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Precision Sow Feeder
Abstract

Auger mounted dropbox feeders are widely used in gestation barns to feed both stall and pen
housed sows. These dropbox feeders have a range of 1.5-12 lb and are relatively inexpensive.
However, they are not consistent in their precision because they measure feed on a volume basis
and fail to account for the several factors affecting feed density. Feeder inaccuracies can either
drive feed costs upward due to waste or create costly health problems for gestating sows due to
underfeeding. There are electronic feeders with high precision available, but these are much
more expensive, not retrofittable, and require continuous, highly-skilled maintenance. The
purpose of designing this improved feeder was to create an inexpensive retrofittable product with
increased precision compared to existing volume-based feeders. The designed feeder employs a
nested dropbox system with the inner dropbox suspended from extension springs to measure feed
on a mass basis instead of the traditional volume basis. As the feeder fills, its extension springs
displace until the desired amount is reached and instantaneous shutoff of the feed flow occurs via
a modular trigger system. When compared to the error in feed drop weight of a volume based
feeder, the designed feeder on average had 0.3 lb less error with each drop, potentially saving as
much as $400 per day per 1000 sows in feed costs. The prototyped feeder provides a plausible
solution to feeder inaccuracies that could be manufactured with blow formed plastic at a lower
cost than electronic feeders on the market.
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I. Introduction

Current feeders and feeding practices used in the swine industry have substantial variability,
which is especially problematic for gestating sows, who must be fed the proper amount of feed to
limit over conditioning and under conditioning (Gaillard and Dourmad, 2022). Too much feed
can lead to birth complications and too little feed can result in lactation insufficiencies. Sows are
often fed 4 to 7 lb of feed per meal, with 6 lb of feed being the average. Current inadequacies
associated with volume-based feeders can cause the weight of dispensed feed to vary by ±1 lb,
creating a considerable error.

Cost efficiency is a major aspect to consider in the swine industry, with feed costs accounting for
approximately 70% of total expenses in swine production. Therefore, wasted feed can be one of
the most impactful financial burdens for farms. By increasing the feeder precision, profit margins
can be improved and feed costs can be minimized. While the wasted feed can be economically
unsustainable, it also can have environmental effects in regard to sustainability. More precision
in the feeding system will allow transportation costs and routes to be optimized by reducing the
amount of trips feed trucks must take to the farm. Additionally, higher precision of sow feed
intake will improve downstream conditions in regard to manure management (Carlson, 2018)
and simplify environmental concerns such as soil nutrient management.

Sows are usually housed in either group pens or individually in stalls. In stall housing there is
greater allowance for individual care and more attention can be given to how much a particular
sow is being fed. This attention is particularly useful during gestation. With that being said, as of
2018, nine states enacted bans on stall housing due to the limited space allowance and concerns
with social behavior (Thomas et al., 2018). Due to these legislative changes, group housing in
pens has become more popular throughout the swine industry. However, with group housing
there is also more competition for food, which creates issues when trying to ensure each sow is
getting the correct amount of feed. There has been research catered to feeder designs that address
this issue, much of which focuses on electronic feeders.

There are two basic types of feeders
currently on the market which were used as
a baseline throughout the design process.
One is a hand feeder (figure 1), that requires
the feed to be manually scooped in each
individual feeder, making it time consuming
to employ. This type of feeder often consists
of a hard plastic hopper at the top connected
to a metal casing that contains a lever for
adjusting the amount of feed the sow is able
to receive. The second kind of feeder is a
dropbox (figure 2), which is attached to an
auger that runs along the ceiling. This
feeder has a manually adjusted pull tab that
controls the volume of feed dispensed into
the box by the auger. This feeder style is
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primarily constructed of hard plastic. Additionally, in a lot of gestation barns, a pull-cord system
is used alongside these adjustable feeders attached to augers. With this system, a cord runs along
the ceiling beneath the auger and is attached to ball weights in the outflow openings of each
dropbox. When this cord is pulled, it pulls the ball weight to release feed into the feed tube and
trough. The problem with this system is that only one row of feed is dropped at a time, which can
cause irritability amongst the sows that are on the latter rows. Both of these feeders lack
precision and can be difficult to adjust.

Overall, there is a need for design improvements to feeders that are most commonly used on
farms today. This is due to the current lack of precision and repeatability in feed distribution.
Additionally, while there are more precise electronic feeders available, these feeders are costly
and are not retrofittable to current feeding systems. Clogging is also an issue in some current
feeders that has negative impacts on the amount of feed the sow may receive. All of these factors
contribute to the need for design improvements in current feeders on the market.

II. Design Goals and Objectives

The major goal of this project was to design and create a precision sow feeder prototype that was
easily retrofittable to current feed line and hand feeding systems in gestation barns. Additionally,
the design needed to remain user friendly with limited technical skill or training requirements.
The prototype was designed to resolve several issues with current sow feeders, and ultimately
aimed to improve the efficiency of swine production.

The precision feeder design needed to implement an adjustable mechanism for variances in 4 to
7 lb of feed, and an element for 0.25-lb increments. Additionally, feed clogging was to be
mitigated. Selection of construction materials needed to maintain the robustness of the feeder so
it could endure the harsh conditions of a swine barn. Ability for the device to be integrated into
the existing feed delivery system of each barn also had to be considered as different barns have
different auger sizing, flow rates, and feed delivery methods. Simultaneous feed delivery was
another main objective for this project to alleviate competition among sows in the barn,
especially for those in group housing. Lastly, to ensure that the final product would be
marketable, the design had to keep the cost of the final feeder and components to approximately
$25 per unit. This cost was based on the average market price for current feeders.

During the design process, it was important to analyze which aspects of the project were crucial
in achieving the goals. Various tradeoffs needed to be examined in an effort to create a product
with the optimal number of benefits. This specifically came into play in regard to economics.
Being that during the course of the project, pricing of materials increased, there was a natural
progression of creating a product that, too, had an increase in pricing. Further, specific electrical
components were deemed necessary to achieve the main goals of the project. This was an evident
tradeoff that was necessary in order to fulfill some of the more pressing needs of the project. It
was also important to acknowledge that the cost to fabricate a prototype is always more than the
product cost if the product were to be mass produced. These tradeoffs will be further discussed as
the solution that was decided upon is explained.
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III. Engineering Design Process

a. Initial Steps

To meet the objectives and design criteria, the first step was to determine design constraints from
existing feed delivery systems and the type of feed used. To start, data was gathered on the
characteristics and dimensions of existing feed augers and hand feeding systems from
manufacturers such as Hog Slat, Inc. and Chore Time. Additionally, in order to gain a better
understanding of the feeding systems as a whole and to witness first-hand the environments these
feeders are in, a visit to NC State’s Swine Education Unit (SEU) was planned. Dimensions were
collected at the SEU as well. The dimensions obtained were then
used to determine how the precision feeder could be designed to
fit the widest range of existing feed systems possible.
Consideration was also given to the flex auger providing the feed
at the top of the dropbox and the tubing beneath the dropbox
where the feed is released. The next step was to investigate the
different types of feed used for gestating sows and find the most
common combinations of feed used. The moisture contents of
each feedstuff was taken into consideration during this research.
The materials used for current dropboxes were evaluated as well.

After determining the different feedstuffs used, related moisture
contents, and materials, the coefficients of friction for each of the
feedstuffs on different materials were determined (Brubaker and
Pos, 2013). The most extreme coefficient of friction out of the
given combinations of feed, moisture, and surface material (0.69
for wheat on wood float finish concrete) was used for the design

of the precision feeder to
ensure that it would not
be easily clogged. The
corresponding most extreme angle of 34.6 degrees was
used as the lower limit for design, meaning that no part
of the feeder experiencing feed flow would have an
angle less than the angle of repose. Setting this angle
was important to reduce the potential for clogging both
in the dropbox and at other locations in the feeder.

In order to better analyze the different components of
current feeders, an existing commercially available
dropbox on the market from Hog Slat, Inc. was
purchased, and its inner components were examined.
Areas of clogging, the pull tab adjustment mechanism
(figure 3), and the feeder’s attachment to the auger were
noted to be areas for improvement in the design of the
new precision dropbox feeder.
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Prior to determining the design approach that would achieve the goals and objectives of the
project, aspects of the feed were further analyzed using feed from the SEU. The feed was fairly
dry with roughly 20% moisture content, but still tended to clump or demonstrate cohesive
properties. When the feed was put into a 25 mL graduated cylinder, it was observed that after
tapping the graduated cylinder, the volume decreased significantly (figure 4). This allowed for
the conclusion that a primary reason for inaccuracies in feed amounts was due to compaction.

b. Prototype Design

The design of the prototype (figure 5)
addresses the issues of accuracy, adjustability,
and feed drop timing all while meeting the
requirement of being retrofittable to existing
systems. To overcome the issue of feeder
inaccuracy, the design incorporates a spring
system which utilizes Hooke’s Law to
accurately measure the weight of the feed as it
enters the dropbox. This spring system also
helps make the feeder easily adjustable in
0.25-lb increments by using spring
displacement to determine the weight of feed
supported by the springs. In order to ensure that
the weight of feed is not exceeded, a trigger
mechanism was designed to cut off the
flow of feed immediately after the desired
weight is reached. To improve the uniformity
of feed drop timing across the barn, an actuator
was mounted to the side of the feeder to replace

the current pull cord release. This actuator works to open and close a door at the bottom of the
feeder that will allow the feed to outflow. Another actuator resets the trigger mechanism that
shuts off feed flow. This is to allow the feed to refill the dropbox for the next feeding as feed is
conducted through the auger.

Further testing was completed using the current feeder system where inaccuracies in the feed
distribution from the auger into the plastic feeder were noted. The feed that was moved by the
auger into the plastic container formed an inclined angle instead of settling at a relatively flat
line, meaning that there would be a different amount of feed dispensed each time for the same
feed setting. In addition to this, feed that fell into the feeder would be compacted, which resulted
in inconsistencies in the actual volume of feed getting dispensed, depending on the compaction.
After testing and analyzing the feed, it was decided that the best way to improve the accuracy of
the feeder was to dispense feed on a weight basis instead of a volume basis. This is in contrast to
the current volume based feed measuring mechanisms. To accomplish this, the box was designed
as two pieces with one functioning as an outer shell, and the other containing the feed as it is
dispensed. The inner box is attached to four springs of equal spring constant and equal length
positioned in the top corners of the feeder. Due to limited daily cycling, spring fatigue should not
impact the usefulness of the feeder. Based on the principles of Hooke’s Law, the springs have
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been sized with a spring constant of 0.25 lb/inch so that when four are used simultaneously, the
combined spring constant is 1 lb/inch. This design decision will allow for simple adjustment of
the desired feed amount, with each 0.25-lb adjustment corresponding to 0.25” spring
displacement. Aluminum rods are used to attach the springs to the outer box and are sized so that
the extension springs can be easily changed in the event that they become fatigued and are
unable to provide an accurate measure of the feed weight.

c. Adjustment and Feed Shutoff Design

The adjustment and feed shutoff mechanism for the feeder was designed to minimize the use of
electronics and maximize the use of mechanical systems to simplify any potential
troubleshooting. The mechanism’s design involves the application principles from mechanical
hanging scales, as well as the trigger mechanism present in most foam dart guns (figure 6), and
similar toys. Attached to the inner dropbox is a protruding indicator that extends through a
vertical channel to the outside of the outer box, as seen in figure 7 below. As the springs extend,
this indicator travels downward in the channel until it reaches a semicircular trigger which serves
as its final resting place. When the indicator begins to rest on the trigger, forcing it downward,
the bottom portion of the trigger transfers its vertical motion to a horizontal slider through an
angled member of the trigger, as shown in figure 7. When the slider is retracted, it releases a
plunger mechanism that is forced upwards by a compression spring. This plunger moves a plastic
tab through the channel on the outer box’s top surface, and this tab will slide over the opening
that allows feed to flow into the inner box, thus stopping the flow of feed at the desired weight.

The trigger, sliders, and plunger of the feed shut off mechanism are contained in a rigid plastic
case that is adjustable upwards and downwards via three rails located on the outer box so that the
resting height of the trigger (once the indicator has dislocated it) corresponds to the desired
weight. The plastic case is set in place using four set screws on the edge of the outer channels.
This is the component of the feeder that workers in the barn will be able to adjust in order for the
desired weight of feed to be released to the sows.

Being that a compression spring is utilized to exert the force needed to push the plastic tab and
stop the inflow of feed, it is imperative that the spring be in a compressed state prior to the
inflow of feed into the dropbox. Therefore, the spring must be ‘reset’ to the compressed position
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after each feeding cycle. In order to do this, a linear actuator has been placed axially with the
compression spring and connects to the shutoff rods using a second pin with a hole a set distance
from the top hole.

d. Feed Release Design

Because the inner dropbox moves independently of the outer dropbox, it was determined that the
ball weight used in current feeders would be insufficient for use as a release mechanism. This is
because as the feed is released, the displacement of the springs decreases and the inner dropbox
moves upward towards its original position. When a ball weight is used, this upward motion
causes the feed outlet to become prematurely blocked by the ball weight, not allowing the correct
amount of feed to reach the sow. Therefore, it was decided that the best solution for releasing the
feed would be through the use of a hinged door at the bottom of the feeder.

The hinged door is attached to an actuator that is mounted on the side of the inner dropbox. In a
static state, the actuator remains fully extended holding the door closed. Because the door will be
opening at a fairly slow rate of approximately 6 mm/s (0.24 in/s), the outlet of the feeder was
designed to have a slanted angle. This is based upon a linear relationship that was determined
between the actuator speed and the voltage the actuator receives. This design ensures that all feed
enters the drop tube that leads to the trough where the sows receive their feed. Conversely, if the
outlet and door were made to be parallel to the ground, as the door opens, feed would slide off of
the door and be routed to areas other than the drop tube.

e. Auger Connection Design

The auger connection was designed for quick installment for various standard auger sizes. The
three standard sizes for auger pipes used in this design were 2.25”, 3.0” and 3.5” in diameter. The
component itself is split into a top and bottom portion which is hinged together to allow the part
to fit over the installed auger system. The part attaches with the use of standard hose clamps that
can wrap around each side of the component once proper fitting and placement on the auger is
accomplished. There are two curved channels cut into the auger connection that act as primary
and secondary shutoff mechanisms. The primary shutoff mechanism is controlled by the trigger
activated mechanism as previously discussed. The secondary shutoff is a manual shutoff that can
be used to close off the feeder if it is not in use, or if there is a malfunction with the feeder. The
goal of adding a secondary shutoff was to ensure that removing one feeder from use would still
allow for the rest of the sows in the barn to be fed.

f. Electrical Components

According to the manufacturer spec sheet, the actuator chosen has a stroke length of 100 mm, a
speed of 8 mm/s, and a force of 70 N (3.9 in, 0.31 in/s, 15.7 pounds respectively).The stroke
length provides the full range of motion needed to open and close the door, and the force is
sufficient to open the door and keep it tightly closed as feed fills the box and adds weight on the
door. Further, the actuator chosen has the necessary force required to reset the compression
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spring in the trigger system to a
compressed state. Each actuator was
wired to be controlled by a push
button, which would promote a
user-friendly design. In regard to
wiring and coding, each actuator
requires the use of an Arduino, a two
channel relay, a battery power source,
and a push button. A diagram
demonstrating the circuitry is displayed
in figure 8. Each actuator is to extend
and retract with specific time intervals.
In order to implement this, a code that
utilized an ‘if-else’ statement, along
with ‘digitalWrite’ and ‘delay’
functions was uploaded to the Arduino
Uno. The ‘if-else’ statement was used
to send a signal to the Arduino Uno
denoting whether the push button was
in an open or closed state. Then, based
on whether or not the corresponding pin connected to the push button was reading high or low,
pins that were connected to the relay were written as high or low. This aspect of the circuitry
allowed control over the actuator’s extension and retraction, or held it stationary. The power’s
polarity, which was transmitted from the battery to the actuator, was reversed utilizing the relay.

g. Similarities to Existing Feeders

Apart from newly designed aspects of the feeder, it is important to note that some parts of the
existing feeder were kept the same due to their well engineered functionality. At the bottom of
the feeder, the angles leading to the outlet required no alteration to their geometry, but only
needed to be resized to fit within the outer box. This is because the angle of the bottom is well
beyond that of any feedstuff’s angle of repose (34.6 degrees), so clogging was not an issue.
Another notable unchanged feature is the cleanout hole, as seen in Drawing 2 (Sheet No.
A100_2) in the Appendix, which was useful for troubleshooting any issues that arose on the
inside of the outer dropbox.

h. Materials

Various tests were done during the design process to ensure the design was feasible and usable.
Different materials were tested in an effort to see what material would slide with the most ease
across the surface of a PLA 3D printed part. The trigger casing was 3D printed using PLA. This
was deemed the most viable material option and fabrication method due to the precision inner
working parts that could not be easily fabricated using aluminum or stainless steel. The trigger
needed to easily slide in the channel provided within the trigger casing. Therefore, a variety of
trigger materials were explored. The first trigger was fabricated out of aluminum. The major
advantage of aluminum was that it would be durable. However, during testing it was discovered
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that the aluminum and PLA materials did not slide easily against each other, and it was
determined that the aluminum material would cause issues during normal use. The second option
was to fabricate the piece by 3D printing using PLA. When this material was tested, there was
much less friction between the trigger and the casing, so it was deemed suitable. The PLA trigger
did not experience any limitations and was able to move fairly smoothly through the channel.
Therefore, this material was chosen for the major sliding parts within the design.

i. Calibration

In preparation for calibration, the feeder was positioned in a manner in which it was level and the
inner dropbox would displace along a vertical axis with limited contact with the outer dropbox.
To calibrate the precision feeder prototype, displacement of the indicator was measured and
marked along the indicator channel of the outer dropbox for 0.25-lb increments ranging from
5.00 to 7.25 lb. The feed was a corn-soybean meal provided by the SEU. A baseline distance
traveled by the inner dropbox for 5 lb of feed was first determined. This was done by weighing 5
lb of feed and adding that quantity to the feeder. This displacement was then used for all
successive measurements. Then, 0.25-lb increments of feed were added to the feeder and the
displacement of the indicator was marked along the channel for these measurements as well. The
actuator timing had to be calibrated based on how long it took the feed to drop out of the box.

IV. Budget and Bill of Materials

The total cost for the design and
prototyping process equated to
approximately $1,550. However,
it is estimated that the cost of a
feeder, if mass produced, would
be approximately $50 based upon
the following assumptions.
The total fabrication cost took
into consideration parts that were
later deemed unsuitable for the
design, as well as the labor hours.
Labor was the primary driver in
the budget, equating to $1,260.
Additionally, the purchase of the
pre-existing feeder used for
reverse engineering purposes was
approximately $50. Materials
purchased for fabrication of the prototype contributed to the remaining portion of the budget. It is
important to note that the design process consisted of experimental aspects, which significantly
prolonged the fabrication timeframe. Additionally, the materials used for the larger components
of the feeder, including the inner and outer dropbox, were fabricated using stainless steel; a
material that is more expensive to obtain and work with. If the design were to be mass produced,
the cost of fabrication would significantly decrease. It is likely that in the case of mass
production numerous feeders would be fabricated in a day, reducing the overall labor costs.
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Additionally, using blow molded plastic as opposed to stainless steel would also significantly
decrease the overall fabrication cost.

V. Design Testing and Future Considerations

a. Analysis of Precision and Accuracy of Feeder

For analysis on the efficacy of the precision feeder prototype, two cycles of tests for a current
feeder on the market (Chore-Time), and two cycles of tests for the new prototype were
completed. A selected range of 5.00 to 7.25 lb at 0.25-lb increments was selected for testing
purposes, as the typical range of feed weights for sows ranges from 4 to 7 lb. For the Chore-Time
feeder, the corn-soybean meal provided by NC State’s SEU was used to fill the feeder to each
incremental weight value according to the weight markings denoted on the pull tab. The feed was
then released into a bucket and weighed to compare the error between the weight the feeder was
set to and the weight of feed that would actually be received by the sow. The process was
completed twice for each 0.25-lb increment for a total of 20 measurements. As for the prototype
feeder, the same increments of feed weights were added to the feeder and the displacement of the
indicator was observed. Two cycles and 20 total measurements were performed. The measured
distances are reported in Table 1, which were then converted to lb of feed in the dropbox based
on this travel distance. An equation was developed to create a linear relationship between
distance and weight:

𝑊𝑒𝑖𝑔ℎ𝑡 = 5 +  𝑛[(𝑊𝑒𝑖𝑔ℎ𝑡 𝑎𝑡 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 7. 25 𝑙𝑏𝑠 − 𝑊𝑒𝑖𝑔ℎ𝑡 𝑎𝑡 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 5 𝑙𝑏𝑠)/9]

The two trials for each feeder were averaged for both the Chore-Time and prototype feeder,
which were subsequently plotted against each other in figures 10 and 11. Figure 10 displays the
actual feed within the feeders against desired weight, while figure 11 displays the percent error
from the desired feed weight.
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On average, the prototype feeder deviated from the desired weight by 0.3 lb (5%) less than the
existing feeder. Using this information, the annual feed cost savings was calculated based on the
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cost of feed and the number of sows on a given farm. Using data provided by NC Farm House
and the NC Cooperative Extension, feed costs for sows was approximately $0.22/lb. Given that
annual feed days are around 300 days for sows and a base number of 1000 pigs was chosen, the
average daily savings was estimated as potentially $396 and average annual savings was
$118,800 (Table 2).

b. Future Considerations

Throughout the testing process, future design alterations were taken into consideration. The first
limitation of the current design is the source of power for the linear actuators. Due to the
confined space and wiring placement, the current prototype presents some issues in regard to a
maintained power source. The 9-V batteries are capable of powering the actuator, but are very
short-lived due to the lack of a constant amperage. Therefore, in the future it would be beneficial
to connect the feeders to an electrical line that would provide a constant power source throughout
the feeder’s lifecycle. While changing the batteries is not extremely difficult in the prototype
design, it would not be ideal to have to change the batteries as frequently as what would be
required. This would require advice from an electrical engineer/technician to gain a better
perspective of the most economical and feasible approach that would prove to be both safe and
ensure the longevity of the system. Further, the material of the feeder would ideally be primarily
blow molded plastic, which would reduce the overall weight of the feeder, as well as minimize
the fabrication cost if the feeder were mass produced.

Another issue that could benefit from further design improvements is the shutoff mechanism.
The plastic tab associated with the shutoff experiences some friction, which is partially due to the
manner by which the auger connection had to be 3D printed. In order to have the ability to
remove support material, the auger connection had to be printed as two halves, instead of one
whole piece. It would be beneficial to utilize a linear bearing to maintain a linear motion and
reduce friction as the plastic tab slides through the channel. Additionally, the alignment of the
inner dropbox still posed to be a slight issue due to friction. The connection points for the four
extension springs that the inner dropbox is suspended from had to be designed so that the springs
could be easily changed as they fatigue over time. However, as a result the design does not allow
the extension springs to be constrained along a specific axis or channel, so it is highly likely that
the inner box will contact the outer dropbox at some point as feed is flowing into it. Depending
on the duration of contact, this can cause inaccuracies in the precision of the performance of the
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feeder. Linear bearings or teflon wear strips mounted to the inner surface of the outer box would
be a likely solution to this issue for future prototypes.

Moreover, it would also be beneficial to fabricate multiple feeders to test on a larger scale.
During this testing, the implications of sow welfare, in addition to the functionality of the feeder
would be observed and analyzed. This information would be valuable in determining further
improvements that could be made to the design.

VI. Conclusions

The current state of sow feeders is high in variability and imprecise in measurement. The
objective of this project was to design a feeder with increased precision while being relatively
inexpensive and retrofittable to current barns. A new feeder was designed which implemented a
weight-based measurement system, in comparison to the traditional volume-based system used in
existing feeders. A mock scale system which utilized principles of spring displacement is used to
measure the feed as it enters the feeder. Further, a trigger assembly is utilized to stop the inflow
of feed into the feeder when the desired weight is reached. Overall, this design solved the
problem of high variability in feed measurements in current sow feeders while maintaining its
ability to be retrofittable. However, the design solution was accompanied by challenges to
consider for future design amendments. The use of electronics to run the feed door and trigger
assembly reset may not be ideal in the harsh environment of the gestation barn. The barn
environment may deteriorate different electrical components even if installed in a protective
enclosure. The bulk of the larger components, such as the inner and outer dropboxes, were made
of aluminum. This material proved to be much heavier than necessary and difficult to install. The
3D printed parts were too weak for the forces induced by the design and would not have an
acceptable duration in the scope of a more permanent application. While these things did cause
substantial issues during the prototyping process, all of them could be resolved with mass
fabrication of parts from blow formed plastic and industrial grade electronic casing and
components.
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