seed was not planted during
tests, which is independent of the row unit to ground interaction since the Horsch seed

meters are electronically driven and not ground driven.
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Figure 27: Horsch planter row unit with Yetter row cleaner

Planter Settings

For this study the planter row unit was set at a depth of two inches, at the number
“7” pin location. The active downforce was set at 180 pounds on the gauge wheels by the
Horsch control screen. The closing wheels of the Horsch row unit were set in the second
notch back away from the gauge wheels. The firming wheel was removed to allow the
test to deal with those components most common to various planter manufacturer’s row
units: gauge wheels, double disc openers, and closing wheels. The parallel linkages of the
row unit were set to be parallel with the surface of the ground during the experiment.
During the tests no seed was planted, nor was there any vacuum provided to the seed

meters.

Field Conditions
Tests were done in a no-till field at the Kansas State University North Agronomy
farm. Soybeans were harvested from the field the year of the tests. All testing was done in
the area depicted by Figure 28, below the first terrace of the field. The GPS location of
this site is 39°12'46.1"N 96°35'49.5"W
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Figure 28: Google maps picture of the field where testing was completed. Area in

red encompasses the area of the field that was tested

During the tests the soil VMC (volumetric moisture contact) reading measured on

an average of 3 probes near the soil sample collection areas: 21.2% on the East end of the
site, 12.9% in the middle, and 16.4% on the West end of the site. The soil data from the

Kansas State Soil Testing Lab is summarized in Table 2. From these results the area

tested ranges from a Silty Clay to a Silty Clay Loam.
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305327 Bast 8.3
305328 Middle Morth 7.5
305329 West 7.3 8 3 153 15 52 32

.4 34 7 246 12 45 40
28 14 208 18 40 36
Table 2: Soil data from the Kansas State Soil Testing Lab as of December 20, 2017

Procedure

Tests to acquire data of the draft and speed the row unit was being pulled at were
set up as follows: three tests were conducted at every speed with speeds in the range of
0.5 mph to 6.0 mph at 0.5 mph increments. Faster testing speeds were desired, but during
testing, the CAT App. was limited by power and rail length to achieve those speeds for a
long enough duration for the acceleration to transition to a constant speed. The CAT App.
was pulled forward by a tractor after each test, so each test could be done in a new
location in the field that was undisturbed.

During a test the carriage was moved to the “Home” position of the track, where
the encoder was reset to zero. Then the carriage was moved forward to where the closing
wheels of the row unit would just clear the frame of the CAT App. track. Here the linear
actuator was extended to lower the row unit until the parallel arms were level to the
ground. The 24 inch linear actuator was extended until it was 2 inches from the limit of
its travel. This position was denoted as 2 inches above the lowest possible hitch point of
the CAT App. on the LabVIEW front panel where it could be monitored. This was the
hitch height setting for all tests as shown in Figure 29. After the hitch height was set the
engine of the CAT App. was set to full throttle, which was 3400 rpm. The hydraulic
system was then pressurized by screwing down a built-in needle valve that is before the
return to tank. The needle valve was screwed down until the system was at 1500 psi. This
pressure was enough for the hydraulic cylinder, supplying the active downforce to the
row unit, to push the opening discs into the ground far enough to put pressure on the
depth setting pin. After everything was set and ready, the set speed was chosen. Then the
“Forward” button on the front panel was clicked to direct oil flow to move the carriage
forward. The PID then ramped up its output until the set speed was reached by the

carriage. Towards the end of the track the operator then had to click the “Forward” button
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again to shut flow off to the hydraulic motor powering the carriage to allow the carriage
to coast to a stop by the end of the track.

e B s ST e A N

- g ==

Figure 29: Side view of the CAT App. carriage as it is performing a test at 0.5 mph
with the Horsch Row unit

The proportional gain was set at 0.09 for the 0.5 mph tests, 0.25 for tests in the 1.0
to 4.5 mph range, and at 1.0 for the speeds 5.5 mph and above. During the 5.5 mph tests
different proportional gains were tried (0.25, 0.3, and 0.5). During testing it was found
that higher proportional gains allowed for increased acceleration of the carriage, but this
increase was limited by the power of the 31 Hp Briggs & Stratton of the CAT App. The

integral time was held constant at 0.01 throughout the study. The derivative time was set
at the default of zero.
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Chapter 6 - Experiment Two

To better understand what the relationship is between planter draft and planting
speed, and the performance of the CAT App., a second experiment was done at the
Kansas State University North Agronomy farm. Tests were completed with use of the
CAT App. These tests included the use of a Great Plains twin row units (Figure 39). A
National Instruments’ MyRio was used, and the same LabView program was used for
this experiment as was used for experiment one. Tests were completed in the same no-till
field at the North Farm, but a year later after corn harvest in late October 2018 (Figure
28). Information was collected by the MyRio microcontroller through the LabVIEW
program, then imported into Excel for analysis.

Draft of the twin row units was compared to the planting speed of those row units
using data from these tests. The relationship between planter draft and planting speed will
support the previous experiment’s findings as to if a reduction in power requirements
should be investigated to optimize row unit design for different planting speeds, as well

as to help determine the power requirements of the CAT App.

Equipment

In order to determine the relationship between planter draft and planting speed, tests
were done that recorded the draft of the row units at different speeds. A pair of Great
Plains twin row units (Figure 30) were used for the testing tool. The downforce springs
were set at their maximum setting for the duration of the experiment. The row units were
equipped with gauge wheels, opening discs, and closing wheels. No trash cleaners were
installed on either row unit. Seed was not planted during tests, and the drive mechanism
for regulating the seed rate was not installed or functional during the experiment.
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Figure 30: Great Plains twin row units mounted on a 3-pt toolbar

Planter Settings
For this study the planter row units were set at a depth of two inches, with the

selection levers in the third hole forward from the back most holes on both sides of the
slot. The downforce springs were set at their most aggressive setting. The closing wheels
of the Great Plains twin row units were set in the second notch back away from the gauge
wheels. The parallel linkages of the row unit were set to be parallel with the surface of
the ground during the experiment. During the tests no seed was planted, nor was there
any vacuum provided to the seed meters.

Field Conditions
Tests were done in the same no-till field at the Kansas State University North
Agronomy farm as experiment one. Corn was harvested from the field the year of the
tests as seen in Figure 31. All testing was done in the area depicted by Figure 28, below
the first terrace of the field. The GPS location of this site is 39°12'46.1"N 96°35'49.5"W
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Figure 31: CAT App on the test field ready for testing

During the tests the soil VMC (volumetric moisture contact) reading was
neglected to be measured at the time of the tests. The soil data from the Kansas State Soil
Testing Lab is summarized in Table 3. From these results the area tested ranges from a
Silty Clay to a Silty Clay Loam.

North West sl'y day 12
3470 Midde South 6.2 6.5 3.2 7 252 s!ty day 14 52 34
loam
3an North East 7.4 2.9 5 219 sty day 18 43 34
loam

Table 3: Soil data from the Kansas State Soil Testing Lab as of October 29, 2018

Procedure

Tests to acquire data of the draft of the row units and the speed that the row units
were being pulled at were set up as follows: three tests were conducted at every speed
with speeds in the range of 0.5 mph to 3.5 mph at 0.5 mph increments. Faster testing
speeds were desired, but during testing, the CAT App. was limited by power, unable to
reach speeds above 3.5 mph with the twin row units. The CAT App. was pulled forward
after each test with a tractor, so each test could be done in a new location in the field that
was undisturbed.

During a test the carriage was moved to the “Home” position of the track where
the closing wheels of the row unit would just clear the frame of the CAT App. track, as
seen in Figure 32. Here the linear actuator was extended to lower the row unit to the

ground. The 24 inch linear actuator was extended until the opening discs were fully
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pushed into the soil-usually when the actuator was at the limit of its travel. Then the hitch
was raised until the parallel arms were parallel with the surface of the ground. This
position was denoted as 7 inches above the lowest possible hitch point of the CAT App.
on the LabVIEW front panel where it could be monitored. This was the hitch height
setting for all tests. After the hitch height was set, the engine of the CAT App. was set to
full throttle, which was 3400 rpm. After everything was set and ready, the set speed was
chosen. Then the “Forward” button on the front panel was clicked to direct oil flow to
move the carriage forward. The PID then ramped up its output until the set speed was
reached by the carriage. Towards the end of the track the operator then had to click the
“Forward” button again to shut flow off to the hydraulic motor powering the carriage to

allow the carriage to coast to a stop by the end of the track.

I 2. 2 - (T8

Figure 32: Side view of the CAT App. carriage as it is performing a test with the
Great Plains twin row units

The proportional gain was set at 0.1 for all tests since it was found that this setting
gave the best results, and that the machine being underpowered was largely responsible
for the inability to maintain the set speed at higher speeds rather than the PID gains. The
integral time was held constant at 0.01 throughout the study. The derivative time was set

at the default of zero.
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Chapter 7 - Results

Data was recorded every 20 milliseconds throughout the duration of the tests.
After completion of the tests the data was then imported to Excel and analyzed. The raw
data from each test was then copied into a single spreadsheet to put all the data in order of
increasing test speeds. A graph was made of all the speed values. For the x-axis of this
graph a new time column was made that counted up in 20 millisecond intervals for each

row of data, in keeping with the data collection rate of the program

Experiment 1 Results

The speed vs. time graph of the data from Experiment 1 was used to give a visual
picture of when the machine was pulling the tool around the desired speed consistently —
not accelerating or decelerating. From this graph the time periods of erratic behavior were
noted and used to crop out those sections of data that were of no value. The total draft
force was then graphed against the speed to show whether or not a relationship existed,
this graph is shown in Figure 33. It is important to note that the total draft shown from the
data includes the draft of the carriage of the CAT App.
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Figure 33: Total Draft vs. Speed when testing the Horsch row unit

Experiment 2 Results

The speed vs. time graph of the data from Experiment 2 was used to give a visual
picture of when the machine was pulling the tool around the desired speed consistently —
not accelerating or decelerating. From this graph the time periods of erratic behavior were
noted and used to crop out those sections of data that were of no value. The total draft
force was then graphed against the speed to show whether or not a relationship existed,
this graph is shown in Figure 34. It is important to note that the total draft shown from the
data includes the draft of the carriage of the CAT App.

49



Great Plains Twin Row
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Figure 34: Total draft vs. Carriage speed for tests with Great Plains twin row units

Program Results

Looking at these results shows a lot of fluctuation in the draft force at any set
speed during the test. The root cause of these fluctuations is the limited power for the
machine. More power would enable the machine to accelerate faster and meet desired
speeds in less time allowing the PID control to be further tuned to work better. The data
indicate fluctuations in speed versus distance. For example, in Figure 35, the speed
fluctuates greatly on both the 0.5 MPH and the 4.0 MPH test shown.
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Figure 35: Data from experiment 1 testing the Horsch row unit

Rises in draft occur during acceleration of the carriage to reach speed. After
reaching the set speed the carriage decelerates, reducing the draft. These spikes in the
data can be removed to clean the data and give more definitive results, as was done for
the graph in Figure 36. However, this process is tedious, and introduces effects to the data
that are difficult to replicate consistently and exactly for all data in every test. Although
the machine needs to be further tuned to get cleaner data for more definitive results,
looking at the data in Figure 36 shows a positive correlation between draft forces and the
speed at which row units are pulled, thus affirming our hypothesis that there is a
relationship between planter draft and planting speed.

Figure 36 also shows a difference in the draft of the two different kinds of row
units. The higher draft forces from the Great Plains twin row units were expected as there
was two row units instead of the one in the Horsch row unit test. It’s also interesting to
note the slopes of both sets of data are similar. However, the data was taken on different
days and the soil was wetter on the day of the Great Plains test than on the day of the
Horsch tests, though the moisture of the soil wasn’t measured. Therefore, the data cannot
be quantitatively compared, but the data does support that the machine can effectively
acquire draft data of different tools and at different speeds. This ability validates that the

CAT App. design is able to perform according to the design criteria, which was the
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purpose of these tests. These tests have also shown areas for design changes or additions

that can be made to make the machine perform better and more efficiently.

Combined Data
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Figure 36: Combined results from experiment 1 and 2

Machine Results

From these results and from experience operating the machine it is apparent that
the machine needs a larger power source. Having a larger engine that will be able to
provide full flow at max pressure will allow the machine to operate more smoothly and
consistently, eliminating the PID control trying to compensate for an engine operating
outside its designed performance parameters. A larger displacement hydraulic motor
would also give the machine more pulling capacity by allowing the system pressure to
produce more torque. This increase in torque will reduce the speed capabilities of the
machine. A decrease of up to 4 mph would still allow the machine to test in the high
speed planting range at speeds of 8 mph, since the machine can currently theoretically
reach 12 mph when not pulling a tool. Having more torque will aid in providing more
draft pulling capacity to the machine, allowing the machine to test a wider variety of
tools.
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After the machine was running, other uses were thought of for it in addition to
testing tillage and planting tools. The machine has been used for taking seed images as
planted by a row unit it at specific depths and speeds as seen in Figure 37. During the
tests a high speed camera took footage of the corn seed placement and location at varying
speeds. The CAT App. provided a means to run the active downforce of the row unit, a
depth control, and a set speed to do these tests.

Figure 37: Furrow made with Horsch row unit on the CAT App. to take pictures of
the seed in the furrow as planted in real time
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Another test the CAT App. has been used for was an experiment that tested silage
compaction needs. As seen in Figure 38, a bin of silage was placed under the controlled
load device used for testing the PID control of the CAT App. Varied amounts of
downforce were supplied to the silage via the linear actuator. The downforce data was
used to draw conclusion from the different amounts of compaction on the storability of

the silage after it was packed.

Figure 38: Silage compaction testing

As displayed by these tests, a machine that is mobile, has a hitch that can raise
and lower, can travel at a desired speed in range of most farming operations, and can
record draft, speed and downforce data is a very useful piece of equipment that can be
used for a wide variety of experiments. The design of the machine has potential to be
further refined, and then used for testing in multiple experiments when more power and
torque are provided for the carriage. This machine can be used to research draft
relationships in tillage and planting tools to optimize their function and draft

requirements as well as many other uses.
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Chapter 8 - Conclusion

The CAT App. is a test machine that has many uses and can be adapted for testing
with tillage and planting tools, wheel to ground interactions, and silage compaction
testing, just to name a few. Further development of this machine will provide a test bed
for multiple in-field conditions of different tools, as well as different areas of focus. The
CAT App. has proven to be a useful test bed for multiple areas of research within the
Biological and Agricultural Engineering department at Kansas State University. After
testing the machine, it proved to meet the design criteria sufficiently to various degrees.
The CAT App. has the following capabilities:

e Mobility to test in different fields and locations,

e Speed ranges up to 6 mph,

e A variable drive to select any speed within this range,

e Accommodates a large variety of tillage and planting tools,

e Acquires data of: draft, speed, downforce, and position, and

e Ability to set tools at conventional working depths.
Finally, the data collected from tests with the CAT App. can be compiled then graphed to
show useful relationships between tools and different field conditions as shown in the
two experiments. Areas to further improve the design of the machine were discovered
during these tests as well. Further improvements to better meet the criteria are discussed

in the next chapter.
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Chapter 9 - Further Work

During development of the CAT App. several items were discovered that would
improve the usefulness of the machine. These items include: mobility, power, control,
and length of track of the machine. Each of these improvements that can be made to
further the use and ability of the CAT App. are discussed in further detail below.

Mobility

Currently the CAT App. is transported by installing an axle underneath the
carriage when it is bolted down to the track in its transport position, and then angle-iron
pieces are used to go through the track and clamp it in place. This is a lengthy process
and involves working around a suspended load. A forklift or tractor with a front-end
loader is needed to raise the back of the machine off the ground to install and uninstall
the axle. While this allows for the machine to be transported, it is too lengthy of a process
to use the axle in between tests. For consecutive tests the machine is dragged forward
with the hitch raised a bit. The best device found to maneuver the CAT App. in the field
is a tractor with a front-end loader, that is ballasted in the rear (for installing and
uninstalling the axle) with a trailer ball hitch mounted on the 3-pt of the tractor.

In order to reduce the amount of equipment needed to support the CAT App. for
changing between testing and transporting modes, a self-raising axle could be used. The
axles will need to be separate since any axle tube would hit the track and interfere with
the testing area unless it were in the rear-most position of the track, but then it would
make the turning radius too large to be able to maneuver it in urban areas. The proposed

design is to attach an axle assembly to each side of the track, as seen in Figure 39.
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Figure 39: Better mobility concept model

The axle assemblies would be welded to the track with a pivot point and a point
for a cylinder to raise and lower the axle. The hoses from the cylinder on the right axle
assembly can be routed through the square tubing of the track to connect to the hoses on
the left axle assembly. The two hoses from the left axle assembly can then be routed
through the square tubing of the left track to connect to the tractor’s hydraulic valves via
quick couplers. The operator could then raise and lower the machine from the tractor cab
like any other agricultural implement. During transport, cylinder stops could be placed on
the cylinders to prevent them from seeping down if there is a leak in the system. These
stops will also be used when working around or on the machine when it is up in the air.
Use of hydraulically operated axles will allow for increased mobility between test sites

and better maneuverability in the field.

Power

Besides an increase in mobility, more power to operate the carriage is needed.
Initial tests were tried with two Horsch row units; however, one unit had to be removed
since the CAT App. was unable to pull both row units in the ground at depths greater than
1.25 inches. More power would also enable faster acceleration times giving longer
effective test lengths. The current engine was selected to stay within budget of the
machine and to get the machine going. This engine is a 31 Hp Briggs & Stratton V-Twin
carbureted engine. The K-State Quarter Scale Tractor Team has determined this engine to
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have 28 Hp peak output calculated from a prony brake dynamometer. Preliminary
calculations done during the design of the CAT App. showed that this engine could pull
an adequate variety of minor tillage and planting tools that would fit within the tracks of
the machine. These calculations, however, did not include the acceleration, and powering
of the carriage the tool would be pulled by.

More power would allow for a larger displacement hydraulic motor to be selected
to provide more torque to the pinion of the rear axle and thus more pull force. A more
powerful engine would also be able to produce the needed flow by maintaining higher
engine speeds to create that flow at the maximum system pressure to produce the full
amount of torque from the hydraulic motor to give more pull force at the higher speeds
that the tests require. The hydraulic system was designed for a flow of 25 gpm which the
current pump can output at its max rpm of 3500. The majority of the system is rated for a
flowrate of 30 gpm with the exception of the pump, motor, and the direction control
valve, and its corresponding subplate. These three components can be directly replaced
with a different component of a max flowrate of 30 gpm to maximize the systems power
output. These changes will better utilize the CAT App. and allow the machine to include
major tillage operations its scope of testing.

The proposed solution to maximize the power of the current system with as little
money as possible is to get a larger displacement motor and run the machine at the rated
25 gpm using a diesel engine between 50 and 60 Hp which would provide the low end
torque for pulling and not over speed the pump that is rated for 3500 RPM. A gasoline
engine would have to run at higher RPM to provide its best power, and the pump would
need to be replaced with one that could operate at higher speeds. Putting a larger engine
with more torque would maintain the maximum flowrate of the pump, since it would not
lug the engine down to maintain the system pressure of 2500 psi. at the full flowrate of

the pump.

In-Cab or Tablet Control
The controls of the CAT App. are currently mounted on a control panel which is
mounted to the carriage. This requires the operator to walk with the carriage while a test
is being performed. When the machine is able to do tests at speeds above 4 mph this will
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create a safety issue. A braking mechanism could also be installed using the disc brakes
of the axle the carriage is propelled by to stop the carriage from coasting when the
operator shuts the test down.

In order to control the CAT App. more easily and safely, putting the controls
inside the tractor would eliminate the need to enter and exit the tractor cab multiple times.
This improved control could be accomplished by mounting a laptop with LabVIEW
program on a RAM mount in the cab and hard wiring controls to a control box in the cab.
To do this the wires would need to be routed through the cable chain on the left side track
and then through the frame to the cab. Another option would be to simply use wireless
connections and use a tablet in the cab of the tractor to operate the machine. Moving the
controls would allow a lot more tests to be conducted during a day, and would make
running the tests safer and less fatiguing for the operator.

Track Length

In order to test speeds greater than 4 mph, which the machine could do once it has
more power, the track will need to be longer to give enough time for the carriage to
maintain its desired test speed for an adequate test. Two additional 20 foot sections of
track can be made and easily inserted on each side of the track to make the machine
another 20 feet longer. With this addition supports will need to be made to prevent the
track from sagging excessively when the track is off the ground. To make the track joints
stronger, the pipes above the four inch square tubes should be tied together as well. The
jointing method for the individual track lengths will also need to be easy to assemble and
disassemble, as the center track piece on both sides of the track will need to be removed
when the machine is transported in order for turns on the road to be made. Also, without
adequate supports between the tracks, the back of the track will tend to wander from side-

to-side in relation to the hitch because of the length.
Machine Translation

During the conception of the mobile soil bin, it was intended that the current

tracked machine would only be the X-axis of the final machine. The final gantry system
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would include a Y-axis as well. On this axis the current machine would translate
sideways after each test so multiple test strips could be run in a single test.

Several different methods of translating the machine were discussed, including another
track for the machine to follow. This idea, however, proves to counter the efforts for the
machine to be mobile and easily transported to different field conditions and down the
road. A more favorable idea is to install trailer tires at either end of the track (end and
home positions) that could be raised and lowered by the machine’s own hydraulic power

using the auxiliary power outlets. Figure 40 is a conceptual model of this design.

L

Figure 40: Conceptual model for machine translation

The wheels used for translating the machine would also be hydraulically driven.
The four wheel assemblies would include a hydraulic motor; a tire, wheel and hub that
would mount onto the hydraulic motor, and the mounting frame that would pivot on the
end of the track. The End and Home driven wheels could be controlled at different rates
to allow the machine to turn as it translates to follow a specific path. A single hydraulic
cylinder would also be used to rotate the wheel assemblies on either end of the track
(Figure 40). Rotating up during a test to set the machine on the ground or for transporting
on the road, or rotated down to pick up the machine for translating to either side between
tests.

The machine could also run tests while the track is off the ground, and the

translating wheels could be controlled at different rates to simulate turning conditions on
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the tool being tested. This ability opens up more variety of tests and would allow for
more inclusive tests of types of movement that the tool will be subjected to in use in the
field.
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Appendix A - Component

Data Sheets

SMOWO Standard One Channel Load Cell Amplifier RW-ST01A
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Dimension Engineering SyRen 25 Regenerative Motor Driver

SyRen 25 Quick Start Guide

. July 2007
DimensionCngingering
Congratulations on your purchase of a Syren 25 regencrative motor driver. SyRen 25 is one of the maost
flexible and configurable motor drivers on the market. As a resalt it must be set to the correct operating
mode belore use. Below is a gencralized hookup diagram of a Syren 25. On the reverse side is a chart of
same of the most commonly used operating modes,

SyRen 23

These LiF saf s s e umed o avl P SIS
1o cparaling mods o o daer l[lp!]t \'nkag::

IR BV-24V
012 batmma By oo a0 e ba R, ;
ILprsesiee n chrzuli 9aord w2 (AL b onve ) ~ -
] wnn-,\ S o gt £ Braatred e COutput current:
wknngnl.a:\'nwu U* corp i 43 Iha pox i 254
provdiwd by trndriaze lamreinnl =f yeor bl s
Qr2adeg ncre en e oot - T N s s arapat
redteparrnirca of e dr et [ v botary yebimgols SOV, Peak Output
Adietba pemeryonprt et TR N - comete o Lo regatise carrent:
ILreest o lincomacisd = 9 Lenebiad of your bottae s (1 s =
Lakzesrtbieg 5.9.u RKG eon ver Wiy onvaectnd Lo OV ardd EREN
gt o e aalage. 0ov! b wond o e chooul graend
A7 ths sooarckery dgr |(gar. M e zonaans o (ho ather e E
oy gelsumedincersin of wear DC bruabasd ol U?‘"’«“»"R
S macex. modes:

Aralog, RAC,
Don't got B4 and B- connecind sxckwards Serial
Nk wure You have the DIF switches cantiguret oorvec iy for thy wede yoo ans uaing!

For full product docutentation and manual, please visit
http:.-";‘www.dimensioncnglneen'ng.com:'Sych’lS.hl.m
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LC-202 8 Channel Relay Module

8 Channel Relay Moduje - LC-202
Preduct Datails
n: Relay Beards

Getllors o

on Supplers Site E4nas Sopplier

S gu ]

oduct Overview

The L.C-207 153 2r B channal relay Interdana Ho2rd Tor controking vun aciualors.
Combine twith one of cur Arduing aucroontrolless far ¢wen more control
aptions.

£ Enlrgs + VORageE - 5Y
) - High Current Relzy - AC2300 104 DT30V 104
+ LEDs lor relay culpul statis

Sharz Y13 Emal
Prnt This Page

H Save Prozudt

Specifications

Product Category Relzy Soarcs
Signal Type AC.DC
Channgls 3
Input Speciications

inputVoltzge 5 woils
Output Speciticauons

Qurtawt Current 10 amps

Sutput Voltaze

3010 Z50 volts
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Resettable Tach/Hour Meter
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RB-Phi-204 500Kg S-type Load Cell

RB-Phi-204

SRS ITINRT

-

L,

A oad ol is & foree sensing module - a carclully designed melal siructure, with small elements called
strair gauges mounted in precise locations on the structure. Load cells are designed to measure a
specific tyvpe of force, and ignare other forces being applied. This S-Type load cell can he operatec in
compression or lensicn with up o 500 Kilograms of force. The electrical signal oulput by the Joad cell
is very small and requires specialized amplification. Fortunately, the 1046 PhidgetBridge will perform

all the amplification and measurcement of the clectrical ourput.

Connection

The 3140 conneels 0 a bridge on the 4-Inpul

.iﬁ‘

The following table shows how to connect the Load Cell Wires wo the bridge connectors.

Wire Color

Redd

Groen

White

Black/vellove

Bridge Connector

av

+

GHND
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o
R ‘G 5

Features

Maximum Load Capacity; 500 kg
Wheatstone Bridge Sensor

Measures compressive or fensile force
Plugs infe the 4-Input

Specifications

Sensor Properties

Sensor Type Cempression/Tension Luad Cell
Welght Capacity Max 500 k.g' N
Maxirmum Qverioad 750 kg

Flectrieal Properties

Output Impedence \_ 350 Q
Supp ¢ Valtage Min 2V DC
Supply Voltage Max 12vec

Physical Propertics

Compensaled Temperature Min i-10 °C
Campensaled Ternperture Max 140 °C il
Cperabing lemperature Min -2 °C

Operating Temperature Max 55 oC

/Cable Length 3m

Cable Gauge Sx 22 AWG
Material Alloy Steel

_IP Raling . S .
|Weight 503 g
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Cross 1.80 cu in Hydraulic Gear Motor model 40MH18DACSC

1.80 cu in CROSS HYD MR awLEE
e MOTOR 40MH18DACSC ¢
H ITEI NUMBER: 9-7073-130

PRICE: $227.95 YUU MAY ALSD CUNSIDER:
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o i N iy
% '\- /] Cé:o o
oTy: -
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Thixbanie zr page T 3 cor cumens cea g
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Aumnrun sory croond haas drepavion Frescus bedeaias Toflen ingreonaisd ddrass basre g -t N chaek vakwer.
CANnCs nood for ease draie o 20N 500 prosaur s uwdcr 250 PS5

¢ b

SPIEIEXIATIN:

e cx 3P% = B
18 ds WX T -
® Wue Mossu e R E1 -~y P
& Woe s [ e ; \

» 1G55PU o “BIIRPU

o 0 =F o IBIO RPN, 2500 PEL
& A -l loegae 2 TN ESI
* Rewers bio Roklion

& BASAZ ek et

B el A0 Ryo ot
- EAE1Z e

» 14 AFT Cranpat

® 5T MMtz AT
+ShegBie

72



Northman Fluid Power Single-Station Subplate

NORTHERN®

TOOL + EQUIPMENT

Northman Fluid Power
Single-Station Subplate —
NFPA D05 Pattern, 3/4in. NPT

Side Ports, Model#
M03-06-S-2

llem# 203351 e e g
Only 559%

In Stock Online
= Not Available in Stores

' S & & GERYI

1 of 1 would mcommans this product to a fiena

Product Summary

I'his Narthman Fluid Power single-station subplate for mounting an industdal hydraulic directional control
valve corforms to the Naticnal Fluid Power Association {(NFFPA} DJS mounting pattern. It accepls Northem
Taol valves in the 20150 and 20250 Series. The 3/Min. NPT female ports ara side rmourted for the Pressure,
Tank, A and B ports.

What's included
{1) Single-staticn subplate

Features + Benefits

= Single Staton Subplate = Side Port Location
~» NFFA DOS Mounting Pallern ¢ Port Connections for Pressure, Tank, A and 3
| % 3#in. NPT Femle Pors | Ports .
Key Specs
Item# 203361 Accessory Type Subplate

Ship Weight 10.0 Ibs
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Prince 1.654 cu in Hydraulic Pump Rear Port Model SP20B27D9H2R

1.654 cu in PRINCE

bty LYY SP20B27D9H2R HYD PUMP
R SRR REAR PORT
: ::21: 1‘9 ITEM NUMBER: 9-1901-B-R
7 R PRIGE: $209.95
ool 110 Stock
REGULAR
ary: *

X ADD 70 CART

CALCULATE SHIPPING

Tk ers & o0 s 7 ol ok caniwed cadsg

DESCRIPTION ASK A QUESTION

FRMCE GEAR PUN 2

Erwad e, Prcw, sovcu - u-asniad sl e g gt ol crery Unenn G0 Al 1o d parnys, Ko oo body, Koe
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Prince Inline Relief VValve Model RV-2H

a4
Az AMLTRDD

3/4" NPT 30 GPM 1500-3000
PS| RELIEF VALVE RV-2H

FTEM KUMBER; 9-6°25-75-H
PRICE: $43.65

78 In Stack
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ayy: !
W ADD TO CART
%7 ADD TO WISHLIST
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Nook DC Ball Screw Linear Actuator Model ND8-24-10-B

@)Nnook

ND8-24-10-B

Call 800-221-7800 or wisit us anfn2 at wanw nookindustries com to ceafigure

and arder vour NDE-24-°0-F taday!

Product Info
Surww Typs
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Veltane [VIXE)
Cear Ratio
Spesd AL Ne Load [rirmis]
Spend At Full Loas [mmds]
|.zad Cazazity Tynaric Load [N]
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Northman Junction Box

Reliability & Satisfaction.

Northman

Wiring Diagram e
Junction Box Style |
(Type -10)

SGLy Lamp Connector

\ Clip i

SCLb

SOLS Terminal —

‘ SCL.o Ternirol “ Ground Terminal

Neote: Removing the Cannector Clip will re-contigure the box for twe separate terminals.

Northman {Asia) e Lid Fhone: - 63 6866 1409
ROSA4 138 Pandan Loop Fax: 65 6872 0957
Singapare 12584 www.northman.com.sg
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Northman Fluid Power Solenoid-Operated Directional Valve Model SWH-G03-C3-D12-
10

o
SGLENOID OPERATED DIRECTIONAL VALVE <3
SWH-G03 SERIES
Fg | ; L g
264 SPM 3@@"1‘3‘?
_ SO e
‘] <.
\.)\j - LIE&"_‘) ?5 C?M Cenlcr ..T»a)
AL 120 DL Sokasids
;‘a .
FEATURES SWH- 63 ~L3-DR-10

 Indicating lights and bolt kits are standard.
« Coil screws are especially designed to prevent shocks.
 Electrical connactions are joint box type or Hirschman DIN Lype plug-in connector.
* Joint box is waterproofl and dust-resistance,
= Space for electrical connections is large enough for connection layout,
= Electrical connection paints are aligned with the axial direction ta be compatible with modular system.
= The valve mounting screws are on the cutside of the body for ase of installation and repair.
« High pressure up to 318 BAR (4500 PSI), allows for large llow rates up to 120 LPM (32 GPM).  +
= |deal design of flow passages to minimize pressure drop.
= High back pressure up to 160 BAR (2350 PSI)
« Manufactured with specifications that allows for parts and accessories interchangeability.

Model Code

| SWH-GO03-C2-A120-10-LS
P D R m B ®

O sovies . I—"._] Coil Voltage
SWH: High Prcaae, High Flow A24: ACSIV 60Hs

Lo L Wiring Type
07 funcricne Boxwith

Solenoid Direcional Conmol  ATT0: AC 110V, 60HZ AC 1GH S0IL: Indkcator Light
Valves A120: AC 1209, 60HZ ACTION, 50Hz 20: DINA2G50C onprector
AZ20: AU 2200, 607 AC 2000, 20H: with Indbcater Liahe
[27] Mounting Style A280: £C 240Y, 60HZ: AC 20V, S0z 312 Lead Wik (DC Oniyd

G:oulgime Nowped

R110: AC 110V, 5080Hz

41: Gl Spade (0C Gnlyd

R120: AC |1 20V, 5000z SAE I858R)
 [2] Mounting Size R270: AC220V, 30/50H: "
03 Intesibyie 92 R240: AC240Y, SoGollz F- Option

MFPA D04 Size 7 150 440705
FOEIGE 578G 10

m Snoo! Type

Hse Spoct Lot

¢

Oy
: DC2WN

Mo Coade: Standard
LS: Low Sra= Voltage

s-zmv.ﬁorthmarifp.com
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SOLENOID OPERATED DIRECTIONAL VALVE
SWH-GO3 SERIES
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SOLENOID OPERATED DIRECTIONAL VALVE

SWH-GO03 SERIES
SPECIFICATIONS e
NaKirmam operaling pressure 220 BAR (4500 75 ) |
Maximum T o capacity 120 LPM {22 GPIS} |
Vaximum tank line back pressurs © |Ib0 BAR (2350 251 ;
aximum frcqucncic; of operation 240 CPMV
qzcammarndad fitrafion 75 TAICRON
Hydraulic fluids Nineral Oil, vizzosity 10 - 300 st
Termperalute tenge F2E7 Cto +90° C[-13" F to #1947 F)
SOLENOID RATINGS
| WOLTAGE (V) CURRENT & POWER
ELECTRIC ColL SOURCE RANGE TH-RUSH HM3LDING ;
i RATED: (£20%) CURRENTIA) | cugsenyia) | WATIAGE
50 ACI00V 90-110 4.79 0.86
AZ1D P ACO0Y 90-110 " 3.1 0.e2
ACT10Y 29-127 420 274
e 50 ACLIOY on.12: 2.25 0.78
g 60 §  Aciaov 102-132 3.99 0.70
50 | acoov 180-720 2.31 . 0.2
2 200 320 y 17
AC AZ20 0 AC200Y 180-220 187 0.17 i
AC220v 198-252 2.05 0.356
AZ4C 50 AC220V 108-242 2.04 037
a & ACZ40Y 216-76& 188 | 032
K120 50 AL100Y 90-110 0.47 .47 4
B G0 ArC1ioy 98-121 047 0.4y
_— 50 AC200V LRO-270 0.24 .24
60 AL220V 198-282 0.724 024
. Tmzt oy | 10.8-13.2 2.58 2.58 5
i 024 DC 28V 216264 1.33 133 ;
A
TECHNICAL DATA
* Solenoid can be used within - 10% to + 10% of the rated voltage of the coil.
= Withstand voltage 1500 v/sec.
¢ |nsulation resistance aver 100MQ,
WIARTE b FALLLY TITFIIETRLIG o 2ag A CTETIIRI

ACCESSORIES

* Mounting bolt kits are supplied with valve socket head cap screws M6x251 4 pes
{1/4"-20UNCx1-3/8" 4 pes) for tightening torque 120-150 kgf cm {104-130 Ihs-in).
= O-Ring AS568-014 5 pes.
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SOLENOID OPERATED DIRECTIONAL VALVE
SWH-G@3

-,

Northman
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The pressure drop [AP') can be obtained from the formula
AP'=AP [G'/0.85) for other specific gravity (G').

PRESSURE DROPS AND PERFORMANCE CURVES TEST CIRCUIT
TEST SYSTEMS | L B8 =
1 Testing Valve 9"”1 LX:‘\:
2 Pump B E
3. Pressure Sensor ‘“"‘ISZ o ?—
4. Flow Sensor v S [ 1
5. Relief valve - 1 S Y
6. Throttle Valve =5 Y ,rL\
=
2 ):km R
TEST CONDITIONS [ A 7& ]
Pracsure: 69 BAR (1000PSI} :
Flow Rate: 140 LPM(37 GPM)
Viscosity: 35 ¢St {17555U}
&
el
PERFORMAN \U
EREOR CECMRVES MODEL PRESSURE CROP CURVE NUMBER
S 2 F—A| =T [P—R[A—T|P—T
8775 02 f & & | & E
® | WEm | v / ? | 7 | s
20120 / @& a4 [ 7 [ 7 X
/ & T T I
§ 226 438 V. / o] 5 2 2 5 8
2% / A & |l 2| 2 [ B 0%
2 // cen | 1 1 T
R /’7 // § ¢ |71 6 [ 726 | -]
3 3 / // e |6l 6 |67
1t s = y*/’ — @ &) 7 G 6B -
é e Wy | B2 2 2 s | 6
al o . B3 2 3 5 & -
c 20 ) [c 1) e 12:0 Loy ; B20 | 5 : 5 - =
o 53 108 12 21 2895 G2 oW n2s & o 2 2
FLOW RATE LM ;23:}’ > f’ i 3
CONTRAST CHART BETWEEN FACTORS AND VISCOSITIES
iseraiie—St | 15 ].-20 30 40 | 50 [ 60 su |80 | wu 100
TR S5U 77 9% 181 | 1B6 | 232 | 278 324 [371 417 484
FACTOR |G 08 087 096 | 103 169 [1.14 2.2911.23]11.27] 130




SOLENOID OPERATED DIRECTIONAL VALVE

SWH-GO3 SERIES
THE WAL FLOW RATE LPMIGPM]) UNDER DIFFERENT PRESSURE BAR (PSI) SWH GO3 AC TYPE
SPOOLTYPE
e S0 BAR (735] 100 BAR 150 BAR 207 BAR -I 250 BAR 310 8AR |50 BAR [?35 -100 BAR
£a1) (1470 PSI] | {2200 PS1) | {3000 PSI) L‘sﬁ'}.‘; Pﬁu_ _{45(10 PSI) PEI 11470 PEI)
Y
e 100(26.2] | 100(26.0) | 100(26.4) | 100(26.91 | 200¢26.4) | 100{25.9) | 100i76.¢) ; = ;’;;;
[T 100[26.¢) | 100[26.6) | 100(26.4) | 100(26.4] | 20026.4) | 100{25.4) | 100i26.¢) | 109(26.4)
& ]
ca 100(26.4) | 100[26.4) | 100[26.4) | 100(75.9) | 100¢75.4) | 100(25.9) | 1c0(26.2) izﬁf ;
) P 109[26.4)
CAD 100(26.4] | 100{26.¢) | 100(26.4) | 100(26.4] | 100i26.4) | 100(25.8} | 100{26.4) F— o s
! W13ay
88(23.2) | s8(23.2) | 88{232: | 88i23.2) | 83(232 5 i :
s2021.7) | 82021.7) | sz221.7) [ 82i22.7) | #2i21.7) 1C0(26.4) | '100(26.4)
= 84(22.2) | ®4(22.7) | Baiz2.20 | se22.2) | aa[z2.2) i 100126.4) | 100/26.4)
75(12.8) | 75(10.8) | 7ei1sa! | 75019.8) | 75(19.8] 95i25.1) | 95(25.1)
[= 100(26.2] | 100126.4) | 1004264 | 100(26.41 | 100{26.4) | 100(z5.4) | 30166} [ b3{15.61
3 106{76.4) | 4&{12.3) | 30{7.5} 19(5.0] 1601261
= 100{26.4) | 200264) oo ) | 284y | 2uis.st | ta(az) | lol2e4) Mosna)
€9 100{256.4) | 200(26.4) | £00{26.4) | 100(26.2) | 10n(25.4) | 100i25.4) | 570151} | s57{15.1)
a0(22.8) | <oi23.8! | coi2asl | ooi23a) | ge23s8) | aoi23.8) o e g
— 20500 | 72010.0) | 72110.0 | 721150} | 72019.01 | 72(a0) | Coi5El | 6301%E)
£9(23.5)  &9i22.5) 89235, | 89{233) | 8%(235] | 85{235 / R
Be 81(21.4} #2(21.4) #1(21.8) 81421.4) a1(21.4] 51!21.4] 100[20'4] 1001‘0'4)
820 - - - - 2 4 81{21.4) | 23(7.7)
D2 100126.4] | 100126.4) | 100(26.4) | 100(76.8] | 100{25.4) | 100(25.4) | bui1s.el | 40i10.a)
D3 100[26.] | 100176.4) | 100(z6.4) | 100(26.a1 | 200{26.4) | 100{26.4) | 70{18.5) | eCi15.9)
NOTE: 1,7hz fgeres in the squzie shows the pararmeser amang voltage & {low under salarated 12 mperature
and 903 applied vo'tage,
2.1'ha ugger nurber in tzb'2 describas the maximam flow prdor 10004
ITha ‘ower number Intzbe descr bas the maxirran flow vnder saturatzd remperature and 90X applivs woltzge.
o
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SOLENOID OPERATED DIRECTIONAL VALVE

SWH-GO3 SERIES
| THE MAXIMUM FLOW RATE LPAMIGEN| UNDE & DIFFERTNT PRESSURE RAR (251) SWH GO3 AT TYFE
SPOOLTYPE
NOSMAL

posmION | 150BAR | 707 BAR | 2308aR | 31¢peR | s0maR | 10pBaR | 150BaR | 707 RaR | 250RaR [ 310 34K

(2200 BSI} | (3000 PSI) | 13675 251) | (4500 PSI_] 17325 =51 | {1470 PSI) {2200 PSI) | (3000 =50 [ 13675 PEN | (4500 #5013

= an105) | 28(7.4) | 2s05.8) | 200530 |100{26.4)] 541431 | coinbe) | 28(7.a) | 25l6.6) | 20(5.2)
27(7.1) 17(4.5) 1313.4) 10i2.6) . 38{10.01 27721} 17]4.5} 13(3.4) 10{2.6)

we, | 100026.4) | 100126.41 | 100)26.41 | 100(26.9) [100i26.4)] 200126.4) | 100i26.43 | 200(26.4) | 200(25.4) | 20¢)26.9)
= 3007.9) | 2306.0) | 1838 | 1a(37) |100(26.4]| 5432.3) | 30i7.8) | 23)6.01 | 18(28) | 1M3.71
270701 | 16182 | 1uzo) | 821l | a2121.3) | 2ri7.) | 1642} | iz | 821
o 33(87) | 28I7.4) | 225.8) | 18(4.8) |100(26.4]| 100{26.4) | 33(8.7) | 28i7.41 | 22(58) | 18
23(6.1) 2115.5) | 15(4) 12(3.2) | 75{18.8) 72316.1) 215.5] 1514) 12(3.2} i
cs 100{26.41 | 200126.4) | 100(264) | - | 100i26.4)| 100{26.4] | 100(2€.4} | 100{26.4) | 100i26.8) | 100(26.4}
= 100(26.4] | 100/26.4) 100(26.4)| _ |100126.4)] 100{26.4) | 100126.4) | 100(26.4} 100(26.4) i
35251} | S5i25.0% . 95(25.) |~ [©5(25.03 | 95{25.1) | 35(25.1) | 95125.1) | 35:25.1) ) i
c7 B3(15.5) | 63(16.6) | 63126.6) | &316.6} | 53(16.6) | ©3116.8) | 53016.6) | m3f26.5) | 63(16.6) | A3126.5) :}:
o 708 | 341500 | 2874 | 20i53) |\ oo Tott6 s | 3287 | 2700 | 2062 1 16ie2) |
32(85) | zR74L | 220551 | 1504) stz [ 277.0)_| 2as5) | 154 | oa | 0
NN N . e | s301a) | ariizal | asizie) | anics) | 3ajan) .
g S5} | SAISA) | SHISL) | 5705-1) |100264) Zon06) | 3o | sap.0) | 201771 | 25(6.6) | [
] 78(20.6) | 450119 | 43(11.4) | 38(10.0) | 32(85 |
2 6} ; . 6) |z0028.4) , 8.5 | =
B S3(166) | 63(16.6) | 63(166) | E31166) |2000264) 70 T OO T T e [ o] |
- ~ = : ;
g3 100{26.4) | 100(26.9) | 200(26.2) | 100254 | 20026.4) 20204 | IS(351) | BHILY | IS(ISE) | 65(17.20 |

89(23.5] | 84122.2) | 77{20.3] | 70118.5) | 52(18.4] |

N "
- 2 80201} | 32085 | 2506.6) | 2¢i5.3) | 1313.7F | |
2 9(5.0} (3.2 (2.8 1.8 4] : . 1
fan 18500 [ 1203.2) | 9(2€) | 7B (100025400 T giv.a | 220581 | 17851 | 120520
D2 ac10.6] | 40010.5) | 307.3) | 28(7.4) |60{15.8) | 40i1c.6) | 40i10.6) [ 40i10.6] | 3cir.a) | 28(ra;
D3 60[15.9) | 50(15.9) | a2(11.1) | 3s{s.5) | 7o[38.5) | &0(15.9) | 60{15.9) [ &0015.8] [ 47(11.1) | 36(3.5;
-
Wy
l‘
3]
(M
MY
-
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" SOLENOID OPERATED DIRECTIONAL VALVE
SWH-GO3 SERIES

THE MAXIMUM FLOW RATE LPM(GPM) UNDER DIFFERENT PRESSURE BAR {PSI) SyvH G02 DT IVPE ¢

SPOOL
TYPE
womaar | SOBAR (735 |100 BAR (1470[150 BAR (2200]207 BAR {3000(250 34R |3675(310 BAR (4500  SOBAS 100 BAR
SOSTION esl) Ps1) psl) Psi) sl Psl) 1735 PSI) | (1a70Rs)
(o] 120[31.7) 120(31.7) 120(31.7) 120{32.7) 120{31.7) 120(31.7) 120[31.7) A ]
: X 3 X 32, £ 0131, Sk
Sl | oz | 120317 | zoia) | ozetand | azepsnd | azoiz | szeisnay | 1200317
] 120{31.7
ca 120{32.7) 120(31.7} 120(31.7) 120(31.7) 120{3L.7) 120(31.7) 120031,7} 2h3r7)
100{25.4)
¢ 120(31.7) 97125.5) 73(20.6) 50{15.9) 120{31.7)
ca0 120327 | 1200317} eiai 120{31.7}
100(26.4) 75{20.8) 54114.3) 11{10.8) 115304
s 00025.4) | 1wo(ze.e) | woe.e) | 1000264 | o0026.4) | wopes | 1onizea) | 200054
: 6 100025.4) | 100[26.¢) | z0026.4) | 100(26.4) | 1002¢.4) | zoci26.4) | 10wize.a) | 2onizs.al
c7 1200317 | 220(31.7) | 120317 | 12031.7) | 120317 | 20317 65]17.2) 65(27.2)
y . 120431.7) a2t 6} 78{20.6) £5(17.4}
cs 1200317} | 120{31.7) , : 1200317 | 1zoi17
, 100{26.4) 85(22.5] 54{14.3) 41(10.8} 3

A
(Y

120(31.7) 120(22.7) 120(3L.7) 120(31.7) 120131.7) 120421.7) B5(17.2} 65{17.7)

Y] B2 95(25.1) 8525.1] 33{25.1] 95(23.1) a5(25,1) SE(25.10) £9(18.2} 69(18.2)
B3 £9(23.5) B9(73.5] R9{73.5] A3(23.5) 89(23.5) 35(23.5) 120131.7p% [ 120(31.7)
820 - - - - - - £5(77.5) 35(9.2)
! o2 120[31.7) 120(31.7) 120{31.7} 120432.7) 120031.7) 120(31.7) ©0(15.9) A001C.6]
D3 [ 120(31.%) 120{31.7) 120{3L.7} 120431.7) 120{31.7) 120(35.7) 70(12.5] 50(15.9}
[
“
_l
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THE MAXIMUM FLOW RATE LPM(GPM) UNDER DIFFERENT PRESSURE BAR {PSI] SWH GG3 BC TYZE

*

SO
B3 —
woSaasy | 350 bar 207 bar 250 bar 310 bar S0bar 100 bar 150 bar 207 bar 250 bar 310 bar
12200 psi) | (3000 psi} | {3673 psi) | (€300 psi) | (733 psi] | (1470 psi) | (2200 2sil | (300C psil | {3675 zsi) | (asvC psi)
- 73(19.3) | 63(16.6) | 54(14.3} | 37(9.8) S 1200317 73129.3) | é3i16.6) | 33(14.3) | 37{0.9)
55(145) | 48{2127) | 38{10.0) | 23(7.7) Tt L00i264)  S55124.5) | a8(12.7) | 38100) | 29(7.7)
| W | 120(31.7) | 1200317 | 12013171 | 120317} [ 12003171 12003178 | 1200317) | 2200217) | 2203Ly) | 10pn)
o 90(23.8) | 73[19.3) | 60[15.8] | 47{12.4) 120(31.7) 120{31.7; 9C{23.8) | 72(19.3) | 60|25.2) | 47(12.4)
Y 78(206) | 64/169) | 51(135) | 39{10.3) Ul 100(26.4) | 78[20.5) | 64(16.9) | 51433y | 39020.3) |
o 75(19.8) | 54[14.3) | 420111} | 37(9.8) 1?0(317" 1200317, | 75119.3) | 54114.3) | a2j=11) | 3#{sy)
50(13.2) | 39[1n.3) 3790 21(5.5) ’ i 115(10.4;  60[13.7) | 3%(103) 30(7.9) 21(5.5)
cs 10¢{25.4) | 100{256.4) | 106{26.4) - 100{26.4) | 100(26.8) | 100(26.4)  100(76.4) | 100(26 £) -
a3 100{25.4) | 100{2&.4) | 100{26.4) - 100{26.€) | 100{26.2) | 100(26.4] | 100{26.4) | 100{26.4) - l;_
€7 | 65(17.2) | 6si17.2) | 65(17.2) | 65{17.2) | 65{17.2) | 65{17.2) | B5{17.2) | 65[27.2) | GS{1T.2} | G51i7.2) Ij;
- 68[18.0) | 51]13.5) | 370.3} 27(7.1) 12031.7) 85{22.5) | s0(13.2) | 36(8.5) 75(6.5) 190500 |
52(13.7) | 39/10.3) | 28(7.4] 12[1.8} | oes{1z2y | ao(ioe) | 28(s.2) 15{4) 12(3.2) )
[ 1 ; . 1C0126.4) | ©4({2a.8) | 85(228) | #6(201)  ¥0{18.5) M
ca 63{17.2) | 65017.2) | 653(17.2) | 65(17.2] |120{31.7) |- Py - ()
£5{22.5) | 20(21.1) | 74{19.8) | s2{(14.3) 49{13.8} '
77(20.3) | 63{15.8) | L#(15.1)  a5{1L8
nz 65{18.2) | 69118.2} | 65{18.2) | 6%(18.2) |12021.7)| 120{31.7) s, ( ! fas (18] ft
€5(17.4) | 55{14.5) | 44(118) | 28{10.0) ‘k!
o . R o) : k
200026.4) | 95(25.1) | &z2{21.7) | sx(1u.8) | es(17. -
B2 120(31.7) | 12¢{31.7) | 120(31.7} | 1200217} | 100(25.4} 0264 ' ' ) (238) lostlzal | |
\ 35(23.5) | 84(22.2) | 77(203} | 70{18.5) | &2(16.4)
22003170 | 95(25.1) | 7A(196) | ei(16.1) | a3fi1e
p20 | 281740 | 2os.0 15{4) wize) | 1z et Bl ( ke L. Jaatiing
I e arvevaie 55{25.1) | 84[22.7) | 63(16.6) | 50(23.2) [ 3eje.c) A
02 40(10.6) | 40i10.5) | 30,7.9) 28(7.4) | ec{z5.9) | <ol1n.5) | 4o{10.6) | 40(10.6) | 30(7.9) 28(2.4) :;;
D3 £0015.9) | 60125.9) | 42(11.1) | 25(0.5) | reizs.8) | ecfis.e) | so{15.9) | 60(15.8) | 221111y | 36(8.5) |§gi
[
W
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Fer

SOLENOID OPERATED DIRECTIONAL VALVE
SWH-GO3 SERIES

TEST SYSTEMS

Testing Valve

. Pump
Pressure Sensor
Flow Sensor

. Rehief Valve

. Throttle Valve

N

o n

TEST CONDITIONS

Pressure: 138 BAR (2000PS1}
Flow Rate: 30 LPIM{B GPM)
Viscosity: 35 ¢St{175 SSU)

PIODEL CHANGE OVER TRAT (560)
§1 Tz

SWH-GO3-AC SERIES .02 0.02

SWH-GO3-DCSERIES [0.07 007

OPTION LS \,\)/}*

ELECTRICAL SURGE CONTROL MODEL SWH - GO3 -
R Dn‘-us_LS

FEATURES

= Suppresses the surge voltage.

= Eliminates sparks between relay contacts.
= bxtends the life of the relay contact.

EFFECTS

= Improves the reliability of the control relay.

¢ Extends the life of conventional relays.

* Can be operated with a miniature relay.

= The RAC rectifier built in DC model eliminates
sparks &t the control relay contact. It can be
directly operated with a PLC {programmable logic
controller).

[

TEST CIRCUIT
[ = ¥,
AT [Xke
— ' =
L G 3
]
= ;
= 3
I¢ /N +
24 Y \IJ_ ) -”\:l .\; 4
: OFF p——m o OFF
SOENDID ~=esees S
SPOOL SHIFT -———\ "'L i

—

|

S
PRISSURE

# A%er ~Zld4uY LERT

Electrical surge control DC solenoid

10n  Rider
5 7] i !
L 4.8 8
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P 4
SOLENOID OPERATED DIRECTIONAL VALVE
SWH-GO3 SERIES

Dimensions FAOUNTING SURFACE: 1ISO 44071-AB-03-3-4
UNIT: mm( inch)
SWH'G’S'A“-““’].O"**

with RF solenoids
AC/DC o TODEL WEIGHT
(213) —~Asriaan D, T . KES (LBS)
e =1 “[5.43) SMOT I
Rl N SWH GO T AT | 31502
- EWH-GO3-B5% A% [ 34(7.98)
45{1.51)
= |
VAN, ATTUATOR i
5.20C.2:7) DU ; 1)
L3206.2% ZLLCTACAL CONMUT SORSESTIAN ‘
- LT - G2 THD (B0THENDS: r !
| i
| 4 — " S
< ]
\ %) L
12
’@ ‘ i
e st &
e BTN i
s “I
2 Y6578 measiiog) | RAEREESY (i
L 183(7.2e) - 70(2.28)_ A
e LR A
4= /{C.25) Ra. 1RRY ¢ WEIGHT KGS
T1(6.243) TiA. SPOTFACE MODEL 1ms
SWH-GOZ-Co 40 ** 55121 -}
owHGoaCe e eee| oo o
SWH-GO3-B**-D ** | 149 Q
42,68 |
SWH G03-B** R **> I
Kl
VAUAL ACTJATOR ol
550217 s, / * "1
R ELECTAICAL CONDUIT CORNECTICN ' '
G IR EEC S S G 1/2 THOL(ROTH ENDS) y / \
e I e R ——" s i
FEX.28{s02) . | ,,-_:J
el g i = - g
g j- J \—J %
L’; 1 - l -
t&,, j L ] 2 ' ¥
. s N > 0L E :
(aLas IL t 3 SR : 1 |
L 96{3.78) | 28.5{1.9¢) 350138
‘ ‘- 203(8.13) . #eizre; )
- £ Ly . T2
- 282(11.38) e
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SOLENOID OPERATED DIRECTIONAL VALVE
SWH-GO3 SERIES

Dimensions

MOUNTING SURFACE: ISO 44301-AB-D3-4-A
UNIT: mm( inch)

Dimensions

SWH G03 EE R **-‘* 20 **
with DC,RF solenoids

MOUNTING SURFACE: 1ISO 4401-A8-03-4-A
UNIT: mmi inch)

M ms *Q' www _20_‘.
with AC solenoids
A PCSMIGHE OF CABLE
& MK} Dle. THAU : g’"-‘;. COMNEGTIONS ARE AVALABLE NODEL WEIGHT :
MO.53) D8 SPOTIACE |\ = IN 90% INCAEMENTS, KGS (1L88)
H TR o ] 1
@J @J ; = SWH-G03 C** A2 [4,149.02)
: &a _.; B : SWH-G03 B *-A">~ [3.417.43)
L e THREE POSITYHS OF CAULE
C EDENCTIONS AW AVAILAIML
| Y LGOSENRG WOZERNUT
L AS SN '
{ VAL antueTTd
et L S.80.212) DA
al L._l-l( )l
b1 ] = 4
—-’ } I | 1 “ ::( —~ e E
‘ - 4 1= L 7" @) )
) c LN ]
5
[_'% Fat] sy N 4 4 !
[ 23 WS 26.3(1.92 A8-.a3) L ropag |
va 12y
- HEr 25(1.14) - Lot Uit - CAHLE CONNECTION (2N 42351
c 294{*1.57} CABLE APPLCASLE
h 2 - CUTSICE DIN, 10 334)
CORMATION AHEA - NOT EXCEEDING
1.3mn 008 n)
28353008 L1260 94 0 i T4ITL S TIEIM

A4 POSITONG OF CABLE
SONNCCTIONS ATE AVAILABLE
A SCT INCHENONTS

4-7{C.28) N, THM —~
11{D.43) A, SPOTTACE 1
-

e
X% !3.' -

22(1.31)

RN .o

_woon_ | et
SWHEDICT D™ |
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Brand Hydraulics Co. Electronically Adjustable Proportional Pressure Compensated

Flow Control “EFC” Model PEFC12-30-12

R "\!

FLOWI(CF)

EFSWTHE RELIFF
INLET 11K}
r
CONTROL ——
=Law Ry |

QMRING PORTS to eliminate leakage,

STANDARD 3

o OPTIONAL HIGH LIFT RELILEF.

SPECIFICATIONS:
See flow chart for capacity,
3000 psi (207 bar) rating.
Weighs 8-1.2 bs. (3.9 ke).

10-Micron Filtration Recommended.
Pulse I¥ rguenr) (90 10 115 hz).
Coil -

-12 ¥DC standard | (24 VDC)

-9.6 uhms (48 ohims).

-15 watts (15 walts).

| -1.0 amp max (0.5 amp max.).
R, Ay

12-13

< 4
o AL IS =,
s I et R e e e e T
O ACATRT,
T
' S e
/ S e T
| e INLE™ () —
|
f R e T
CONTROL ——— EXCESS 5\

DIAMOND HONED SPOOL BORLE provides consisteant spoel it with low leakage,

EVERY EFC IS TESTED for shutofl, lirearity. max. flow, crack open and pressure compeasalion,
JLOR'T allaws for pressure compenszared flow out of the CF and EX ports. &
MANUAL OVERRIDE waen electrical poveer is lost. v
OPTIONAL 2 PORT allows for pressure compensated flow cut of CF pore
OPTIONAL FREZ REVERSE FLOW allaws flzic @

Standard Por( size VIZSAE (1.1/16 -12),

Shipping: 2532 S 2%2h 81 (Zip 65105)
Mailing: PO, Bax #5063 (7p E3106]
Omaha NE

o z
Phone: (402] 344 4454 4
L5 1O ATIZACE VNG LT GR
Fax: (£02) 341.5413 At Kl

wwa URAND-HYD.CON

ELECTRONICALLY ADJUSTABLE PROPORTIONAL™
PRESSURE COMPENSATED FLOW CONTROL

“EFC?

FFC12-10-12

%. EFCI12-15-12R22
)

(""‘FGEAJCJ

Hol! # PEECI-20710 somce e
FEATURES: Compengae- s

bfnm— &L‘:m (‘4
C:‘S: Pc_{,ssm\"e

o set Jew ol
T

A;’ Laand 5‘76“[ 5:!
Eé .S ¢
Beessu \ehg-‘\ sk, 'J‘ 2]
el =t |l oeewn

o move from the CF port to the inles

¢ Response Time ;
-0.035” Standard dash pot (375 ms). &
-0,020° Dash pot (90¢ ms),
-0.093 Dash pot (175 s to 350 ms
depending on flow).

*  Spool leakage (3.05 in"/min. @ [0 psi
({50 ml'min. @ 68.9 bar) on EX port). <

MATERIALS:

= Duclile Cast Iron Body

Heat Treated Steel Sponls

Buna N O’Rings

Teat Treated Free Reverse Check Svat

Page 3.9
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EFC - GENERAL INFORMATION

The Brand. clectronically adjuslable proportional pressure compenrsated flow conwol is an clectronically
comerolled version of the vrigmal FCS1 style flow eonwol valve, The EFC performance as a Hew vonlrol is
very samilar 1o the FCS 1 because they both use the sume spring and compensaier speol. Thus, the conuol
flow port (CF) and the cxcess flow port (EX) remain usable sod pressure compensared.

The main sdventage of the LIC vver the FCS1 s thar the flow can be adjusted proportionally with a
solenoid instead of munually. As the csent to the solenoid increases the variable oritice moves
proportionally similir (0 pusitioning, the rotary side lever on tae manual FC's. The solenoid is connected o
our EC — series conteols which can he sold with the EFC. We also give the choice of a dasbpol size, which
allows the customer ta sclect & valve that responds to the contrul bux at diffesent rates, Other apticns are 2-
poet, free reverse tlow and high ligt ball spring relel,

ZPORT The 2-port (2F) option is a modified version of the stundand S-pust EFC. This option lets the
customer use $e control flow port while he exvess port is plugged. A specizl comnenzator spool wus
designed to climinate hunling Lal ca oeeur perween prossure compensated valves and pumps. 1o use the
EFC Z-port u pressure compensiled premp is reguired,  The 2-port can be converted to a 3-porl (by
removing the EX plug), but it will not have the same characteristics as the standard 3-pert. (See charl on
next page for 2-port EFC)

FREE REVERSE FLOW- The free reverse tiow option wis designed 1o b2 wsed primarily where
cylinders and motors arc needed to go n reverse,  Lhe flow ean only go in reverse from controlled Eow
(CF} to the inlet {IN). Flow is not metered when it goes in reverse. The steel ball seal inside Lhe
compensator speel 1s heat treated 10 assure a long life.

HIGH LIFT BALL SPRING RELIEF e high 1% ball spring relied (R) reduces plumbing and
provides relief protection. Onee the pressure on the inlet port increases above the reliel seiing the relizf
valve apens and divertss flow ta the EX port while maintaining pressuze on the IN port. The EX port must
be plumbed back to tank for this reliel W work, This relief does not chatter and the cracking pressurc from
0w to high fow is virtually the ssme, The celief is easily adjustable Dy simply loosening the lock nut and
turning the wdjusting fitting. {See eelief chart on next page)

EFC - EXAMPLES OF COMMON MODEL CODES: ’
EFCI2-10-120 .o ieecee e 10 Zpm (37,9 Lpin) 3epoet with 12 volt coil °
EFCI2-15-12R13... vrenes 15 gpin (56,8 1om) 3-part, 12 volt coil with 1500 psi {103.4 bar) relief

EFC12-10-122F..., < 10 gpm (37.9 Tom) 2-part with 12 vele coil
CEPIOMY, i e 10 gpm (3729 Tpm1) 5-port with EC-12-01 control

EFC - CREATING A MODEL CODE FOR EFC’S:

EFC __ _- -__ __
REVTRST FLOW: _I I_ QP TIONS:
C — Free reverse flow 2P~ 2 port
Omit - No reverse flow R15 - Relicf set at 1500 psi (103.4 bar)
speeify pressure in 100 psi

PORT SIZE: E:pcrclznx;sr ¥

2 - ®1Z8AE (1-1116 - i2) 093 — 0.093 dashpot orifice
*#* - Contact factory for others 420 — 0.020 dashpot orifice
FLOW SETTING: COTL VOLTAGE & TERMINAL:
05 - 0-5 apm {18.9 Ipm) 12=12vole DC
10 = 0-10 gpm (37.8 Ipm) 24 =24 volt DC
15 - 0-15 gpm (56.8 lpm) PF — Weather pack, temale shroud with male pin
20 020 gpm (757 lpim) Phi - Weather pack, male lower wilh lemale pin
25 - 0-23 gpm (94,6 Tpm)® Y
30 030 gpm {1156 lpm)* %

* - X port ealy
Page B-10
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Flow Jupm}

Freasure Crop (92.)

EFC WITH ELECTRONIC CONTROL:

CEP __

REVERSE FLLOW: —I

C — Free reverse fiow
Omit — No reverse tlows

CONTROLS:

D BEC-12-02 (Dashumount)
Omit - EC <12-01 (Weather proo”hox)

LOW SETTL

0s 0.5 gpm (1 89 YI;m)
10—0-10 gpm (37.3 Ipm)
15-0-15 2pm (56.8 Ipm)
20— 0-20 gom (75.7 lpm)
25 —0-25 gom (94.6 Ipm)*
30-0-30 gom (113.6 lpm)*

00

20 -2 poie

R15 — Reliet set ac 1500 psi (1034 bar)
(specify pressure in 100 psi
increments)*

93— D.093 dushpot ortlie

D20 - 0.020 dashpor orifice

Omit —No aptiens

* -3 purl only

EFC FLOW & SOLENOID CURRENT INFO FOR 2-PORT AND 3-PORT:

Flow vs. Solencid Current for EFC 3-Port

CUTemp= 103 tleg. Fw' 140 - 14T SUS DD

az T 1214
Lgprovalve. ’
28 o e o g 108.0
2 + 2cqpm Vel 90.8
| 1
f 1. 200NVl -—
20 gpivals ——r— 767 =
\é | 15gam Waker, b doe &
E3
s | / A5.4 :_:
1 2
2 % / _d_'_‘__,.,--‘
: 7 10.30m Yk | 0%
* ’ e - 161
SgpmiValin
o - v
=y 400 ADD noc o0 we L=l 1600
Zelencid Surmet [mA)
Pressure Drop vs. Flow for EFC Series
Flow (lpee)
0.0 B b2 8] (K] 78T 948 REbY )
140 ar
| |
420 Cup, //__/—_ 3.3
i ‘
a0n 4 — 3 f 89
80 1 omtrcl»vnr ow as =
a
50 ~Fa1 5
g
< 9 = 25 g
x 1T * 14
' \
c - 0.0
9 8 10 1% 20 25 30
Flow [ypm|

9

1

Praesura {pel]

Flow vs. Solenoid Current for EFC 2-Port

01 Tonp=140029. FW 140 147 3USCi

E2d 0.8
| 20gpm Ve
2O i LEA
1Sqpm Vi
18 ar f — - LOT
£ 12gpmeVatve
~:! 12 / 45.4
i >
il | T - 0.3
_—‘—'-‘-‘-
4 v 0 y i
o I B g Velwe
[ 2.0
oo 400 0 600 o0 a0n 52 102
Solenold Cumrent imA)
o
Pressure vs. Flow for EFC with Relicf
Flews { pim]
0.0 13.9 are G6.8 757 a4 1"s6
3000 Fome ‘ "\\ 236.0
%00 £ | "7-!—?— 1224
L T <
2000 ‘._",?—"———_—- 179L
bl v
- 3
1500 e - 103,64 %
wRLieksura 5
1000 — £a.9
. | ] —
) ——+ 348
\lﬁns!tmm
0 v 0.0
0 5 10 15 20 5 a0
Tl gom)
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ALIJL IS (.

AMadsan she fieartlyed af Ameckey

2 & 3 PORT SCHEMATIC DRAWING:
EC-SERIES
ELECTRONIC
CONTROLLER

EFC VALVE

EX —=
Z-PORT=EXCESS FLOW IS USAZLE AND
PRESSURE OBMPENSATED CR CAN
BE CONNECTED TO TANK.

FEQRT=THIS PORTS PLUGGED

R-RELIEF MUST CONNECT DIRECTLY BACK
TO TANK.

[ -
‘ L voLTAGE
: 1 ~ SOURCE
-

= CF
CONTROLLED FLOW PRICRITY PORT,
SRESSURE COMFENSATED

e PUMP.
2-PORT=FIXED UlSPLAL'::Ml:I_-J_I 3
2.PORT=PRESSURE CONPENSATED

|

TANK

DIMENSIONAL DATA (EFC WITH RELIEF SHOWN):

- 444" [112.78]
@ 9/32 [7.14] THRU } L 3.88"[98.4]
(2PLACES) ., | N
- I \‘.\‘I N //

MANUAL [ CF
OVERRIDE "\'__

405" [102.8]

s |>

~RELIEF LOCK NUT
/' ~RELIEF ADJUSTING FITTING
44 1.80" [45.8]
.-{1’, —'_L4 " —— (G A — =
| ~T 1 _ | 083" [21.1] if
EX | | !_<1.75' [44.5] — i T
T . ‘ N

|

9.33" [237.0)-
10.57" [268.6]

Page 1112
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S —

Shipping: 2332 So 25th St (Zip 63105)

Mailing: P.O. Box #8089 (Zip §8108)

Omaha NE

Phone: {402) 344-4434

Fax: (402) 3415418 e
HTTR:/WWW.BRAND-HYD.COM " Guesmmnnies

INSTALLATION SHEET FOR

EFC STYLE FLOW CONTROLS
KEEP WITH PRODUCT UNTIL INSTALLED

AUOITIONAL SHEETS MAY HE 2RINTED QUT FROM DR WEUSILE NOUW NELE Y LLOR UNDER PRODBUCT CATALOS SECTION

CFE port {Controlled Flaw) - fow coming from the CF port iz pressure compensated and prozortivsal to the eurrent cezeived
by e coll. Flow can vary Fomsleed 1o wide oper

EX por{ Excess Flow' - Flow vemiryg lrem the EX part is also pressire o crzaled.

H:\] “‘ I‘) -

k the CF part — Compensastor spool will shift over and clase off the EX port, Do rot Block the CF poit.

Block the EX port - to do this a pressurs compensaied or foed sense pump mest be wsed. we glso offer u special
compensator spoc «,l OA-2P) to t»..p reduce inshsbiiily issucs.

Surface — The valve mist be mounted on a fat swfese. It iz mportant pot to Dend oF bwasl
secause this may cause the comp spool to bind. On rigid swiaces we repommend washers belween cas tm" and
mouating surface,

Mounting

Have Insability '=.-u~:= - Nost instatn

‘v izsues ean be nesolvad by ising a different compensator spovl or saving. The
15 can 2¢ substitured for the CYA cempznsator spool: CHAS, CFA-093, CIA-2P ard XDCOHI, sprng: &

L)

lusx.;h-h:, gencrallv ozcurs when o motor is turring somsthing that can free wheel {Ga) or has a shaking foree {vibratizn},
When this coows the EUC comzensater spoo! ies to compersate fur all the chunges in load. The teaction 0 wach oter
becomes vmstahle and Lzads to chatier & noises.

som nat. Next, loasen che 706" jam nut, Firslly, tan the ovem:
st the flow out of the CF past uatil the maion, or cylinder,
BRI

\(.ulual O\"‘l"ldc Adjusbnent - Fiist, remove the 7
Lwise with o fIng beid serewdever o rl:uualh' agi
begins ro ™ Tl e e sorew connterclockwise uaril the moles, or evlinder, siops. Tumn the Ve
cowaterelockwize an aididonal ¥ . secure dhe jum nat and reinsiall the agorn nut.

Reliaf Aduzanent —The reliés pressurz will be prese: to customsr speeifications. In order for the reliet fo work, the EX pont
must be plambed Leck to tank, Te st the relief, simply loosen e elicf lock out ard e tom tae reliel sjustnzet
fiting cleckwise (0 fncnease e px.ssun‘ sething, st Figure | for mors wnbrnaton. otk the relicf lock aot ¢ el meliefl
adjusunent fiting ocepta 1375 weench.

Other Infommation — EFC valves come standar? in #12 SAE. Consult the factory for other possible port sizes, we do,
howeyes, recommend SAE perling.

ion | 1-03
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Axiomatic Remote Mount Solenoid Driver RSD-PCB-5V-1.2A

4& ~f !;r, F‘é‘ﬁe "y

Z'ZZI/;M Nlc s i Tf.:’uz .

Global Electronic Solutions o <4 :
TECHNICAL DATASHEET #TD1 500AX

REMOTE MOUNT SOLENOQID DRIVER l55 O 4 K |
(0-5 VDCI0-20 mA/1 OK:E<>_—t’.{r3_t|gme_tgn\mn) )« grL:/'o ,

Part No.: 250 - 258-gu-hes 2 5’*’»’.@ %
PCB Board - RSD-PCB-5V-x f
DIN Rail Mount - RSD-CR-EV-x
Packaged Driver (board installed in metal box)
Available with no cable - RSD-SIVB-5V-x-00
Available with 3 connectors - R50-5MB-5V-x-01
IPE5 rated, with cable - 5 ft. (1.5m)
- RSD-SMB-SV-x-IPE-yN
IPST rated, with solid round cable - 5 ft. (1.5m) -
RE-SMBE-5V-X-1PT-y
Clear cover, 1.5 m ¢able, 24 output - s
AXRSDSMBSVZAIC
Where x = maximum cumrsnt output

(24, 1.24, 800 MaA, GOOMA or 400MA)

v = 1.5 or custom lengths imeters)

Description: 7ne Remole Mourd Solenoid Driver simplifics control of
proportional solznoids by supolying 8 current properticnal to an mput contrel (U-
8 VDC, 0-20 mA, potentiomeater o pre-set leval). 11 acoepls power supply
voltages from § to 28 WCC. This lin2ar solenoid drver utilzes hgh frequency
seilching oulpul (PR lo provide a CC currant output. A cument sensing
il maiclaing culpul cunent regardlass of changes in inpui voltags and coil
resistance. The cptions for maximur cument output include 2 &, 1.2 A 800
MA, 500 mA or 40C mA. The user can adjust maximum and mirimum cursent.
Ramp tme, dither frequancy and amplitude can 2lse be adjusted Lo malch the
application. A system of LEC's indicates outout power level, input leve and
pawer onvoff, The unit is availzble as a sfand alonc PCE Soard, DIN rail mount
version or 23 a Packaged Drver enclesed In an IP65 ¢r IPGT raled metal
housing with cable or conneciers provided. |t is designed for remete meunting.
Ol versicns ae avalable incoding 4-20 md gignal input, 0-10 VOO signal
input and DIN 42650 call mount versians.

- - -k
Application: accurats cantro ot hwdrzulic or praunatic srcpor onsl salencid valves in mebilz squprent or industiz! zrecesses

Features:

Sfard alene PCE Board, DIN rail mount vers.on or enclosad o = mets! housing with cazle |3 coanectors 2 no cable aplion:l)
Maximum current adjusiment doas net affoct minimum currsri satting

Current gensing circuit maintaing culpa! current regardlass of changes in nput vel:age and osil rasisiance

Zroad range of aupply vollages (3 to 28 VRC) wilh na degradation in performancs

Medam 2chnology utilizing high fraguency awiiching output (1MW)

Energy effident design (no heat sincis required)

Acceste & 10K Polentiemedsr, 0-5 VDT ar 020 mA inputs (0-10 Y or 4-20 mA input versicns avatable)

Qptions for maximurt zurart output include 2 A, 1.2 A, 80D mA, 500 mA ar 420 ma

LED "ndication of owiput powar leval. input level 2nd cower onvorf

Simple imglerientation of *soft shift™ condrol with minimal extarnal components

Elzctronic Imitng circuil means no intesnal fuses \

Shert circut proof (ir cass of saenold fallure or misw.ing) LN
CE eerlified for EMC ,\\AJ"
UL and UL varsions availabie on request

Metal cox vers cn carmies IPST ratng

Reverse polanity protacied

Fllter eliminalés elecinzal nois:

L R U 2 ) DL ER Pt O N TC R S 1l e )

In Europe: In North Americs:
Axiomatic Taehaologies Oy A 2,650 Axiomatic Tachnologiss Coraorati

Hytambntic 8 Ve k < 5918 Wallace Streat
32880 LEMPAALA - Finland WVE U < Mississaugs, ON Canada LAZ 128
Tol. +358 3 3595 60D ;- , Tel. 1905 602 8270
Fax +358 3 3595 650 X . Fax. 1905402 5279
wenw.axlomatic.fi 1y ' www.axlomatie,com
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BLOCK DIAGRAM (0-5VDC Remote Mount Solenoid Driver)
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Technical Specifications: Al soacficatons typleal at nominal Input vellage and 2590 unless olherwise

speciied.
General Specifications
Quicscent csrent 137 mA @ 12VDC
10 mA @ 24VDC
Opesating conditions 40 to +35 degrees G (-40 to 185°7)
0 to 85% relative humidity
Storage temperature -80 10 1128 degrees C (-58 to 257°F)
Elecliromagnetic compatibility {ENMC) Crnissicr: CN S50061-2; Immunity EN S0082-2
Approvais CE {Packaged Drivar version only)

The FCE Eoard and DIN rail mount versions are
2000 35 campananis.

Protection - Packaged Driver

1265 wit nitrile lid gaske: and casle installed
1857 witn nitrile Iid gaske: and canle nstalled

Prolection - DIN Raif Mount

1P00
Cureult poard Is conformally coated,

Electrical connaction
- PC8 Board, DIN Rail Mount
or Packaged Driver (no cable)

10 screw termnals acoept 16-20 AWG wire for the power
oonducions 2nd 15 24 ANG wdre for the signal conductorns

Electsical connection
- Packagad Driver with cable

| Electrical connection
- Packagad Driver with conneciors

Cabla clamp (gromm&t) size
Max. cable diameter
Wire slze - cable o IPE3 rated Packaged Driver
Wire size - cable = IPET ratad Packaged Driver

Urierminated cabe

5 ft. {1.5m) stanczrd kength

(A DIN 42859 coil mount version is alsc avaiable.)
Solsnaid - Brad Harrigon 45360-C01

nano-change receptacie (2-pole male)

Signal g - Brad Harrison 45350-001
nann-change receplacde (onle malg)

Fower Input - Brad Hamison 8R4ECEA18A120
micro-change single keyway receptacle 4-polc male)
Mahing piug with canle assembiies are avaiabile,
Contact manufacturer.

P sorew type

5.00 to 7.92 mm (0.200 fo 0.312 in.)

S insulated wires AWE 20 plus drain wire

1 tadsted quad AWG 18 (1.0 mere) arxd

& insulatad wires AWGE 24 (0.28 mm*) plus arain wire

Dimensions - PCB Board

BISx203xG33mm (WxDxH)
25x0.8 x25inches

Dimangions — DIN Rail Mount

and x 880 x 70.0 rvn
3.54 % 2,67 x 2.75 inches (W x | x 1 excludirg DIN il foct)

Dimensions - Packaged Driver vith cable

1143 x27.9x 794 mm
4.50% 1,01 x 313 inches
(W x D3 H excluding grommet and cable)

Dimensions - Packaged Driver with connectors

ML x 380 x 110 B4 mm
4.50x 1.52 x 4.35 inchas R
("W x D x H including mounting plate and connectors)

Welght

PCE Board 0.10 1bs, (0,043 ka)
DIN Rail Mount 0.30 Ibs. (0126 ka)
Packaged Driver wit: Cables (1.5m) 1.25 lbs. {0.567 ka)

Fackaged Driver with Conneciors 1,10 lbs {0.495 kg)

TL1500AX
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METAL BOX

WTH CABLE
I— 450 (1143) —
. . 5
313 (70.4)
@) |
24
J}
3 Mounting Holee
Q.16 (3.9} dia.
L 1 -
] 1.01 (27.9)
——— o Dimensiore: inchee {mm)

METAL BOX WITH 3 CONNECTORS

b 282 ———
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Electrical Specifications

Operating voltage (power supaly requirement} 9 to 28 VDC power supply range

Conirol input signal options 0-5 VDT vo'tage signal or
0-20 mA curren: signal imax. 30 mA) or
10K Potenticmeter (ascepts 10K to 50K pais) or

for soft shit control. pre-set the solenaid driver by
connecting +SYDC to input and use the I-max.

adjustment
(0-10 WDC and 4-20 mA input versions svailable)
Refer to Notas below for praper installation e
Input resistance Voltage modle: 250K Ohms Currentmode. 33 Ohms | . . lans
Rznge of maximum catput current ZA{1.2 A, 800 ma, 800 mA and 400 mA versions) P ;
Solenoid resistarce selection (nominal) | Nomiral resistance of solencic coll gnoule comply | 43 ¢, chyer 0!
with: Reoil = (Mpowersuppy 1.5 V)ylmax -
Internz! supply for setpa’ni potenticmeter +5WDC (S=e Nots 4.) o i
Notz 1: For proper opersfion, match the power supply velzage with rating of solencid cof. Opersting the diver with 2 12:_'..:--"' )
supply voltage lower than the solenoid rated vellage may result in reduced maxdmum current output. ~ & 1
Note 2: Since the outpul s hitered {(not swaiched), no extemal profection diedsas are necessany, “‘xl? =
Naotz 2: The maximum current output of the driver shcu.d not exceed the cument rating of the zo.enoid coil.
Nole & WARNING: The contol input and the <5V reference ines should nover be connected to the powsr supply
input line. This will damage the controller.
Adjustments
Minimurn current s=tiing 0 to 500 mA (for 2 A output madel)
0 to 300 mA (for 1.2 & outout madel!
0 to 150 mA (for 830 mA cutput model)
0 to 150 mA {for 200 mA cutput model)
0 to 100 mA {for 400 mA outpat model)
Maximum current setting 0.5 10 2.0 A {for 2 A output madel}
026t 1.2 A {for 1.2 A cutput model) S
300 to 800 ma (for 800 ma ouiput model)
“ 80 1o 800 maA (for GO0 mA output madel}
120 to £00 maA (for 400 mA output model)
Currant ramg tims 0.01 - 5 sec. independent
Dither amplitudea C o 19% of rated maximum current
Cither waveform Trizngular
Currert dither frequency /0 1o 350 Hz 1 10% of full scels)
-
TL1500AX 5
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Mounting Instructions and Wiring Connections:
For stand alone PCB Boards:

Mounting the PCB board
e The board will accormmaodales #6 size mounting -
screws (not supplied).

% _H:[’_ o Connecting to the screw terminals on the board
) » Use a cabic to conneact to the PCB poard with sach
e b=l i vire stripped o 8.5 mm {1/£ inch) and the shield
|24 Btk (iacket} stripped to pe-mit splaying of the wires in the
5 % % 2HALGO GHD screw terminals without tension. The exposed ground
iy & | Eruam shield wire should have a heat shrink placed around
PE g: e the wire s a precautionary maasure
5 AL/ soLsion « Reference the lzbel {includec with Lthe board) for the
Zo.c.0tmr 0 pin out connections of the screw terminals
HOUT NN Sa e Toconnect the cable to the beard, loosen each screw

terminal, Insert the pre-tinhed wire and tghten with a
jeweller's sized scrawdnver. Take care fo position
the ground shield wire away from the PCB Board.

For Packaged Drivers with/without cable {(Metal Box):

Mounting the housing
Mount the housing using four #10-32 bolis or screws.

Connecting to the screw terminals on the board
For medels where no cable is provided connect a cable as follows. For a cadle specif.ication, refer lo the

technical saeciication section

To access lhe screw lerminals, lcosan the four screws on the lid using 3 Phillips #1 screwdriver, Remove
the lid.

Us= a 0200 to 0.372 inch diameter solid round shielded cable to cennect te the remete mount sokenuid
griver, Zach wire should be stipped to 6.5 mm {1/4 inch) and the shield (jacket) stripped to a minimum of
57 mm (2-1/4 inches). Exposed ground shield wire shouid have a heat shrink placed around the wire as a
precautionary measdare.

Remove the clamp nut on the Heyco PGS grommel using an adjustable virench.

Elide the clamp nut over the cable, Insert e cabis into the grommet, allowing for the stripped minimumr of
2 %14 inches to be available inside the housing. Tighten the clamp nut securely attaching the cable o the
housing assembly.

Refzrence the lasel (founc on the nside of the ig) for the pin ou! connections of the sorew ferminals.

To connest the cablz fo the board, loosen gach screw terminal, insert the pre-tinned wire and tightey with
a jewsller's sized screwdriver Take care to position the ground shield wire away from the PCB
Board.

Replace the lid and gaskel. Replace and tighten the four 4-40 Phillips flat head screws.

T D1500A% 8
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Connecting the cable s [ Enable.
For models where the cable is supplied, connect the cable to the load, | Waen Enable is connaclad to tha

power supply and input signal or potenticmeter, as foliows. ve power supply. the unit wili be
For Potentometer. 0-20 mA or §-S VDC Control: diszb'ed. When Cnable is lefropen
Tum ramp screws fully counterclockwise to eliminate ramping. ar connected to the +ve power

Usz I-Min. scraw to set up minimum speed with minimum conirel input, | supply, the unitis enabled

Use I-Max screw to set maximurn spead with 100% of control input.

WARNING: The control input 2nd the =5V referenze lines ehould never be
| connecied o the power suppdy input line. This will darnage the controllsr.

IP67 Rated Driver with Cable — Wiring Diagram
WARNING: The control input and the +5Y reference lines ehould never be connectec 1o the power supply inpul Lo,

This will damags the contrelier.

Fotentiometer Conlrol 0 1 20 mA Coatrol 0105 VDG Contral
p— —_— =
. > ™=y e (4) 7] Peranr (4) ol -
— ) o —m— —_—
s e Prwewe 4 rr Porwar (4 Tad
SV et L —_— N e >
NS A Loeewzaal Vlowsod el Carractez Ylowre: ¥roe
ey [l
Seh e — Cansecied Y " Eand Wav
adoa
Anais; Poea Y iard
Grouea elonT ack eize ’)svu'l' Siathdrice 0'énml Vo bk abge
Nt (SIS PR 2k S ¥obo. o,
v o Varethmerie e ™)
Btk T‘ Snasio M—l. Bt e
et - Tore . Fan b
Gowd e Wivm S N oo Greerd ey
—————
- | oo S [ oamtaderea b v
e > A
wve L \ e ey Iy L ey
e Ay ) Dangewe e e Crepaied ¥r2e

IP65 Rated Driver with Cable  Wiring Diagram
WARNING: The conirel ingut and the +5Y raferenca lines should never b2 connected 1o the powsar supply input ling,
This wil damage the conlrolier,

TR500/AX

101



Fotentiometer Contral {16 20 mA Control
S—— - Pewne -
ower (+) o ¥ L]
—_— oWl ————a
Power 4] b Tk
BN R e ot
| Feasacmie Corroucd  Tnatbzorse
z( . et
ot >k ko Connwced Mahack o
WM
Acalog 20 nh
[oreres) Sveriaci e ”sm‘x Greentact i
Fiet 100 M\

Coumtid oo g g e o
Stk = —. Fren - -
frurs s—. Framw

M Groud N CrenVrs
e — ]
S | Crwen B I e
> 'r%
Wies
e s b Urarge S

0 t0 5VDC Control
Power 11} e .
Pwerl) o

et

Connrecand ey g
Moy

-'?"" Wkt
QORNSE G - oy rap?

R Avestak eren

Nt A

Conzscted s

=nasie —

s e ——
Qe Covn e

e Q(—'au:
Vv r -

Refer to page 2 (block dizgram) for an altsrnative method of connecting & current loop transmiter to pravide a
current eentrol signal inpul. In this method, the current loop transmitter recsivas sower from the power supaly
powering the ampifier. The transmitter is cennected to e drivers =pewer supply input wire and the

+0 te 20 mA inputwire. This methed does not use the -0 to 20 mA signal wire connection.

TD1500AX
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For Packaged Drivers with three connectors {(Metal Box):

Mounting the housing
Mcount the housing using four #10-32 balis o screws.

Connector Pin Out:

For Either Polentiomsaler. 0-5 VDT or 0-20 mA Control:

Tum ramp mim pot fully counterclockwise to eliminate ramping.

Uss I-Min. tim pot to set minimum speed with minimum oentrol input.

Use FMax mim pot to set maximum speed with 100% of contro! irput.

Fnable

When Enzble is connectad ‘o the -ve power supply or Analeg GND screv terminal, the unit will be disabled,
When Enable is left open or connected o the +va power supply, the unitis enabled.

Mating plug and cable assemblies are availzble. Conlact the marufacturer. The pin out shown belaw is for
the three male conneclors mounted in the metal bex.

SIGNAL SOLENQID »
CONNECTOR (MALE) I—] T CONNECTOR {MALE)
PIN OUT OF PIN OUT OF
SIGNAL CONNECTOR SCLENOID CONNECTOR
(MALE - FACE VIEW) (MALE - FACE VIEW)
=L@ e
L 2 HEMOTE MOUNT S

PIN OUT OF

POWER CONNECTOR : : g

(MALE - FACE VIEW) —_— I

1 POWER+ ﬁ’;\

2 ENABLE Pl POWER CONNECTOR

3 PCOWER- { (MALE)

4 FRAME GND

For DIN Rail Mount Drivers:

Mounting the housing
The DIN Rail Mount Driver has a universal foot for maurting or: the DIN rall.

Connecting to the screw terminals on the hoard

= Use 16-20 AWG wire for the power conductors and 18-24 AWG wirs for the signal conductors in a seid
round shielded cable to connect o the remole mount solenaid driver. Each wire should be stripped to 5.5
mm {1/4 inch) and the shield (jacket) stripped to a minimum of 57 mm (2-1/4 inches). Exposed ground
shield wire should have a heat shrink placed around the wire as a precautionary measura,

= Reference the labal for the pin cut connactions of the scraw tarminals.

= Toconnect the cable, 'oosen each scraw terminal, insat the pre-tinred wire and dgaten with a jewealiar's
sized screwcriver. Take care to position the ground shield wire away from the PCB Board.

Enatle: When Enable is connzctad to the -ve power supply, the unit will be disasled. When Enable is lef: open
or conrectad to the +ve power sugply, the unit s enabled.

[DAS00RX g
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Adjustment Details:

i
Ensure that the unit is connecied to an oparating proportiona!l valve. Use a Phillips #1 screvadriver to maks
adjustments to the irim pots. The torgue rating for the tnm pots 15 5.0 oz-in. max.

The following settings represent a typical set up for a volizge or curent signal input. Conditans will vary:for
other sst up scenarios. Trim pots are single turr. Use 3 Phillips #1 sereawvdnver to adjust the sirgle fum tim
pols.

DIN Rail Mount version

PCB Board and Packaged Driver versions
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In the Packaged Driver, edjustments are accassible by
lcosening the four scraws on the lid af the housing and

removing the lid.
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Trim Pot Adjustments

Range of Adjustment

Factory Setting

Zero - Minimum Current Setting
(I-min.)

Clo 0.5 A for 2 A culpu: madel)

J1o 0.3 A (for 1.2 A oulpal madel)

0 to 150 mA {for 500 ma oulpul mode)
0 to 150 mA (far 600 mA cutput mode )
0 to 130 mA (for 40C mA cutput modsl)

Span - Maximum Cumrent Setting
{i-max )

0% (CCW)

06t020A (for2 A r\ulpm madel}

0.33 t0 1.2 A (for 1.2 A outpgut medel)
300 to 8CQ mA {for 800 ma output medel)
180 to 800 mA (for 300 mA output mocel)
120 to 400 mA ifar £00 mA ouiput mocel)

100% (GW)

Ramp Time (Rising and Falling
Edge

0.01 to 5 seconds indepzndent

minirum (3.01 sec.}
{CC]N‘JQQ

Dither Level iAmpliiice)

0 to 0% of rated maximum current

0% (CCW)

Dither Frequancy

70 10 350 Hz {£10%)

minimum (CCW;

CW = cockwize, CCW = counterzlccomiss

- .

*NOTE 1. Ringe of maximum aiapat cument Is 24 (maxdmum edlpul cusrent = minimum curreat seeing + makmum sument satling)

ANOTE 2;

TD1E00AX
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Adjusiing the minimum curreni will shiftthe  Acjusting the maximum current {I-max.) cces not affect the

maximum currsnt setting, as shown. mirimurn curent {I-min ) setting,
= Offset=Imin  Solerci
% = Current * i
5& .+ Slope = Imax g Factory
30 £Amp |-mex. = 1005
1A - .- Adjustmont to I-maxe= 509
Input e WAt F-min, rermzining | 9%
Voltage/Current
1003 Input
Voltzpa/Current

Settmg the Minimum Current (I-min.)

The minimum currert satting can be used te take inte accoun: the mechanical vaive deadband and p'uvue

desirad offsets from zero to allow full control within the functiona! range of the specific valve.

* Setthe minimum current before setting the maximum current.

= Agply minimum input icontra! potentiometer at minimum or 0 W or 0 mA).

¢ Tha factory setting for the l-min, Frim patis sst at 0 or fully counterclockwise (CCW).

= |fthe desired minimum cumrent is greater than 0. adjust the rrim pot clockwise (CW) until thz desirad
current is achieved,

Setting the Maximum Current (l-max.)

* Appy maximum control (control pot at maximum or 5 V or 20 mA)

= The factory seting for the [-max. trim pot is 100% or fully CW.

* Turn thz trim pot CCWW to zdjust the current setting downwards o the cesired maximum.

The rraximurn current saéting is adjusted to mest the customsar's werking pressure or dow range to the full
scale signal input range. This provides maximum cantrol for 2 specific 2palication. For examele, a § VOC
input can represent a S00 MA output (versus a 2 A outou!) if the vaive requirss this maximum cument for its
control funciion application,

Current oulpul should be measwred by an ammetsr set up in series with the driver and the lead. Connect the Sofo"':v'id +
ouiput fo the + terminal on the Ameneler and the Ammeter to the Solencid. Connact the Scisnoid - output to the Solenoid

b Sal+ | - )
A e
SR  Sclerog
Setting the Ramp Times
Irzut = The factory setling for ramp timzz is ths minimum (0.01
Signal — — seconds) or fully COW.
| ‘ ¢ If the ramp time settings are not needed, leave the setting
S at the minimum value.
I = Tochange the ramp limes, adjust the trm pot CW to increase
Snbwd the time.
Gurreot /| \ »  Naote that rising and falling ramp times sre independent
| . Ramp timss are application dependent Theay Linil the rzte of
|1?=.'o change or how fast the aperation happens. Note that if the inpus
signal is not applied long enaugh for the ramp time set, the
Ramp Times desirzd soleroid current will not be ‘cached.
>
TD15004X 1
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Settmg the Dither Amplitude
The factery setting for dither amplitude is 8% (CCW).
= 7o adjust dither amelitude, tum the rim pot CW until small changes in the input signal register similar
changes in curren: ouiput,
= Choose the smallest effective dither amplilude.
Dither amplitude 's ad ustable from € to 10% of te rated maximum current. Dither amplituge and fraquancy
are depaendant on the specific valve  The effects of static friction on the operaticn of the solenoid are reducead
by the applicatior af a small AC current. The hysterasis and repeatability of the valve are imoroved Ly this
praclice. The oplimurn dither amglitude is aftained when small input signal changes register similar changes
in current outoul (pressura or flow Lhiough the valve).

Seftting the Dither Frequency

= The factory setting for dither frequency is the minimum or 0% (CCW).

¢ To adjust citbar frequency, tum the rim pot CW until the desired frequency is set.

« The valve manufacturer will provide the desired cithar frequency rating for their product.

Measure the superimpesed dither by attaching a digital multimeter {with 2 fraquency settng) 1o the Tas1 Point locategd next
1o the INPUT LEVEL LEG and o the Analeg GND screw ferminal (for G2 and Packaged Driver versions).

Ordering Part Number:
PCB Beard - RSD-PCB-6Y-x
DIN Rail Mount - RSD LDR-SV.x

Packaged Driver (board Installed in housing assembly)
Avallable with no cable « RSD-SMB-5V-x-00

Available with 3 connectors — RED-SME-5V-x-01
Sontact the manufacturer for mating plug and cabls assamblizs.

IPB5 rated and available with cable - 5 f. (1.5m) - RSD-SMB-5V-x-IP5-1.5M
IPE7 rated and available with solid round cable - 5 ft. (1.5m) - RSD-SMB-5V-x-1F7-1.5M

Clear cover, 1.5 m cable, 2A output — AXRSDEMBIVZAIC
Where x = maximum current output (24, 1.2A, B00MA, EDOMA cr 4D0MA) and ¥ = 1.5 or cusicm lengihs (meters)
Specificabons ans indicalive and sulyec! lo cange. Actusl performance wil vary dspeading on 808 anpicanon and cosranng conainians.
Users should satisf themssives that 8 produst e sultabie for uss in the intended spulicalion. AN sor ivoduls carry a Mimited pamanhy

sganst dafacts i maressal a5a workonansiiy, Pleass refer o ow Warnanly, Appicalion ApgrovalsA iifanons sad Aeham Melsns's
Frocass as gescrived on wrraaxiamahc. comisenace. hmil.

Farm: TRIGDOAX-0Z12201

>
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Appendix B - Materials and Cost

CAT App Materials Cost List

Supplier abbreviations:

Building Materials

BSW
FAS
ORS
SUR
NOR
MEN
GRA
DFP
NAP
EQP
RAD
JET
MOT
MOU
MIN
QST
TYK
WTA

Built-So-Well

Fastenal

Orscheln's

Surplus Center

Northern Tool

Menard's

Grainger

Dakota Fluid Power

Napa Auto Parts

Equipatron

Radio Shack

Jet Ski Plus, LLC

Motron Industries

Mouser

Mini In The Box

Kansas State Quarter Scale Tractor Team
TYKB Buy

Wamego Truck and Auto Recycling

4" x 1/4" square tubing
1-1/2" x 3/16" angle iron

Supplier Quantity Description
BSW 80 ft 1/4" x 1-1/4" flat
BSW 12 ft

BSW 80 ft

BSW 80 ft

4" x 1/4" steel square tubing
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Price Amount
0.9 72
10.54 126.48
1.28 102.4
5.38 430.4



ORS touchup paint 31.74
ORS Purple and black paint 13.76
ORS 3gal Paint 30.99 92.97
ORS 6 ea spray paint 5.29 31.74
ORS 4 ea Rustoleum 3.44 13.76

Total Paint Materials 336.01
BSW 24 ft 2" x 3/16" steel square tubing 1.76 42.24
BSW 20 ft 3.5" x 1/4" steel square tubing 8.63 172.6
BSW 84 ft 3" steel sched 80 pipe 9.3 781.2
BSW 56 sq ft 1/4" steel plate 6.85 383.6
BSW 8sq ft 3/8" steel plate 10.28 82.24
BSW 8 ea 074200 1/2" U-bolts 13.22 105.76
BSW 40 ft 3/16" x 1-1/4" flat 0.6 24
BSW 25 ft 3" x 3/16" square tubing 5.52 13.8
BSW 11t 4" sched 40 pipe 3.65 3.65
MOT 2 ea 45" u-rods 73.33 146.66
MOT 4 ea HUB-054 axial bearings 64.4 257.6
FAS 4 ea bolt, HCS 3/4 - 10 x 5 Z5 1.9307 7.72
FAS misc fasteners 82.46

Total Building Materials

2,834.81
Paint Materials
Supplier Quantity Description Price Amount
ORS Painting supplies 120 ORS plastic sheeting
32.04

Hydraulic & Power Transmission
Supplier Quantity Description Price Amount
WTA lea 3.73:1 rear axle from '01 Ford Explorer 250 250
SUR 4 ea 18T 1 bore 50P sprocket 8.5 34
SUR 9ea #50-10 H 10ft box of #50 roller chain 22.95 206.55
SUR 12 ea #50H heavy duty connecting link 0.6 7.2
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SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
NOR
NOR
NOR
NOR
MEN
MEN
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR
SUR

lea
lea
2ea
2ea
lea
2 ea
lea
lea
lea
lea
lea
lea

lea
lea
lea

lea
lea
lea
3ea
lea
lea
lea
lea
2 ea
lea
4 ea
2ea
lea

lea

1" x 36" keyed shafting

1-1/8" L-110 jaw coupling half

Buna-N insert for L-110 jaw coupling

5/8" L-110 jaw coupling half

1" L-110 jaw coupling half

28T unfinished 3/4" bore 50P sprocket
1.80 cu in cross hyd motor 40MH18DACSC

26.95
22.95
10.15
22.95
22.95
8.25
227.95

1.654 cu in Prince SP20B27D9H2R hyd pump  209.95

4 gt plastic fuel tank

4 position ignitino key switch

steel fuel tank

swivel tee

shipping and handling

flow control valve

directional control valve
single-station subplate

shipping and handling

1-1/4" brass ball valve

1-1/2" brass ball valve

1-1/2" npt hex nipple

SAE 10 plug

1-1/4" nptm x 1-1/4" nptf 90 elbow
SAE 20M x 1-1/4" nptm 90 elbow
SAE 10M x 1/2" nptf 90 elbow
3/4" nptm x 3/4" nptf swivel 90 long elbow
3/4" nptm x 3/4" nptf 90 swivel
SAE 12M x 3/4" nptf 90 swivel

3/4" x 24" hose
3/4" x 30" hose

1" x 30" 1 nptm x 1 nptm 2750 psi hyd hose
1/4™ nptm x 3/8" nptf 90 swivel
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9.95
6.99
14.95
115
90
369.99
139.99
59.99
21.99
23.99
30.59
9.9
1.3
10.95
11.95
4.8
9.1
6.9
7
15.95
17.95
26.95
2.4

26.95
45.9
20.3
45.9
22.95
16.5
227.95
209.95
9.95
6.99
14.95
115
90
369.99
139.99

59.99

21.99

23.99

30.59

9.9
3.9
10.95
11.95
4.8
9.1
13.8

63.8
35.9
26.95
2.4



SUR lea 1/2" npt to 3/8" npt bushing

SUR lea 3/8" x 72" hose

14.95

QST lea Briggs & Stratton 31HP engine

NOR lea flow control valve, 0-30 gpm
NOR lea single-station subplate, 3/4" npt side ports
NOR lea directional control valve

GRA 8 ea caster wheel 660 Ib 3 D x 1-1/4"

GRA 3ea surge protector 15A 8 outlet

NAP lea barricade hose

MEN lea 1/4" barb 90 deg elbow

Total Hydraulic & Power Transmission
Experiment 2 Materials
Supplier Quantity Description
1/2" npt 15 GPM Prince WNV-800 needle

SUR lea valve

SUR lea 1/2" npt 30 GPM 500-1500 psi relief valve

SUR Lea 2000 psi 2.5 bm dry guage 50 psi
graduation

SUR Lea reservoir filler breather w/ 4" strainer
basket

SUR 4 ea 1/2" npt stamped weld-in tank flange

SUR 8 ea 1/2" nptm x 1/2" nptf 90 swivel

SUR 2ea 4.00-6 pneumatic tire & wheel assmb
1/2" x 36" 1/2 nptm x 1/2 nptm SAE

SUR lea 100R17 hyd hose assmb 3000 psi
1/2" x 48" 1/2 nptm x 1/2 nptm SAE

SUR lea 100R17 hyd hose assmb 3000 psi
1/2" x 12" 1/2 nptm x 1/2 nptm SAE

SUR 2ea 100R17 hyd hose assmb 3000 psi
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1.65 1.65
14.95
1800 1800
369.99 369.99
59.99 59.99
139.99 139.99
17.7 141.6
32 96
1.22 1.22
1.74 1.74
$ 4,721.66
Price Amount
33.95 33.95
459 45.9
5.95 5.95
15.9 15.9
2.25 9
3.4 27.2
5.95 11.9
10.95 10.95
12.95 12.95
5.85 11.7



SUR lea 1/2" x 1/2" x 1/2" nptf tee
SUR lea 1/2" npt to 1/4" npt bushing

Total Experiment 2 Materials

Electrical & Control Materials

Supplier Quantity Description

NAP 2ea battery cable terminal

NAP lea pkg 8 ea clip-on nuts

DFP lea PCB board solenoid driver

MOU 40 ea female connector pins

MOU 40 ea male connector pins

MOU lea cable clamp

MOU lea receptacle

MOU lea plug

MOU lea hall effect sensor

NAP 2ea battery

NAP lea battery m c specialty

NAP lea battery cable terminal

JET lea digital tachometer
N08-24-10-B-610-LT-POTIP165

MOT lea actuator

EQP Lea Briggs & Stratton 809967 wiring
harness

EOP Lea Briggs & Stratton 692318 key switch
assmb

EQP lea Briggs & Stratton 692541 control lever

EQP shipping & handling
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4.7 4.7
1.65 1.65
$ 19175

Price Amount
5.69 11.38
4.56 4.56
155 155
0.48 19.2
0.39 15.6
4.76 4.76
4.35 4.35
4.17 4.17
26.43 26.43
80.75 161.5
89.09 89.09
5.69 5.69
28.95 28.95
703.4 703.4
22.28 22.28
20.12 20.12
19.85 19.85
8.87



TYK
MIN

RAD
RAD

RAD
RAD

RAD
RAD

Miscelaneous

EXxpenses

lea

1lea

2 ea

2ea

lea

lea

1lea

1lea

0-5V (10V) 4-20mA load cell sensor

amplifier transmitter strain gauge

transducer 19.99 19.99
relay board 14.9 14.9
switch rocker SP/10A 1.92 3.84
12V dc toggle switch w/ safety cover 1.99 3.98
NTE HS-ASST-9 HS-4 in asstd sizes

and colors 13.63 13.63
NTE HS-ASST-2 HS-2-1/2 in asstd 9.69 9.69
sizes

compact butane torch 19.99 19.99
butane cartridge 2 pk 5.99 5.99
Total Electrical & Control Materials $ 1,397.21

$750.00
GRAND Total Materials $ 10,231.44

NOTE: Other materials were used that were not purchased; such as the trailer axles, the

hydraulic reservoir, optical encoder, miscellaneous hardware and some materials. These

materials are not included in the total cost of materials given above.
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Variable production

Counter Valug

Appendix C - Code

v ..n.r
> ’
Carrizge Home?
C/DIOS -9

@
» ,
Hitch Height -
Run
C/Al [ —

Hitch Position

| I,"[L_!‘. Carnage Speed wmphn',”

Carriage Speed (mph)

Carriage Position (in)

~# Reset Counter

‘—If.& Carringe Position (in ‘]!

|Z| !! Counter Value|,,|

Counter Direction

Counter Value

:l & Counter Directionln

Encoder Pulse Count

=

ix

f i ,’,I& Encoder Pulse Counti !l
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PID Control

°.,
b £,
E]_ Flow Control
B Valve
’ & 1
PiD 2 x C/ iCL
-
Set Speed PID
» erorin error out »
= —1 » setpoint output »
# process vatiable
ional gain (Ke) | [ Propotional sam
‘ ¢+ integral time
». @%— + dervative tirme
{ e » » auto? (T)
integral time (Ti, min) output hugh
Forward M | output low JOG PID
(Solenoid A) L E ‘EI
- » C/DIOL
T 2

|:|,.Cemaqe Speed lmgh.l:l_
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Data Recording

decimal integer sting

" i - r ‘
'\m age Positon [in) |‘
M’.Dc: erd Carrizge [liremonm
v v

l [!" renage Speed (mph) [y

SO

Strag
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Write to File

ICAT_Ap p_test_l

%H_%M_%5

uz
+ create v "D

Time (ms),Carriage Direction,Carriage Position (in),
Hitch Position (in),Carriage Speed (mph),Downforce
(LbsF), Left Draft (LbsF),Right Draft (LbsF), Total Draft,
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Appendix D - Pin and Wire Connections

Toolbox 37 pin connector

Component Wire Color Pin Number Pin Assignment
Home Limit Switch re.d L
white 2
End Limit Switch red 3
blue 4
Linear Actuator bIa.ck >
white 6
Direction Control green/brown 7 Forward
Valve yellow/brown 8 Reverse
Flow Control Valve white/green stripes 9 PWM signal to So.leno'|d driver
green 10 AGND for solenoid driver
- 11
- 12
yellow 13 0V reference
Hitch Height blue 14 Signal
white 15 5V Reference
Pinion Speed Sensor black 16 output signal
brown 17 +5V
(not used)
blue 18 GND
shield/clear 19 GND/Shield
Downforce load cell black/black 20 G_ND
green/brown 21 Signal
white/red/red 22 +24V
shield/clear 23 GND/Shield
Left Draft Load Cell black/black 24 G_ND
clear/purple 25 Signal
red/red 26 + 24V
shield/clear 27 GND/Shield
Right Draft Load Cell black/black 28 G,ND
clear/orange 29 Signal
red/red 30 +24V
red 31 5V
Optical Encoder black 32 GND
green 33 Signal A
- 34
- 35
- 36
Optical Encoder
(continued) white 37 Signal B
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Load Cell Amplifier
1 2 3 4 5 6 z 8 9 10
;::::::z: EXC+  SIG+  SIG- EXC-  SHIELD | 24v+  +mA v+ GND  Shield
::)i\:fn::rl:: Red green white black shield red N/A clear Black Shield
Wir;;i’lor Red green white black shield |red/clear N/A green Black Shield
To Load Cell From Box to Load Cell Amplifier
myRio
Connector C
Pin Number Prlmary./Secondary Connection/Use
I Signals
1 +15V -
2 -15V -
3 AGND Solenoid Driver groud
4 AOO Solenoid Driver output signal
5 AO1 -
6 AGND Hitch Height Reference
7 AlO+ Left Draft signal
8 AlO- To Machine Ground for Reference
9 All+ Hitch Height
10 All- To Machine Ground for Reference
11 DIOO/ENCO.A Forward DCV - Relay 2
12 DIO1 Reverse DCV - Relay 1
13 DIO2/ENCO.B Power to linear actuator - Realy 3
14 DIO3/PWMO Syren 25 Motor controller - Actuator
15 DIO4/ENC1 Speed/postion - Encoder A
16 DIO5 Limit Switch "home"
17 DIO6/ENC1.B Speed/postion - Encoder B
18 DIO7/PWM1 Pinion Speed Sensor (not used)
19 DGND GND to motor controller and Relay module
20 5V 5V to relay module
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myRio

Connector A
Pin Number Pr|mary-/Secondarv Connection/Use
- Signals
1 +5v -
2 AOO -
3 AlO Downforce signal (brown)
4 AO1 -
5 All -
6 AGND -
7 Al2 Right Draft signal (orange)
8 DGND -
9 Al2 -
10 DGND -
11 Al3 -
12 UART.RX -
13 DIOO -
14 DGND -
15 DIO1 -
16 UART.TX -
17 DIO2 -
18 DGND -
19 DIO3 -
20 DIO11/ENC.A -
21 DI04 -
22 DGND -
23 DIO5/SPI.CLK -
24 DIO12/ENC.B -
25 DIO6/SPI.MOSI -
26 DIO13 -
27 DIO8/PWMO -
28 DGND -
29 DIO9/PWM1 -
30 DGND -
31 DIO10/PWM2 -
32 DIO4/12C.SCL -
33 +3.3V -
34 DIO15/12C.SDA -

119



	Copyright
	Abstract
	Table of Contents
	List of Figures
	List of Tables
	Acknowledgements
	Dedication
	Chapter 1 -  Literature Review
	Chapter 2 -  Design
	Identify Constraints
	Research the Problem
	Imagine/Develop Possible Solutions
	Create and Build a Prototype

	Chapter 3 -  Final Design
	Variable Drive
	Track
	Carriage and Hitch
	Mobility
	Fabrication and Design Details

	Chapter 4 -  Control
	LabVIEW 2013
	NI myRIO-1900
	Sensors
	PID Control
	Tuning the PID Control

	Chapter 5 -  Experiment One
	Equipment
	Planter Settings
	Field Conditions
	Procedure

	Chapter 6 -   Experiment Two
	Equipment
	Planter Settings
	Field Conditions
	Procedure

	Chapter 7 -  Results
	Experiment 1 Results
	Experiment 2 Results
	Program Results
	Machine Results

	Chapter 8 -  Conclusion
	Chapter 9 -  Further Work
	Mobility
	Power
	In-Cab or Tablet Control
	Track Length
	Machine Translation

	References
	Appendix A -  Component Data Sheets
	Appendix B -  Materials and Cost
	Appendix C -   Code
	Appendix D -   Pin and Wire Connections


