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ABSTRACT

Currently Petaluma Farms has no cost effective way to get rid of the chicken manure
generated on the ranch. The goal of this project is to lay out a facility to pelletize manure.
The Pellet Mill that has been obtained for this project is a Farmer Automatic Pelletizer H P
K 01. This mill does 500 Ib/h of manure. This machine will be fed through an auger. The
auger must allow for the future expansion to three mills so it must be sized to provide at
least 1500 1b/h. This report includes the auger sizing as well as the appropriate sized motors
to operate it. The only construction that will take place on this project is the chute that will
feed matenal into the mills.



DISCLAIMER STATEMENT

The university makes it clear that the information forwarded herewith is a project resulting
from a class assignment and has been graded and accepted only as a fulfillment of a course
requirement. Acceptance by the university does not imply technical accuracy or reliability.
Any use of the information in this report is made by the user(s) at his/her own risk, which
may include catastrophic failure of the device or infringement of patent or copyright laws.

Therefore, the recipient and/or user of the information contained in this report agrees to
indemnify, defend and save harmless the State its officers, agents and employees from any
and all claims and losses accruing or resulting to any person, firm, or corporation who may
be injured or damaged as a result of the use of this report.
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INTRODUCTION

Background

In many areas of the United States that have high concentrations of poultry production
getting rid of the on-farm waste in an economically and environmentally feasible way can
be problematic. Currently many farms try to dispose of the manure by spreading it on fields
surrounding the production facilities. This method can be very beneficial to the surrounding
areas and crops because it will fertilize the land. Also according to Bernhart et. al. (2009)
chicken manure in particular is the most valuable of all manures. The litter is typically made
up of chicken manure, bedding material, and feathers. This combination is very beneficial to
the soil because it has high nitrogen levels as well as phosphorous and potassium.

The problem with spreading the manure on the surrounding lands is production facilities are
typically concentrated in central areas in order to decrease production costs (Ndegwa et. al.,
1991). As urban encroachment continues the land available to spread manure on decreases,
which leads to more problems from odor and flies (Petric et. al., 2009). This will lead to
those areas having high levels of nitrogen and phosphorus (Kingery et. al., 1994). This has
created groundwater and surface water problems as excess nutrients run off or leach into the
groundwater (Moore et. al., 1998).

This environmental problem is directly related to the poultry manure having a very low
density. Since the material has a low density this causes it to have a high cost of
transportation. Collins et al. (1988) suggested that hauling the manure about 200 km would
cost around $18 to $20 a ton. The nutrient value of the litter was only valued at $17 per ton.
Since the transportation cost of the manure is greater than the cost of the nutrients it is not a
good economic option to haul the manure. In order to decrease the cost of transportation of
the manure an option is to increase the density of the litter. A good way to do this is through
compaction.

Poultry litter originally has a bulk density of about 500 kg/m’ (Bernhart and Fasina, 2008).
Usually this is improved by compacting the material into pellets, cubes, and bales (Bernhart
et. al., 2009). The form that this project will look at is forming the litter into pellets.

In addition there is also a potential political benefit to pelletizing manure. Along with
reducing volume, drying and pelletizing manure will also help reduce offensive odors
(Lopez-Mosquera et. al., 2007). This could help prevent unwanted complaints and publicity
to a ranch because in the U.K. 25% of agriculture odor problems are due to chicken manure
(MAFF, 1992).



LITERATURE REVIEW

For this project the pelletizer that has been selected is a Farmer Automatic Pelletizer H P K
01. This pelletizer falls under the category of a disk pelletizer. 1t works by first feeding the
manure between the two disks. Then as the disks turns, it forces the manure into the dies
that make the pellets. The diagram for this is shown in Figure 1. The benefit fit of this
machine is that it doesn’t get clogged because the rollers will grind down the compost. The
disadvantage is that any hard foreign matter can cause damage to the dies.
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Figure 1. Diagram of Pellet Mill Operation (Hara, 2004).
The goal of this project is to develop a surge hopper for material entering the pellet mill
along with looking at possible ways to load it. In order to figure out the hopper design
certain flow properties of chicken litter must be examined.

In order to make to begin making pellets, certain properties of the manure had to be
researched. This is also important because the flow properties of the manure will help
dictate what equipment will be the best fit. These Flow properties are used to do three
things. First, they are used to design and retrofit existing bins, hoppers, and feeders.
Secondly, they also help to determine the cause of flow problems. Lastly, they help figure
out the different bulk materials or different grades of the same material (Bernhart et. al.,
2009). Flow properties are measured by the flow index, cohesion, and angle of internal
friction.

From Table 1, it is possible to see how different metals affect the flow properties of the
manure. From the flow index it is possible to find out the flowability of the litter.
Flowability is defined as the capability of powders and granular solids to flow (Ganesan et.
al., 2008). The classifications are shown in Table 2.



Table 1. Adhesive Strength and Angle of Wall Friction of Poultry Litter (Bernhart and
Fasina, 2008).

Table 2. Classification of Powder Flowability by Flow Index (Jenike, 1964).

One of the most important factors in making good pellets is the moisture content of the
manure. The pressure used to create a pellet as well as the moisture content will
significantly impact the density of the pellets. It will also affect the energy required to create
them (Bernhart et. al., 2009). The results of a study conducted on the effect of moisture
content of poultry litter, indicated that with an increase in moisture content, it would reduce
the bulk density, particle density, and flow ability of the litter (Bernhart et. al., 2009). The
study also went on to predict that poultry litter would have a maximum stability at a
moisture content of 5.5% (wb). The article also suggested that this study results could
change depending on the composition of the poultry litter. The litter can have lots of
variability in it as a result many factors such as spilled feed and feathers. In Table 3 it
shows the flow index at various moisture contents.

Table 3. Flow Indices for Poultry Litter (Bernhart and Fasina, 2008).

Handling

On the ranch pellets will be exposed to various environmental conditions that can affect the
integrity of the pellets. The greatest factor when determining the durability of the pellets is
moisture content. A study by McMullen et. al. (2005) concluded that increasing the
moisture content of the pellets would usually result in less force being required to rupture
them. A graph of some of the data is shown in Figure 2. The study also concluded that
pelleting would increase the bulk density by up to four times.









Depending on numerous factors such as moisture content, angle of repose, and sidewall
material there could be ratholing, bridging, or funnel flow. These are undesirable
characteristics that may need a flow aid to correct. Most of these factors will have to be
discovered through testing. The hopper will probably be similar to the hopper shown below
in Figure 5 and then subjected to testing.

Figure 5: Possible Hopper Design.









made that contained many different pitch sizes. Using the different pitches allowed the
number of coils per auger to be computed. After this the flow rate per revolution of the
auger was determined. It was then multiplied by the revolutions per minute of the auger in
order to get pounds per minute of manure. The last step was to convert this number to
pounds per hour of manure the auger could deliver.

From measurements taken on the existing auger in the hopper it has 5 coils of flighting in 25
inches. This gives it a pitch of 5 inches. This auger was sized by Farmer Automatic to
deliver 500 1b/h. From the auger flow rate chart shown in Appendix B, it was determined

that if it only supplied 500 Ib/h, then it was assumed that the auger was only running 10%
full.

In order to size the new auger it was again assumed that the auger would only run at 10% of
capacity. Again from the auger flow rate chart in Appendix B, it was determined that if
only using standard pitches an 8 inch auger was the correct size. A standard pitch is when
the pitch is equal to the auger diameter as seen in Figure 8. It was decided to use a standard
pitch because they can convey a wide range of materials and are very common if
replacement is needed. This would supply approximately 2100 Ib/h. The extra material that
is supplied to the mills will be returned to the main hopper through a return hopper to ensure
that the mills always have enough material.

—o—

|

Figure 8. Illustration of Standard Pitches (Kase, 2014).

The initial design for the auger is shown below in Figure 9. This original design was
changed to more of a trough design which is shown in Figure 10 for a number of reasons.
The first reason is that it can be mounted with a bearing on both sides which leads to a
longer service life. They are also easier to service, repair, and material can be added at any
point along the conveyor (Bloome et. al., 2005).
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C~<truction Proc~"re

Feeder Tube. The only part of this project that is going to be constructed is the feeder tube
shown in Figure 15.

Figure 15: Feeder Tube.

The top of feeder tube that will be in contact with the auger trough will be cut out of a sheet
of 12 gauge flat stock using the CNC Plasma. The part was cut out in two separate pieces.
Then each individual piece was bent 90° on the press brake. The two cut picces can be seen
in Figure 15.

Figure 16: Pieces Cut on CNC Plasma.

The lower portion of the feeder tube below the flange was cut out in two pieces of 12 gauge
flat stock on the Pexto Shear. Then it was bent 90° on the press brake. The bent pieces are
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shown put together in Figure 17. Then the seams of the two pieces were MIG welded
together.

Figure 17: Lower Feeder Tube Tacked Together.

The next portion of the construction was the flange. The flange was made out of 1 42”x1
72”x1/8 angle iron. The metal was cut at a 45° angle on the bandsaw and then welded
together. The welded flange 1s shown in Figure 8. The next step was to drill the holes for
the bolts that would hold everything together. The both the top and bottom tlange along with

Figure 18: Welded Flange.

the spacer for the flow control slider were drilled out together to cnsure everything would
line up for assembly. The bolts used in the flange are Y4"x 1™ hex bolts. The holes are drilled
out to 5/16™ to ensure the bolts would fit. Once all of the holes were drilled. one flange was
welded to both the top and bottom pieces of the feeder tube.

The last portion that needed to be built was the slide gate. This picce was cut out of 12
gauge flat stock on the Pexto Shear. Then a picce of 1 1,27x1 1/27x /87 angle iron was
welded to one side of it as a handle.






RECOMMENDATIONS

Further calculations on the system will involve sizing the motor that will turn the auger. In
between this motor there will be a gear box in order to reduce the motor speed down to 45
rpms. Depending on the gear box selected this will change the necessary motor horsepower.
This was not incorporated into the design because accurate numbers on how much torque is
required to turn the auger in order to deliver the manure could not be determined. This will
be tested on the small scale version, and using the data acquired the final motor will be
sized.

In order to help facilitate flow and prevent clogging in certain parts of the system some sort
of flow aid may need to be incorporated. This flow aid would be placed on the feeder tube
and would help material fall out of the auger and into the feeder tube. The only way to
determine if this is needed is after the system is built and the initial design is tested. A flow
aid such as the one shown in Figure 21 is recommended. This vibrator is operated by air at
80 psi and delivers 75 Ib vibrations at 10,500 vpm.

Figure 21: Pneumatic Vibrator (Grainger, 2014).

Another future consideration is how to cool the pellets once they are made. When the pellets
are made the dies in the mill will compress the manure to a density and length that depends
on the dies being used. This process creates a lot of heat and the pellets can reach
temperatures of 200 °F. The pellets come out very soft, and must be cooled betore they are
stored in order to harden them. When the testing of the design is done on the first mill
different cooling methods will be looked at. The current idea is to take the pellets away on a
twenty-one foot open faced conveyor. Along this conveyor some 24 inch fans will be placed
to help cool the pellets. A potential fan is shown in Figure 22.
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Major Design Experience

The BRAE senior project must incorporate a major design experience. The design process
usually involves the fundamental elements as outlined below.

Establishment of Nhi~ntivac ~~q Criteria. Project objectives and criteria are established to
meet the needs of retaluma rarms.

Svynthesis and Analysis. The project developed a chart in order to estimate the flow rate of
augers based on different densities and rpms.

Construction, Te<*~g, an” ¥valuation. This project will be designed to meet the needs of
Petaluma Farms. 1 he only part of this design that will be built is the feeder tube that brings
material from the auger to pellet mill. There will be no testing done on this project.

Incorporation ~¥ A ~~%cable Engineering Stanc~~-s. The final design will be wired
according to NEU code.

Capstone Project Experience. The project will incorporate many concepts that were
introduced in previous engineering classes. The project will also utilize many concepts that
had to be researched further. The relevant classes include: BRAE 129, BRAE 133, BRAE
152, BRAE 234, BRAE 320, ENGL 149 and BRAE 216.

Desig—~ Parameters and Constraints. This project addresses a significant number of the
categories of constraints listed below.

Physical
The system must be capable of feeding 1500 Ib/h to three different pellet mills.

Economic

The process should be designed to reduce costs when built in order to maximize the profit
made from the sale of the pellets.

Environmental

Will reduce the smell of manure from being spread on nearby fields.

Ergonomical

N/A
Manufacturah:e

N/A (This design will produce a one of a kind machine)
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Health and S~f~ty

The design will incorporate the necessary guards to keep people’s fingers away from pinch
points.

Ethical

N/A

Political

N/A

Dr~quctivity

This design will need to be able to operate for hours at a time with no operator.
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Manure in Auger (lbs)

Auger dia (in) Area (in”2) Shaft Dia {in) Area {in*2) Total Area (in*2, Total Area (ft72) [ Auger Length (ft) I Auger Volume {ft*3)  Area lost from flighting (ft*2)
5 19.6 1.5 1.767 17.3 0.12 20 I 2.4 0.60 84.8
6 28.3 1.5 1.767 25.6 0.18 20 3.6 0.87 126.0
7 38.5 1.5 1.767 35.5 0.25 20 4.9 1.18 174.6 N
8 50.3 1.5 1.767 47.0 0.33 20 6.5 ! 1.54 230.7 1
9 63.6 1.5 1.767 59.9 0.42 20 8.3 1.95 294.2
10 78.5 1.5 1.767 74.4 0.52 20 10.3 | 2.41 365.3

Want to deliver 1500 Ibs/hr Auger Speed= 45 rpm

Weight (Ibs) Volume {gal) Volume (ftA3) 1 Density (Ibs/ft*3)
234 5 0.67 35.0
23 5 0.67 34.4
24 5 0.67 35.9
24 5 0.67 35.9
[ 238 5 0.67 35.6

Average= 5.4
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