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Abstract

The concept and development 0 E Bomfost Acceleratobis presented in this thesis. The
Compost Accelerator is a prototype design that implements several mechanical and
electronic systems to accelerate the decomposition process of biodegradable waste
materials through the use of livingorganisms worms, bacteia and fungi) in a process
called vermicomposting. The purpose is to complement the naturally occurring
decomposition of biodegradable materialvith the electrical and mechanical componentn
order to accelerate the process. The result of the overall sgtem is a solid and liquid
mixture of compost fertilizer, more nutrient rich than that produced through conventional
01 AOOOAI 6 Al i Pl OOET C8 4EA Cci Al EO OEOO OI i
easy to use. Secondary objectives include the erall optimization of the decomposition
process and making the prototype selfufficient and automatic. A thorough overview of
shredding methods, electronic sensors, and dynamic mechanisms is conducted prior to the
construction of the designed prototype. Tie constructed prototype is then tested through
operation cycles, with aims to improve design toward a finalized prototype that would be

market-ready.

1. Introduction

1.1 Problem Statement
The objective for this design is to facilitate the process of wastdecomposition for

household use. In a world that strives to become ever more efficient and ecologically

N s o~ A Lo~ N

AxAOAh OEA TAAA &£ O POAAOEAAI OCOAAT &8 OAAEI

political issue. The few currently available products in the rarket that offer household
waste decomposition require substantial, timeconsuming maintenance and preparation;
this characteristic thus deters consumers from the purchase and usage of such a product.
Improvements upon this field will appeal to a larger denographic and aid in making the

environmental effort more effective.
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1.2 Motivation

Recycling has increased considerably over the last 10 years but unfortunately due to higher
population and greater consumption, waste is still escalating. As a result, thisoject is

intended to reduce the amount of household waste entering landfillBiodegradable waste

accounts for almost 60 percent of urban solid waste according to the United States

%l OEOTT1 AT OA1T 001 OAAQGETT | CAT AU AOPITOBIBE M EAC
report lists and analyses waste by materials with organic waste listed as the largest
component. The household organic material includesommon items thrown away such as

banana peels, leftover food, and plain paper. Unlike several synthetic magds (plastics),

these materials naturally decompose into useable compost. Compost produced from such

waste is useful as a good natural fertilizer as well as a natural method of recycling organic

waste. Organic waste decomposes relatively slowlgnd in landfills, because no oxygen
penetrates through the waste saturated with water, it might take much longer for the
biodegradable material to decomposeAn acceleration of the decomposition rate therefore

would reduce the amount of time the waste stays stagnaneither at home or at a landfill.

Another drive for the creation of this process and the design of this product is the high

levels of toxicity that waste generates poisoning our air and water. Also the space of
landfills is limited and therefore costs ae higher raising taxes for residents. The food chain

is altered by removing the nutrients that the organic materials possess and drives the
agriculture sector to use chemical fertilizers to replenish their soil.

Subsequenty, x EOE OEA ET AOAAOGET Cl U b bffiehdy@roduddsDEAO T |
an appealing and marketable product is the key motivation for this project. A product that
accelerates the decomposition of household organic waste will appeal tmwnsumersthat

enAl OOACA OEA OCOAAT 11 OAI AT 606 1 OCufdbtlyBHerd ET 1 A
are afew products that serve a similar purposebut that require considerable human input

and still produce compost at a slow ratethus an innovative compost acceleratowould

appeal greatly in this market.
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1.3 Literature Survey

Municipal Solid Waste

The total waste produced in 2008 as reported by the Environmental Protection Agency was
250 million tons. As seen on figure 1, biodegradables (paper, food scraps, yard trinmgs
and wood) make up for more than 60 percent the total waste. Food waste is the number 1

least recycled material.

Food scraps
12.7%

Yard trimmings
13.2%

Wood
6.6%

Rubber, leather
and textiles
7.9%

Plastics
12.0%

Figurel: Total Municipal solid waste by material. (250 million tons total) [EPA]

Compost

Composting is the comersion of organic waste into a stable organic product that improves
soil fertility and increases the water capacity of the soil. It is also effective for plant growth
since it preserves nutrients as well as reducing harmful pathogens. As a result, the ude
compost is beneficial for production as it diminishes cost; reduced use of chemical
fertilizers; helps control pests and plant diseases as well as conservation of natural

resources.
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Compost can be used for:

9 Bioremediation and contaminationprevention
Disease control for plant life and animals
Erosion control

1
1
1 Composting of infected soils
1

Reforestation, swamp restoration, and habitat recovery

Microorganisms at Work

Microscopic cultures that eat away organic waste material are present ubiquitsly in
nature. The waste is transformed into water vapor and only about 25 percent remains as a
highly nutrient solid material called compost. This material is fibrous in texturebeneficial
for retaining water. It is also contains high levels of nitrogen which isisually difficult for

plants to obtain. Oxygen is essential for the survival of the microorganisms that make the

decomposition process possible.

Earth Worm Composting

Earthworm composting consist of the decomposition of organic matter by specific classof

x1 O | 2AA 7EQAOCAUdG2a8d AT BigeSts tAeDarteria and fungi that

grows on the organic waste and produces rich composthat can beused as a naral

fertilizer. The processed substance is known as casting and is a rich natural fertilizer that

POl i T OAO A EECEAO OAOA 1T &£ COI 5QiEes thé avaddblAT OO 8
nitrogen, 7 times the available phosphorus, 3 times the exchangdalmagnesium, 11 times

the available potasiumh AT A p8u OEI AO OEA AAl AEOIRedEl O7 A
wigglers eat about half thei own body weight per day, thusl kg of worms will consume

about 500grams of wastea day.

Basic Worm farming

Redwigglers need a convenient cool and moist environment to live in. Ideal temperature
for Red Wigglersranges between 50 to 80 degrees Fahrenheit anithe worm specimens
should not be exposed to direct sunifemperature outside this range can be fatal for theed

wigglers. Lower temperatures (usually occurring duringwinter) slow down their activity.
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Humidity is essentialfor these creatures since the wormsneed a moist skin in order to

breath. Air circulation is neededas well for their subsistence.

Phylum Annelida

Earth worms (Lumbricus Terrestris) belong to several genera, the most common of which
are Lumbricus and Allolobophora. The differences between these are minimal and
therefore any one of the two types will serve its purpose for this project. The Inobricus
Terrestris as shown in Figure2, burrow into the soil and live on organic matter which is
ingested with significant quantity of earth. This mix 6 organic matter and soil, known as
O A A O Gphisged fiom the bodyon to the surface of the ground The mixture is therefore
spread out constantly on the surface of the soil. Darwin calculated that in the course of a
year, a layer of earth about one fifth of an inch in thickness is brought to the surface. The

earth worms continually plow and fertilize the soil making it beneficial for plant growth.

Anus
I — Cliteilum
Intestine
Gizzord Septum

- Muscle layers
Nephridium

— Coelom
Esophagus

Crop
Blood vessels ——

Ovary

’[ Spém'l duct
/ Seminal receptacle
Pharynx F v Ganglion

Nerve cord

Figure2: Anatomic diagram of Phylum Annelida [2]
4EARA xT O 60 AT AU EO AUl ET AOEAAT ET OEADPA AT A A
segments that are rather longer in thefrontal section than they are further back. The

crawling movements are the effect of a contraction and extension of its body with the
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anterior end moving forward. The worm excretes the mixture of organic matter with soll

by the anus suggesting a digeste/system exists.

Digestive system

The digestive system is divided into several segments starting with the enteric canal as
shown in Figure 2 shows. The mouth is bounded by a soft lip leading into a buccal cavity
that extends through a number of segmentthat are connected radially to the walls of the
body. The worm feeds by turning the buccal cavity inside out and the muscles serve to
dilate the alimentary canal as well as to draw it in. The alimentary cavity is connected to an
esophagus in conjunction ® two pouches that contain substances that neutralize the acids
present in the food swallowed. The pouches open into the gullet, which communicates with
a gizzard made out of thick muscular walls. Then the processed substance passes through
the intestine which extends to the anus. The process is gradually forced backwards due to
muscles contraction and body movements. The worm excretes the mixture of organic

material along with the indigestible material by the anus.

Structure Material/ Corrosion

In a machine that is to work with dirt, biological castings, and decomposing waste, it is
expected that the components of this machine will be subject to hazardous environments
where corrosion is likely to take place. This is especially true for metallic compents and
components in direct contact with the hazardous environment. Anticipated degradation of

OEA bDpOi 01 OUPAGO AT i BITAT OO EO Al EI BT OOAT O
construction of both the prototype and the final product. In order to be ablao fully

consider the degradation of the prototype system, it is imperative that further study is

placed upon metal corrosion and its potential in this project.

The spontaneous oxidation of metals, which reduces the service life of articles is known as
corrosion (15). This oxidation is a chemical process that undergoes at the boundary layer
between two reactive mediums. The medium in which the metal undergoes corrosion is
OAOT AA A OAT 00T EGAOADAEDALN AHé &xdédon chemical
reaction, however, is not always detrimental to the function of the component. The term
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individual component or system, otherwise, thet®i O GEAAOET T 6 EO OOAAS

Water
The most significant factor in contributing to corrosion is the moisture of the environment.
The humidity of the atmosphere encompassing is known to greatly accelerate the

deterioration of metallic materials over time. It was&l OT A OEAO 111U AAUIT1
EOIi EAEOUOG xEI1T OEA OAPEA AAAAI AOCGAOGETT 1T & Al O
appreciated until a method was developed for measuring the percentage of time when this

critical humidity is exceeded (4). This petiod of time is known as timeof-wetness. The
time-of-wetness is defined in terms of conditions of relative humidity that will result in an

adequate film of water on a metal surface to facilitate the highest rate of electrochemical

reaction that is oxidation (14). Figure 3 depicts how time-of-wetness and contact with

water affects the corrosion rate of particular regions. It can be observed that the corrosion

is concentrated around the joint between the copper pipe and the wall of the water tank

due to the fact that this area experiences the largest timef-wetness.

Figure3: Corrosion Dudo Moisture [18]
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Atmosphere

Atmospheric corrosion is dependent on two major factors: water and oxygen. The absence
of any of these two factors Wl generally yield no oxidation reactions (13). The rate of
corrosion is usually dependent on other factors in the atmosphere such as the amount of

sulfur dioxide, aggressive salts, and percent humidity.

Sulfur Dioxide [SO;]

Sulfur dioxide, as seen inits crystalline form in Figure 4, is a compound that is usually
present in industrial regions and is regarded as a pollutant. The relationship between
concentration of sulfur dioxide in the atmosphere and corrosion rate of iron and zinc
shows that sulfur dioxide is a significant factor in metal corrosion. However, the sulfur
dioxide was found to accelerate the corrosion process of metal only when paired with
humidity or moisture. It was found that once corrosion products are formed, there is a
decrease inthe level of humidity at which high rates of adsorption of sulfur dioxide may be
observed (14). It has been observed that sulfate is found in bands at the metaist

interface during active corrosion, thus suggesting that there is a complex interaction

between sulfur dioxide in the atmosphere and the subjected metal.

Figure4: Sulfur dioxide in crystalline fornfil 7]
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Chlorides

Salts are observed to accelerate the corrosion process as well. Although the majority of
corrosion tests have been formed with the intention of understanding sea salts and
corrosion in a marine environment, soil is known to have a small concentration of salts in it
as well. The concentration of salts in the soil is, however, generally related inversely taeth
distance between the location of the soil sample and the sea coast. The salts are known to
accelerate the corrosion process due to the presence of chloride; an element subject to
ionic bonding due to certain electrical properties. Such results from sa#nhanced
corrosion can be seen on the bolt head iRigure 5. This bolt was retrieved from a salt spray
testing lab where saltenhanced corrosion tests are performed. The electrical properties of
this element are observed to increase the corrosivity of the aggressive medium and

accelerate the corrosion process.

Figure5: Corrosion Due to Salt

Soil Corrosion

It can beseen in Tablel that the corrosion rate is accelerated by the presence of soil at the
corrosive medium and consequentially produces a corrosion rate higher than in
atmosphere. The corrosivity of soils is generally related inversely to their electric
resistivity. Hence, a lowsoil resistivity results in a high corrosivity and vice versa. However,
OEA OI EI 60 OAOGEOOEOEOU EO A Al 1 OANOAT AA
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therefore it can be understood that the accelerated corrosion brought forth by the soil is
due in main part to the water and salts in the soil. Conversely, corrosion is limited at great
depths due tolow oxygen replenishment, but sulphatereducing bacteria may cause high

corrosion rates in these areas13).

Tablel: Corrosion able for soil

Corrosion in um in 10 years

Air Water Soil
Indust- Urban Rural River Sea Bard. " Highly' ' ‘Corro= Slight-
rial water water tap corTor: -8ivel  fly ecor-—
water sive rosive

Unpro-
tected
steel 1000 500 100 500 1000 100 1000 300 50
Zinc—
coated
steel 100 50 20 300 200 150 150 100 30
Aluminium 5 3
alloys 107 0.5 350 35 5
Copper 10 5 30 15 5

Pits may be 5 times as deep as the average thickness reduction

N

" " n 10 " n n n n n n "

3 " " n 100 n n n n n n " "

Corrosion Prevention
Corrosion can be inhibited, and in some cases completely prevented from, with the practice
of certain techniques. There are three main methods that help inhibit metal corrosion and
extend the service life of a certaicromponent (15):

1. Isolation of the metalsurface from the aggressive medium.

2. Deactivation of the aggressive medium to reduce its corrosivity.

3. Maintenance of a thermodynamic state of the metal at which its oxidation is

thermodynamically inhibited or impossible.
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The isolation of the metal from theaggressive medium is the most popular method of
protection from corrosion. The protective barrier must be composed of a material that is
not porous, is inert to the metal to which is applied, and is inert to the aggressive medium.
This barrier can be madeof many forms such as varnishes, enamels, linings, plates, and
other coatings. Other barriers can be composed of metals with lower rates of corrosion to
the active medium such as zinc, nickel, or chromium layers. Some metals have the
capability of corroding into apassive state known agpassivation(15). This occurswhen the
metal forms a coating with its corroded oxide layer which results in a severely reduced rate
of corrosion. A common example of a metal that utilizes this passive state is stainlesseste
As seenin Figure 6 stainless steel is used often in the culinary and aerospace industry due

to its passivation features.

Figure6: Stainless Steel merchandis&9)

Deactivation of the aggressive medium can take on a few fos. One method of deactivating
the medium is by reducing the concentration of th@xidizing agent (15). Anexample of this
can be observed in thermal power plants where the corrosive medium is water and the
oxidizing agent is the oxygen molecules presentithe water. By reducing the oxygen levels
of the water, the corrosive medium is reduced in its aggressiveness. This method proves to

be effective, but cannot be feasibly performed in atmospheric situations and is very costly.
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The third method consists ofpolarizing the metal in a fashion that generates a much more
negative electrode potential than the aggressivenedium (15). This largenegative electric

potential causes the oxidation process to be virtually impossible and preserves the
condition of the metal. This method requires the corrosive medium to be of liquid form as
well as a current to be constantly running through the metal, thus making this method

unfeasible for implementation in atmospheric situations.

Threaded, Riveted, and Screwed Joints

Threaded and screwed joints have the types of surfaces that allow for small nooks and
crevices where oxidation can occur. Moreover, coldiorked surfaces, such as rivets and
threads tend to corrode faster than hotworked metal surfaces (3). It is recommended
that for constructions that require regular dismantling and remounting, the threads of the
screws and bolts used should be well lubricated with ruspreventing grease. This grease
provides an airtight barrier between the corrosive medium and the surfae of the metal
screw or bolt. Nevertheless, it is advised that the threads used be treated with a zinc
chromate primer in a process known agjalvanization. A galvanized component usually has

a characteristic bluish hue due to its zinc chromate coating; agenin Figure 7.

Figure7: Galvanized Bolt and nuy21]

The galvanization process is rather inexpensive and is a popular option in many industies
where metal corrosion is a factor. However, it is important to note that when using
galvanized bolt joints, both the bolt and its respective nut should be properly g§anized

(13). Joints such as these are dependent on two or more elements for their proper
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functioning, and they are only as strong as their weakest element. Failure to galvanize both
bolt and nut will leave a weak element in the joint, therefore resultingn a joint that is

equally as susceptible to corrosion as it was before it was galvanized.
Shredder Design

There are different shredder types for all the applications. Despite the fact that shredders
are implicated into these various applications, their rain goal is the sameto tear and cut
material into smaller pieces. Before the proper shredder design can be chosen, an overview

of possible designs is needed.
Paper-Shredding Type

This category of shredder is precisely designed for the shredding ektremely thin waste,

or more specificall paper. Paper shredders are usually found in offices that hold
important documents. The disposal of informatiorsensitive documents requires the
obliteration of such documents in a way that does not allow for theonventional collection

of their information. Shredders are composed of metal blocks with sharp edges or blades
inside, and these blades are staggered front and back [8]. The metal blocks pull the paper

through the shredding blades when the shredder is wding.
Other Document Disabling Shredder Types

In the case that further protection against information embezzlement is needed, there is
another type of paper shredder that involves the use of a crosautter. This type of paper
shredder is known as a crossutting shredder and works exactly like a normal paper
shredder, except for the fact that the addition of the crossutter allows for an output of
smaller paper shreds. Other shredders like CD/DVD shredders are able to shred thin sheets
of plastic into piees. These shredders work exactly the same way as cresgting

shredders except for the fact that they use strongeblades for plastic shredding (0).
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Wood-Chipper Design

Wood-chippers are used to cut tree branches and leaves into smaller, more manageabl
pieces or chips. Wooethippers are usually powered by a strong power plant such as an
engine or an electric motor with a reducing gearbox. Although they come in many different
sizes for different sized material, woodchippers use the same basic shredding
mechanisms. Many chippers use sharp blades, all of which are attached to three or four
rotating shafts. These shafts are parallel to each other and are used to shave the tree
branches into smaller, elongated pieces. With each successive pass through theisafts,

the tree branch size decreases. The woethipper might also feature intermeshing blades

OEAO AOA AAT A O bDOIii OEA AOAT AEAO AT A -OOEAEC

AAAAET Gobipper.l Thidintermeshing additionally yields a nore thorough cutting of

the branches and sticks, but also slowdown the wood-chipping process Q).

Op Amp

An operational amplifier (Op-Amp) is an electronic DC current device used to amplify
voltage. The Op amp can produce a large gain controlled by itegative feedback. A
common Op Amp has two voltage input terminals and a voltage output terminal. The ideal
Op Amp is assumed to have infinite input impedance, zero output impedance, infinite gain

and infinite bandwidth.

o« W
Offset Null E 741 Op. Amp. E Not Connected (NC)
Inverting (—) E ------- E V+ (Power)
Non-Inverting (+) E:::D.—LZI Output
(Power) V— IZ ------- 1 E' Offset Null

Figure8: LM741CN Op Amp

The configuration used for this project is a nofinverting circuit connected as following:
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m .

Figure9: Op Amp Nornverting Configuration

1 Va

-

The relationship between input voltage signal (¥) and the resistors andoutput voltage

signal (\2) is presented by the following equation

: : Yz
Woo = Wp(l+ )
1
Relay
A Relay is a switchoperated electrically. The relay can be implemented to control one or

more circuits by one single signal.

‘ contacts

contral Coil [oad
side side

pivot

core

FigurelO: Electromechanical Relay

A mechanical relay functionsthrough the use of an electromagnet. The relafunctions by
creating a magnetic field when a current is sent through a coil which pulls on a steel paddle.
The paddle is free to move and when theurrent passes through the coil, the paddle
touches a stationary paddle closing the circuit and allowing a large amount of power to
flow. The coil usually requires a small amount of power (5VDC @ 80mA) which can be

controlled by the voltage output of a mirocontroller. A relay can be used to control Direct
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Current as well as Alternating Current without having any feedback back into the

microcontroller.

Heating Element

A heating elementworks by converting electricity into heat through the pass of current
through a conductor; as it encounter resistance the element heats up. Most heating
elements are made out of nickel and chromium (Nichrome) wire with a composition of
80/20 respectively. This material is ideal because of its high resistance as well as the fact

that it will not oxidize, preventing the wire from burning out.

Heating rods consist of a Nichrome coil insulated and sealed inside a tubular element
usually made out of brass or tainless steel. The rods can be curved to cover more surface

area or to fit in smaller spaces.

Cast Iron
Cast iron is able to withstand and maintain high temperatureand possesses excellent heat
diffusion and retention properties. The nonstick surface is ideal for this process since the

surface will be in direct contact with the waste.

Board -mount Temperature Sensor/Thermostat

JJJ‘

Figurell Board-mount Temperature Sensor
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Figurel2 Example of Heat Shut Off Circuit

Like a temperature probe, this temperature sensor, supplied by Mouser, is made to
measure temperature. However, unlike the probe, which outputs analagignals, this sensor
is an integrated circuit and is thus able to output digital signals to the BS2 stamp. Like other
components used in the prototype design, this circuit is of the DIP variety and is therefore
easily integrated onto a breadboard. This sesor will be placed inside the heating chamber
and measure the temperature increases that occur during the heating cycle. Because the
waste is simply being heated for a period of time to promote bacteria growth and thus
accelerate decomposition, the temperare fluctuations are not as affecting to the overall
process as in the vermicomposting chamber. Very high temperatures, however, not only
pose a danger to the prototype but to anyiuman users interacting with the device. This
sensor will thus act as a shutoffridicator for the system. Therefore, power would be cut off
immediately when temperatures rise far beyond a set control temperature. This safety

feature greatly reduces the risk of fire and danger

1.4 Discussion

Designing a system that implements mecharat and electrical components to enhance the
natural process of living organisms is challenging but as a team we see the potential to

create a product that is efficient, safe and marketable. It will be an automated system that
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will not only accelerate the d&ecomposition process but that will decrease human input as

well.

2. Project Formulation

2.1 Overview

The project requires special attention to the design and implementation of the different
components in order to create a safe system fothe living organisms as well as the
operator. The system will include heating elements, shredding mechanisms, cooling
systems, circuits and compartments which require particular consideration since the living
organisms are essential for the acceleration of the biwvaste and the production of the

nutrient rich end-product.

2.2 Project Objectives
The final prototype design of the compost accelerator needs to fulfill certain requirements
OAO &I OOE ET 1T OAAO Oi A1 OOOA OOAAAGMEDO EI BI A
these requirements is looked for in the process of evaluating the concept design
alternatives. If any design concept is not able to meet any one of these requirements, it will
have to be changed or discarded.
The general requirements are as fatiws. The prototype must:

1- Be inexpensive, overall

2- Be easyto use

3- Be compact in size

4- Work autonomously

5- Work cleanly

6- Not attract unwanted insects or pests

Fortunately, some of these requirements can be met with a few adaptations to any concept.

Examples of tlese adaptations can be the addition of a battery and sensors for automation,
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or the addition of a lid or a seal in order to keep pests away. The other requirements,

however, must be met by the arrangement and structure of the prototype.

2.3 Design Specifications

The system will consist of a prereatment compartment of the bio-waste which will soften
and increase bacteria population through the use of heating resistances and air flow
components. The shredding of the biavaste will allow a greater oxygenatim area which
will increase the rate of decomposition of the biematerial. The waste will then pass to the
vermi-Al | BT OOET ¢ AEAI AAO ET xEEAE OEA O, 01 AOEAOD(
what we refer to as the end product; nutrient rich fertilizer. Inthis compartment, the use of
temperature and humidity sensors will be employed to monitor and trigger ambient
regulation systemsin order to keep the chamber within aspecified temperature and
humidity range which is optimal forthex T O 06 AT 1 GOI POET 1T O0OAO
The system is designed to be used indoors or outdoors but our intent is to create a product
that can be implemented in apartments without any major inconveniences. This implies
that the product to be designed has to be compact, quiet and odorless coresidg that the
process involves decomposition of waste. It will also be automated making an appealing

and comfortable product for the consumer since human input is decreased.

2.4 Constrains and Other Considerations

One of the main constrains for this pract is the separation of the worms from the end

product. The worms naturally tend to eatupward and therefore leave the digested waste
underneath. Their natural behavior provides a viable way to separate the two but it will
dependsignificanty i T OEA x1 0i 80 AAOQOET 1O xEEAE [ ECEO 11
they are living organisms andcan not be programmed. Another consideration that can be

taken into account for the separation is the photophobic nature of the worms; the

O, Oi AOEA GXE DA VMO GOAOU OAT OE OEddAot Kale eje€addE O8 ! 1
AAT 60 OAAh OEAU EAOA OAT 0T OU AAI T O xEEAE AOA

This condition can be beneficial to the separation processecause theworms will hide
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from the light and therefore separatefrom the end-product if light is implemented in the

last stage.

The overall system is targeted as a green product and therefore the electrical power

required to operate the system has to be carefully considered; a green proddc OET O1 AT 8 C
consume too much power. This is probably the biggest constrain since a shredding
mechanism and heating elementsare expected to require a largeamount of power.

#1 1 OEAAOET ¢ OEAO OEA OUOOAI AT AT AT OO x1180 A
might be kept to a minimum. Elements that are efficient and therefore consume less power

should be heavily considered when deciding what components to put into operation on this

project.

3. Market Research

The taste and preferences of the twenty first agury are shifting considerably with a
growing concern for the environment. It is very important to understand that the
relationship between businesses and the environment is progressively increasing in
significance. The market is shifting and new entrepmeeurial systems are starting to be
implemented. The shift is taking place because there is a civic concern on the rise about
AAT1 T CEAAT EOOOAO OACAOAET ¢ OEA EOI AT &1 OPOE
this new world-wide mentality, the demand for environmentally friendly products is
expanding. A market that was once a small fraction of our economy is growing at an
increasing rate.This new inclination for the care of our planet is definitely shaping the way
we consume, as well as the way wproduce. The new increasing trend forces the private

sector to implement new solutions to help solve environmental challenges.

4EA OEEAZO EI DPOAEAOAT ARG ET AOAAOGAO AAT AT A A C
Ei PAAOS 11 OEA AT OGEOITTIi AT 08 4EA AAI AT A £ O OE
we see changes in manufacturing processes as well as new business tacticenamies are

changing the way they function in order to be able to compete financially speaking by
OAEET ¢ PAOO E1T OEEO OT Ax [ AOEAOG68 . Ax [ AOET A
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compromising production cost.

From renewable energies to power machineries to inputs that are biodegradable and
ecologically friendly, corporations are working to maximize profit by providing consumers

with products/services according to the nev standards. It is believed that a more proactive

role from the private sector is indispensable to help meet the greatest environmental
challenges. Even though firms are coming up with new methods and products that have a

1T x TACAOEOA EIAAARA RO BAG MOTGAD TTOVAET 606 xAU 1

it is simply an effect caused by the change in taste and preferences.

3.1 Factors That Influence Taste and Preference

A growing interest for the planet is on the rise and the concerns about climathange and
the green house effect are inducing a conscious attitude about the choices being made.
#1171 OANOAT 01 uh xA OAA A CcOiI xET ¢ CcilTAAl 1 AOEAQ
driven by the understanding about consumption and production consequense People are
becoming aware of the effects of the human print in the planet and with the constant
consumerism; a large quantity of environmental groups has being campaigning. Due to the
attention received about the matter, a vast number of issues are @ekssed and the
concerns are presented on the mainstream news more often. Even though the trend for the
care of our planet is still in its early phases, conservationists have finally achieved a
growing tendency. We are constantly reminded of the catastrdyc effects that will take
place if we continue consuming like we consume, and therefore produce (demand
influences production). Television is playing an important role as all these effects are
transmitted to us from commercials to movies that expose theeality of our impact in the
world. Internet has also become a crucial tool that is helping people to communicate their
ideas inexpensively but particularly quick manner. Through these tools we notice that our
consumption and production of chemicals are baming extremely harmful to human
health. Pollution and the use of chemical products is having repercussions as we see birth

defects, abnormalities in our immune system and other factors that influence the
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increasing rate of development of cancer in the hman population. We also observe that it

affects the biosphere as we see habitat destruction, €@missions, nuclear waste and many

other implications of our inattention. What is true is that every living system on earth is in

decline. And we are all beconmg conscious of the effect we have and the choices we make

ET OAl1I AOET 1T O #ZO0OOOA OAPAOAOOOEIT O8 31 xEOE
some products over others. For instance, demand for healthy food is a derived preference

of the trend. Peple are now willing to pay a higher price for goods that are organic.
Organic foodsfor example are made with certain production standards that are free from
contamination by human or industrial waste and that are grown without the use of
pesticides or fatilizers that can be damaging to the earth as well as to our health. Organic

foods also include livestock in which the animal is usually fed a healthy diet and is raised
xEOET OO0 OEA OOA 1T &£ ETOITTAO 10O Al OEA&ih®@EAOS8 !
faster growth makes the products costly as it is time consuming. The rate of organic food
production has increased considerably at a fast rate which is evidence of the increasing

demand for these types of products:

05838 OAIlI AO 1 Aevdrages AaveegPowndrorh $1 biidn & 1980

to an estimated $20 billion in 2007. Organic food sales are anticipated to

ET ACAAOGA AT AOGAOACA T &£ py PDAOAAT O AAAE UAA
3.2 Market Production
Because of the decrease in natural resourceE A U AOA 11 111 CAO OEAxAA |
and therefore production requires a reconsideration of how processes are measured and
managed. Newproduction decisions therefore arisethat draw attention to the available
natural resources. These production dcisions consider the expenditures in order to guard
and conserve ecosystems. Over time, manufacturers have had to modify the way they
DOl AOGAA OEAEO CITAO AT A OAOOGEAAOG ET 1 OAAO OI

new principles.
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3.3 Commercial ly Available Products

Worm Factory 360

The worm factory is an upward migrating composting worm bin system as seen on Figure
13 that uses worms to produce compost efficiently. It is intended for indoor composting
but can be used outdoors as well. This syste allows for the addition of more trays if an
increase in capacity is needed.

The Worm Factory also produces a second type of compost besides the worm castings that
are produced through this process. As waste is broken down, moisture filters through the
factory of worms, dragging nutrientrich particles with it. This liquid fertilizer, known as

leachate is gathered in the collection tray of the worm factory.

— Lid

4 ﬂ’—WorkingTray
s q— Processing Tray #1

P — Processing Tray #2
~— Collection Tray

g — Holding Tray

f’_’ﬁ ﬁ ~— Base

Figurel3: Worm Factory [5]

Nature Mill XE Composter

The nature mill composter works by optimizing conditions through mixing, airflow,

moisture and heat as shown in figurel4. It is then transferred to a lower tray. The compost
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is broken down by bacteria and odors are avoided by a carbon filter along withfan which
oxygenates the system. The end product is a concentrated compost fertilizer ready to be
use for gardening. The cost of this product is $299.00 with a power consumption of 5
kwh/month. It is estimated that the compost should be ready every 2 wé&s. This device
recycles its waste over a 10 day period diverting over 2 tons of waste from landfills over its

life.

MIXING CHAMBER

Mix bar
— Motor

(hidden)

i‘ :: —— Pump
- (hidden)

Trap door )
—— Filter

Latches (2) (hidden)

Heater

CURE TRAY : | Dripuay

Cure door

.....

Power supply

.-
------

Figurel4: Nature Mill Composter (nature Mill)

Bosch AXT 2200 Quiet Garden Shredder

This shredder is specifically designed to cut and grind garden clippings and waste into
smaller pieces. The design allows for the input of various types of waste; from medium
sized branches to leaves and twigs. This garden waste can then be used as composis
mulch. It is powered by a 2.2 kW electric motor that drives a toothed roller against a metal
plate, as shown in the insert in Figurel5. Resources inform that this product is able to

shred branches up to 40 mm in diameter and expel them as 1 in. phi Although this
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product is not a composter, it features the shredding mechanism which may be used by the

proposed design.

Figurel5: Bosch AXT 220 Quiet Garden Shredder [7]

3.4 Marketing and Advertisement

A new market has beerdeveloping and corporations understand their need to adapt and
implement new tactics if they want to compete. They are shifting because they know that
this new market requires them to adjust considerably. With this transformation they see
that there is a comparative advantage. They portray an image and a will to listen, to
understand and to work for the wellness of the planet that will ultimately benefit the
human race. Their image is therefore created and shaped through marketing and
advertisement. We are bombarded on a daily basis with commercials from firms
announcing their determination to do everything in their power to develop alternative
manufacturing strategies that are not damaging to our planet. Evidently this is a marketing
strategy trying to attract population who are part of the trend. Some people speculate that
corporations are exploiting the trend by "green brainwashing" the consumers on ethical
consumerism. Bottled water, for example, has significantly increased their sales.

Companies now ctegorize water depending on the source where it comes from and the
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treatment it has had. It is the art of the exploitation of the trend in order to attract

consumers.

Businesses advertise using psychological tools to imply that the consumption of their
product will be part of the solution to the effects of our unattended consumption choices. In
a profit driven market, marketing and advertisement is a valuable tool to increase demand
and attract customers. They are utilizing the green trend to their advaagge. The change in
the way firms are portrayed has changed, and the trend is notorious in advertisement and
marketing now days. They are suggesting that they are aware of the repercussions of our
consumption and create a reflection to probably fit in to ¢her increase demand for their

products or keep current clientele from buying from another entity.

4. Design Alternatives

4.1 Overview of Conceptual Designs Developed

During the process of conceptual design development, several designs were envisioned and
embellished upon. The different setups of each concept allowed for the use of different
components and features. The concepts were compared with one another on the grounds

of whether or not the design met all the requirements set in the project objectives.

4.2 Design Alternate |

The first design concept features the use of a large square shaped shredding area. In this
area, the shredding mechanism, much like a paper shredder, will consist of long rollers
with sharp teeth. The large shredding area provided by these rollers allowsif very quick
and effective shredding. Although the larger shredding area is appealing, one must take
into account that the larger area also requires the use of more shredding rollers, which in
turn entails the use of a higher power motor to turn the rolles. A lid covers the shredder
when it is not being used, thus preventing any animals or insects from infiltrating the
decomposition tank. Following immediately after the shredder mechanism is the
decomposition tank, where the shredded material is left to & decomposed and consumed
by the biological organisms. Inside this tank, the temperature and humidity will be kept at
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an optimum level for the fastest consumption rate. As the organisms consume the waste,
they travel upwards and away from the bottom drawer From the bottom drawer, the

fertile excrements, compost, and liquids can be collected.

Figurel6: Concept Design 1

4.3 Design Alternate Il

This second concept features the same system sequence; however, the entire system is
carried out on an incline. In this arrangement, the shredding mechanism can be smaller and
located in a strategic location. By making the shredding mechanism smaller, the shredder
will work more slowly, but will not require a high-power motor or a complex sysem of
shredding rollers to function. The shreds of waste will then slide down the incline and
settle evenly. By having the process work on an incline as opposed to vertically, the
removal of the compost and liquid will be easier on the user. The organismsll consume

the waste and travel up the incline, away from the collection drawer. On the negative
aspect, the design requires more ground for stability and consequently takes up more

space.
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Figurel7: Concept Design 2

4.4 Design Alternate Il

This third concept is much like the setup of the first concept. The main difference that sets
this concept apart from the other two is the fact that it involves the use of a rotary shredder
instead of a roller shredder mechanism. The rotarghredder will allow for the quicker and
more thorough shredding of waste materials with a relatively small amount of power. The
smaller scraps that result from the rotary shredder will most likely allow for faster
consumption by the organisms, however, th small intake restricts the size of the waste to
the diameter of the shredder blades. The rest of the structure is similar and works the same

way as that of the first concept.

Figurel8: Concept Design 3
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4.4 Feasibility Assessment

After the consideration of the feasibility of prototype construction and overall success,

several factors of previous design alternatives had to be altered.

One factor of previous concepts was the implementation of photovoltaic cells to the

exterior of the prototype body. These photovoltaic cells were thought to be able to charge

the batteries of the prototype, thus making the prototype selBustaining and energy

efficient. Although the idea of creating a selustaining prototype was very attractive, i

proved not to be very feasible. This is due to the fact that the solar panels required to

power the prototype would have to be unconventionally large and cumbersome. The solar

cells as well as the battery pack that the solar cells would charge would alpove to be

very costly- a factor that is desired to be kept at a minimum in order to keep maximum
marketability.

Another factor that had to be altered was the method of shredding to be undertaken by the
prototype. Previously, a shredding mechanism was tlught to be designed and constructed

from raw materials. Upon a feasibility analysis, this approach proved to be very time
consuming, costly, and unnecessary. Due to the fact that there are many mechanisms
available in the market that are able to perform e shredding task required by the

prototype, it was more feasible to purchase a product that was able to perform the task and

integrate it into the prototype. This approach led to the purchase of a food processor which

was able to shred the materials sucasfully and its implementation into the prototype
construction.

The programming and components of the environmental control portion of the prototype

xAO EEOOO AAEI C OOAA xEOE -EEOI AAOGEAA AO OE
Unfortunately, many of theelectronic components available in the market were not easily

Al i PAOEAT A xEOE -EEOI AAOGEAA AT A OEAOAAE OA b
operation of the environmental control difficult and time-consuming. It was then concluded

that it would be considerebly more feasible to use a program compiler that is more

universal and allows for a larger amount of compatibility. After searching for a more

O1 EOAOOAT AT i1 PEI AOh A OUOOAI ETT xT AO OEA" AOE
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significantly more costly, this system was found to accept a larger amount of electronic

components as well as allow for much easier compatibility of circuit components.

4.5 Proposed Design

The design chosen for a prototype construction must satisfy most if not all the
requirements stated earlier in the project objectives. The chosen design is the first concept
design as seen in Figurd6. Due to the simple geometry of its components, this concept is
predicted to be the most costefficient of the three designs. Just like the other two design
concepts, the first concept is observed to be simple to use and does metjuire much
maintenance.The design involves a system that works vertically, thus allowing for a more
compact design. There is also a substantial amount of space and locations where sensors
and other electronics may be positioned, allowing the prototype to function autonomously.
Moreover, the design features a lid which allows for clean functioning and inhibits the

infiltration of pests and insects.

4.6 System Implementation Expenses

The main implementation expense would be the electrical power required to run the
system. This intudes current you get from the household electrical outlet as well as a 9V
battery to power the board of education. Another implementation expense is the living
organisms that will be housed on the third chamber (The red wigglers). It is estimated that
a pound of worms (about 1000 units) are enough to start the process efficiently since the

creatures reproduce quickly.

4.7 Low Maintenance Requirements

Maintenance is minimal, the worms are tough creatures and therefore do not require
delicate care. Cleaning of the drawers and the outside system might be required whenever
needed. Changing the 9V battery to power the BS2 is a maintenance requirement estiaca

to be replaced once a year.
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4.8 Precautionary Safeguards

In order to ensure the safety of the operator, several safety precautions have been carried
out in the designing of the compost accelerator.

One of the safety concerns is the inadvertent actitian of the shredder. This was clearly a
dangerous feature of the prototype and the implementation of safety features to this
portion of the prototype is essential. In order to satisfy this safety requirement a cuff
switch was implemented into the circut that powers the shredding mechanism. In addition
to the button that the operator will use in order to start the shredder, a safety switch was
placed where the lid of the prototype lies. When closed, the lid maintains the safety switch
pressed which, inturn, completes that section of the circuit and allows for the safe
operation of the shredder. If at any time, the lid is opened, the safety switch is then
released, thus breaking the circuit and manually shutting down the shredder. In this
manner, the shedder cannot be operated with the lid opened and the operator will not
have a risk of injuring him/herself.

Another safety concern is the operating temperature of the heating element that is used to
preheat the waste. This heating element poses a safetygkito the prototype structure as
well as the biological organisms within the prototype. If the heating element becomes too
hot, it can overheat circuit components, melt structural components, or cause waste
material to enter the worm chamber at temperatues too high for consumption. In order to
avoid these circumstances, a thermal sensor was implemented into the construction of the
heating chamber. This thermal sensor constantly sends temperature readings to the
microcontroller that operates the environmertal control. If the temperature reaches past a
safe maximum, the microcontroller cuts off the power to the environmental control system.
The operator can then reset microcontroller and reactivate the environmental control
system.

The final safety precautia is the implementation of a manual override switch. This switch
is found on the exterior of the prototype frame and is able to cebff the power to the entire
machine. This switch overrides all other sensors and switches and is to be used only for
emergercies. The manual override switch is implemented as a redundancy safety factor, in
the event that all other safety precautions fail.
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4.9 Resource Conservation

Due to the fact that compost accelerator prototype is to be marketed in an
environmentally-aware market, the conservation of energy is crucial. In order to keep the
compost accelerator as energgonservative as possible, components of its design are
powered only when needed. The shredding portion of the prototype is activated by a
button and will only run as the button is pressed. The operator is to press the shredding
button only after waste is dumped into the shredding chamber, so the shredder will remain
inactive and unpowered the majority of the time. The same concept applies to the heating
element located within the heating chamber. This heating element will only function with
activation from a microprocessor and this microprocessor is programmed to apply current
to the heating element for a set period of time. Once this set time period has passtu

microprocessor ceases from applying current to the heating element.

4.10 Discussion

After extensive research and analysis, the team agreed on the feasibility of the first
proposed design. It is realistic to proceed to construct a prototype with the esbired
features. The electrical and mechanical components have to operate in compliance with

each other and they should not interfere negatively with the living organisms of the system.

5. Project Management

5.1 Overview

The specific tasks to be compted are chosen by each member according to personal
preference. The major tasks such as conceptual and structural design, testing and report
are performed by all three members. Each member is expected to be respectful and to have
good work ethics in order to accomplish a pleasing experience when developing this

project.

5.2 Breakdown of Work into Specific Tasks
Parts List z A list of all the components necessary to create a working prototype that will

achieve the specified goals.
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Cost Estimate & Purchasez A cost estimation of the components and purchase of such
keeping organized records to divide cost among members.

Shredding Mechanism z Choosing a shredding mechanism considering the material to be
shredded that is efficient as well as compact and quiet.

Heating System z Decide on a viable and safe heating system that is able to keep the
environment to the desired temperature.

Humidity System z Choosing a practical humidity system that is able to keep the
environment to the preferred moisture.

Program Development z The program is designed to control temperature and humidity
sensors. It will also provide safety features including power kill commands. The program
will also monitor conditions and will turn on or off cooling/ heating systems as wellas
humidify the environment.

Circuitry Implementation z A circuit containing the microcontroller along with the
necessary components such as sensorsjays,LCD screen, etc to control the system.
Calibration z Different sensors will be used and calibation is essential for their
performance.Temperature sensors can be calibrated.

Construction of Prototype z The final prototype construction will implement all
components into a compact design. All components must be integrated to function without
affeding performance.

Senior Design Reportz The project is presented in a writtenreport that will describe the
idea and objectives wished to be accomplished. A procedure for the construction of a
prototype is presented and explained in detail along with thecomponents used. The
constrains as well as considerations taken into account when producing the first model are
explained on the report as well as testing data and performance review.

Adjustments z Any adjustments or changes to the system that wiknhance or improve

performance.
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SelectionofProjecllim

Background Researc_ [ ]

Design Concep1_ [

Selection of cutting/grinding tools_
Selection of power source:_
Selection of earthworms_

Design of environment for earthworm:

Design of power supply

Prototype Construction

Testing Phase_
Report Development_
Design Change:_
Finalization of Projecl_ [ |
Preparation for Project Presenatio_ [
Rehearsal and presentatiow_ [ |

Final Presentation Date

Figurel9: Time Line

5.3 Organization of Work and Timeline

The proposed timeline shown in figure 19 is the current set of objectives and
responsibilities outlined. Due to earlier complications, tle selection of this project was
finalized just at the start of November.However, meticulous theoretical research and
conceptualization has been made toward a working prototype. The first task involved in
the design is the selection of various key componésy such as the cutting tools,
earthworms, power supply, and collection bin. The design of the worm environment is also
embedded between these tasks as that is another key aspect in the prototype. The
prototype is thus expected to commence construction shily into the winter break and

finish within the month of January. As ambitious as the task at hand may be, such time is
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being dedicated so that the prototype may be tested and altered for any necessary changes
ahead of schedule. This will aid in avoidingast minute alterations or difficulties involving
the prototype shortly before the project presentation in April. The overall project is thus

set for finalization at the start of March.

5.4 Breakdown of Responsibilities

Jorge Ramirez: Overall management & the project. Responsible for researching and
implementing compatible electrical components as well as programming sections to
facilitate the completion of all sections into one complete and attuned system. Responsible
for research on living organisms aswell as observational and quantitative testing on
decomposition rate and soil testing. Thermal testing and implementation of the
cooling/heating system into the system. Designing and building the system in conjunction
with all the members of the group.

Stephano Salani: Responsible for selecting a shredder that is efficient, compact and
performs well for the material it will shred. He will implement the shredder into the overall
system such that all other components work simultaneously without any conflict.
Maintenance and safety features as well as engineering drawings and calculations

pertaining to this mechanism will be performed by him.

Eric Zuniga: Responsible for the programming that will controls the system. Electrical
components that are attuned wih the software utilized as well as implementation of such

will be part of his tasks.

5.5 Discussion

As a group we want to create a system that although works in stages, it is well tuned. The
stages help to create a separation of tasks but we will workagely with each other in order

to facilitate the implementation of all components into the final stage of the prototype
construction. The system has to be compact but efficient and therefore the components

have to be able to work with each other in synchnaization.
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5.6 Number of Hours Spent On the Project

Jorge Ramirez

Table2: Hours Spent By Jorge Ramirez

$4,500.00

60 $1,500.00

80 $2,000.00
30 $750.00
5 $125.00

355 $8,875.00

Stephano Salani
Table3: Hours Spent Bgtephano Salani

$3,125.00

80 $2,000.00

120 $3,000.00
15 $375.00
5 $125.00

345 $8,625.00

Eric Zuniga
Table4: Hours Spent By Eric Zuniga

$4,625.00

60 $1,500.00

72 $1,800.00

40 $1,000.00
5 $125.00

362 $9,050.00

Table5: Total Hours/ Total Cost
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6. Engineering Design and Analysis

The design analysis will consisbn: shredder analysis (for the components that power the
shredder) and heat transfer analysis (for the ambient control of the decomposition tank).
Analysis requires the use of complex formuaitions and functions, but the main concepts
give an idea as to how the system is expected to worther analysis includes volume,

spring deflection,and electricalgain

6.1 Shredder Analysis

For the shredder analysis portion, it is crucial to determine th stresses in the gears. The
shredder that uses these gears is expected to undergo varying amounts of loads as different
forms of waste passes through it. As well as analyzing the gears, an analysis of the bearings
and the shafts that hold the shredder metanism onto its platform is also needed.

In order to find the gear reduction of the shredder mechanism of the first section of the

prototype, the measurements of the pitch diameters of the gears were needed. Once

measured, the pitch diameters were found toAA OAT AAT 8 1 61 AAOO xEA

customary units, therefore this system of measurement was used in the gear analysis. The

i AAOGOOAT AT 06 OAEAT 1T &£/ OEA CAAOOGE DPEOAE AEAI AO
D4.00

Figure20: Gear Reduction Dimensions
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The speed reduction caused by this set of gears was found using velocity ratio equation:
_ni EQHADETA 'O "M i
Ni €D EQAA QO QM i
For the ratio, the measured pitch diameters were used:
M, ™ _8
1 225 9
It should be noted that the two ratios multiplied in the equation above were negative due

wY=

to the fact that the rotational direction is reversed in that gear configuration. Also, the fact
that the equation produces a unit less quantity gives the opportuty to easily change the
system of units used.
This velocity ratio constant can then be used to find the rotational speed of the shredding
blade as a function of the rotational speed of the electric motor.

1 o= WYZT ¢
Where1 | is the input velocity (rotational speed of electric motor), and o is the output
velocity (rotational speed of the shredding blade).
In order to find the rotational speed of the shredding blade, the rotational speed of the
electric motor must be known. The rotational speed of thelectric motor was found using

the following equation (11):
_ 12020

na 6

Where Spm is the synchronous speed of the electric motor in revolutions per minute, F is
the frequency of the input in Hz, and P is the number of poles in the motor construatiolt
should be noted that this equation is only applicable to electric motors that run on AC
current. As can be seen in the equation, the frequency for the AC current is a major factor
for the rotational speed of the motor. The frequency input is known tde 60 Hz due to the
information given by the manufacturer.

The electric motor was observed to have two poles. The poles of the electric motor can be
seen easily as they are the copper coils on either side of the motor. These poles serve as
electromagnetsthat change polarity with the direction of the AC current running through

the motor.
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With the known variables it was then possible to calculate the rotational speed of the
shredder motor:
o 120z (60 Q)
na - 2
With this calculated electricmotor speed, it was possible to then input this value into the

= 36001 NG

velocity equation and calculate the output speed of the gear reduction, or the speed of the
shredding blade:
3600iNG = WYz o
~3600ina _ 3600ina

1o Gy = 80 = 4051 na
9
The power equaton was then used to find the transmitted load from the pinion gear.
o~ "@z “z'0Qz é
O= ~50000
_ 0z 60000

Where H is the power input in kW, Fis the transmitted load in kN, d is the diameter of the
pinion gear in mm, and n is the rotational speedf the pinion gear in revolutions per
minute. In using this equation the following transmitted load was found:
(0.45 @) z 60000
“z 25444 z(3600ina)
The torque transmitted by the first two gears can then be calculated usirtge equation:
Y= "Qzig

Where rg is the radius of the second gear, and: s the transmitted torque. Of course, the

Q= = 0094"® =940

units of the product will depend on the units used in the equation. Using this equation, one
can obtain:

"¥= 940 z 005084 = 4.775200a
It should be noted that in the equation above, the radius of the second gear (2 in.) was
converted into meters in order to obtain the units of Nm for the product. It can then be

seen that the transmitted torque is calculated to be 4.7752-.
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6.2 Heat Transfer Analysis

The heat transfer analysis is focused on the transfer of thermal energy between the
different media that the decomposition tank consists of. In summary, the decomposition
tank will most likely have air inside at a certain temperaturewhile the air outside is at
another temperature. The transfer of heat between the inside gases, the walls of the tank,

insulation and the outside ambient is an important calculation toward the understanding of

the system.
Convection:
) 1 . S o v
=, VY, VY= Yoraio  “Yaawo
€L
Conduction: )
) U o, s ony =
n= Ey Y, Y'Y= Y \f
Reynolds Number: B
YO= "wd w00
VI Y

This project involves heat transfer theory as certain keys components are sensitive to
temperature changes. Due to the fact that live organisms are being used in conjunction with
the design, a regulated environment is needed for their survival. Conduction and
convection equatons will thus be required to calculate the heat transfer needed to
maintain the required environmental standards. The tank that holds the organisms will
encounter fluctuating temperatures, depending on where the mechanism is placed. In an
outdoor environment, for example, the prototype might reach higher temperatures than
what the organisms are able to withstand. The surface temperature of the decomposition
tank would therefore be considered as the surface temperature while the air outside the
AT T OA Eempeamir® wolld be the ambient temperature in the convection equation.
Conduction, the heat transfer through contact, is present within the walls of the bin, the
soil, and waste the organisms are in contact with. The different materials and their

thicknesses involved in the construction of the container would therefore affect the
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transfer of heat. In addition, a cooling system involving a fan to extract hot air from the
decomposition tank would also make use of heat transfer in the form of forced conveatio
Second Chamber Wall insulation Thickness

For low heat loss rate:

Ti=130 Wall Insulatio
T Ts =25

Kw = 30 w/m

Kin=0.04 W/m

Figure21: Hat Transfer Diagram

"YQ 'Y 130 25
n 25

'Y'Y)"Y: L_W+ Lins
kA KinsA

= 420/w

‘Y'\(, =

Solve forLj,s
L

Lins = Kins 2 A Rror 75 = 0.04—-2 01045 m2[4.2%

0.0005 m

30%10.1045m2] =17.55mm

6.3 Frequency Analysis

In addition to the analysis of the gears and circuit diagrams, a frequency analysis was
performed in order to attain the important natural frequencies of the prototype structure.
Natural frequencies must be avoided in the design due to the fact that thegiuse resonance
within the structure and result in the destructive collapse of the resonating structure.
Solidworks®©, a designoriented computer software, was used to perform a frequency
analysis on the entire prototype structure. This was attempted with tk intention of
obtaining the resonant frequency of the complete prototype. With this information it would
be possible to verify that the vibrations caused by the shredder would not match the
natural frequency of the structure and cause resonance. Unfortutey, limitations of the
computers used did not allow for the computational meshing of the entire prototype. It is
hypothesized that this problem had risen due to the fact that the prototype geometry has
many thin features while maintaining a very large sie. Thin features, such as the sheet

metal that was used in the forming of the chambers, require the use of small meshing in
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order to correctly replicate the geometry. The large size requires large computational
meshing, or a vast amount of small meshingiVhen the mesh size was increased, the
software was not able to mesh various components of the prototype; however, when the
mesh size was decreased, the computers had run out of RAM memory space during the
computational meshing process. This limitation thernrequired the individual analysis of
separate components of the prototype. The components tested were the electric motor, the
shredding blade, and the bare structural frame of the prototype. Of these three tests,
emphasis was placed upon the structural frme due to the fact that it serves as the

OAAAEATT A6 1T &£ OEA Al OEOA OOOOAOOOAS

6.3.1 Electric Motor

Figure22: Electric motor

Table6: Electric Motor Frequency

Electric Motor

Mode Frequency (Hz)
1 69.8906
2 95.7883
3 118.9500
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For this test, the restraints were placed on the bolt holes at the bottom of the motor case.
These restraints were placed there in order to simulate the fixing of the motor to the
shredder base. Note that all bolts, nuts, amgashers were omitted in order to facilitate the
computational meshing process. In place of the bolts and nuts, mates were implemented to
fix the parts together as if the small hardware was still existent.

Figure23: Electric Mota - FrequencyAnalysis

6.3.2 Shredding Blade

Figure24: Blade
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Table7: Shredder Frequency

Shredder
Mode Frequency (Hz)
1 3.2352E06
2 5.9530E06
3 1.3151E03

For the frequency analysis of theshredder, the restraint was placed upon the shaft
underneath the blade. The restraint used was a rotational restraint, which allow for the
rotation of the shaft, but restrict any translational motion. Note that the rivets that hold the
shredding blades tothe spinner were omitted in order to facilitate the computational
meshing process. Mates were placed in place of the rivets in order to fix the blades to the

spinner.

v X

Type

‘OnCWm

Figure25: Blade- Frequency Analysis
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6.3.3 Structural Frame

Figure26: Structural Frame

Table8: Structural Frame Frequency

Structural Frame
Mode Frequency (Hz)
1 20.3575
2 21.5977
3 25.4655

In testing the frame, the restrains were placed on the bottonof the frame in order to
simulate the contact of the frame on the floor. The small hardware such as the bolts and
nuts were omitted in order to facilitate the computational meshing process. These links

were replaced with mates in order to simulate the preence of this hardware.
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Figure27: Structural Frame Constrain

6.3 Stability Analysis
Due to the fact that this prototype is to serve as an appliance for home use, the safety of the
prototype is always checked. One major factor gbroduct safety is the stability of the
prototype structure. For the stability analysis of the structure, a static analysis was
performed with the intention of finding the amount of force needed to topple the prototype
over. A few assumptions regarding therototype structure were made prior to the static
analysis:

1- The structure is completely rigid.

2- The structure has a homogeneous weight distribution.
3-4EA AAT OAO T &£ COAOEOU EO 11T AAGAA 11

centroid.
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After making these assumptions, the following force diagram was sketched:

. 151t N
)
WW="1081b
5 3751
18751t
T T
075 ft

Figure28: Structure Force Diagram

Considering one of the bottom edges as the pivoting point for toppling the structure, the
weight of the prototype was calculated to case a moment of 81 f#ib as shown below:
0 = 108 z 0.75'® = 81'®Z &

Wi =108 b

M =81 ft-Ib

Figure29: Structural Moment
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For the structure to start tipping over, this moment must be overcome by a force that
causes a moment in the oppositéirection. Moreover, this force is going to be assumed to
be in the horizontal direction, parallel to the floor. The moment caused by this force will be
a function of both the magnitude of the force, and the distance between the force point of
application and the pivot point. By equating this moment to the moment caused by the
weight of the prototype and solving for the force magnitude, the equation can be used to
find the force needed to topple the prototype as a function of the distance the force is
applied:
81"®z = "¢ 'Q
"O= 81/Q
Where F is the magnitude of the force in Ibs, and h is the height of the applied force or the

distance between the force application and the pivot point in ft.

Wi =108 Ib

-

M =81 ft-Ib

Figure30: Structure force

By plotting this relation it can be seen that the force needed to topple the structure is
inversely related to the height at which the force is applied. The following plot shows that

this relation is not a linear one:
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Table9: Force and_ength

Length (ft)|Force (Ib)

0.25 324

0.5 162,

0.79 108
1 81
1.25 64.8
1.5 54
1.79 46.285714
2 40.9
2.25 36
2.5 32.4
2.79 29.454544
3 27|
3.25 24.92307]
3.5 23.14285]
3.75 21.6

Force Needed to Topple Prototyp:

350
300 \
250 \
200 \
150 \

w0l -\
50 \

\

Force [lbs]

0 T T T T T T T 1
0 0.5 1 15 2 25 3 3.5 4

Distance From Pivot Point [ft]

Figure31: Force vs. Distance

If a push is made against the prototype at 1 ft off the floor, the push must have more than

81 Ibs of force. If the push is made at the center of gravity (~1.75 ft) the force must be

Florida International University Page|60



Compost Accelerator Spring
2010

larger than 46.3 Ibs in magnitude. Of course, the top of the structure is the most vulnerable
to toppling with a required force of more than 21.6 Ibs.

As the structure is tipped over, the center of gravity is positioned closer to the pivot point,
therefore resulting in less force needed to continue to topple the structure. This

phenomenon can be seen in the illustration below:

[
|

Figure32: Structure Pivoting
Less force is needed to topple the structure over at this point due to the fact thatethine of
action of the weight is located closer to the pivot point resulting in a lesser moment that
needs to be overcome. When the center of gravity is directly above the pivot point, any

small amount of force will be able to topple the structure over.

6.4 Electrical Gain
The gain obtained with the op am with the non inverting configuration shown in figur&g1

is governed by
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W1 ‘ WVa

Figure33: Op Amp Noninverting Configuration

In order to obtain a gain to drive a 12 V relay, the ratio of R2 and R1 has to be 3 to 2. This
can be accomplished by implementing a 3K ohm resistor for R2 and a 2k omesistor for
R1.

T <= + -

d@i(’)b =12
For a 9V elay, the ratio of R2 and Rlcan be 1 to 1. This can be accomplished by

implementing a1K ohm resistor for R2 and dk ohmresistor for R1.

Th <= + -

d@i(’)b = 10(.0

6.5 Spring Deflection

With a k = 9 Ib/in and a required deflection of 0.15 incheghe forced needed is as follows:
& E E 30

F=(9Ib/in) (0.15in)=1.351b

Because two springs will be used, the force needed is twice (2.7 Ib).
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7. Prototype Construction

7.1 Prototype System Description
The entire prototype design can be divided intdour main mechanisns integrated to work
under one main program controlling the entire process The sections can be further

subdivided into smaller portions. The system diagram is shown below:

* Electric Motor
» Shredder Mechanism

* Heating Elements
* Aeration Elements
* SeTVDS

» Sensors (Temperature/Humidity)
» Heating/cooling elements
* Pump
* Compost Organisms
= Separation mechanism

» Filter Mesh
* Extraction Compartment

Figure34: System diagram
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From Figure 32, the four main levels arefurther subdivided. It should be noted that the
levels are independent from one another, but althoughthe subcomponents of one level are
completely independent from the subcomponents of another levethey are linked through

the microprocessor directing the whole process.

7.2 Prototype Design

The prototype design and construction can be divided intdour main sections. Due to the
fact that each section is independent from the other, this project can be developed
simultaneoudy and be assembledlater into one prototype. The three main sections of this
prototype are as follows: the shredding mechanisnthe heating/ oxygenation chamberthe
decomposition tank, and the compost collection drawerAll section will be developed

keeping in mind the procedure of the system.

7.2.1 Structural Frame Design

The role of the structural frame is to support all the levels of the prototype and hold them
in place. Because the prototype is a complete system of three major levels tliatinto a
continuous system,each level must remain in place with respect to the other levels in order
for the prototype to function correctly. The structural frame must also have dimensions
that allow for the implementation of the levels without compromising the strength of the
structure; this means that the frame must be positioned on the exterior of all the three
levels. On the other hand, the structural frame cannot be too large, otherwise making the
prototype too voluminous and clumsy. The optimal frame type is am that would be
adaptable in size and versatile, that way the frame can adapt to changes in the individual

levels.
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Figure35: Structural Frame
7.2.2 First Level Design (Shredder)
As stated previously, the first level of the compost accelerator consists of the shredder and

the region where biodegradable waste is shredded and torn into smaller pieces.

Figure36: Shredder Mechanism (First Level)
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Figure37: Electric motor and Blade Configuration (First Level)
Lid Design
The implementation of the lid onto the top of the first level is mostly for the safety of the
user. The lid will feature two safety elements that will prevent the ser from cutting
OEAI OA1 OGAO xEOE OEA OEOAAAEI C 1 AAEATEOGI 8 /1A
design of it which prevents the user from sticking their hand down the funnel with the lid
I DAT AA8 4EEO 0,8 AAOGECIT Al @dnto thé sh@ddédr vith thd1 1 T x
OEOAAAAO OOOTAA 1 E£&8 4EEO EO | AAA DI OOEAT A «x
safety element: the cutoff switch. This cutoff switch opens the shredder circuit when the lid
is opened, therefore inhibiting the operationof the shredder when the user is placing the
xAOOA 11 Oip 1T &£# OEA 06,8 bPiI OOEIT8 5BIT AlTOETC

closes the shredder circuit thus allowing the shredder mechanism to operate.
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Figure38: Lid "L" Shape Design

7.2.3 Second level (Heating/Oxygenation Tank)

The second chamber will house the shredded waste. The floor will be suspended on springs
that under a calculated load (weight) will deflect enough pushing a button that will initiate
the process. The microprocessor awaits an input signal to run the program. The program
will start by turning the heating resistances on as well as the fan to circulate air. The
circulation of air will not only oxygenate the biematerial but also create a forced
convection throughout the entire chamber. The compartment is also equipped with a
secondary fan connected to a funnel that leads to the third level. The secondary fan will be
turned on to heat the decomposition level whenever the temperatures drop below a
specified temperature. In this case, the worms feed rapidly at a temperature betwedbz
25°C (5977 °F). At any reading below 59F, the heating resistances will turn on until they

reach a desirable temperature of 76F.
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Figure39: Second Chamber (Heating/Aeration)

Figure40: Second Chamber
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7.2.4 Third level ( Decomposition Tank )

4EA AAAT | BT OEOCEI T OAT EGSO | AéohsuningbrdaAisnEénd EO OI
aid in the acceleration of thedecomposition process. The decomposition tank must keep

optimum conditions for the organisms inside, this way efficiency is always kept at a high

level. Due to the fact that the organisms consume the waste most rapidly at certain ambient
conditions, theseconditions must be kept constant inside the tank. Factors such as

temperature, humidity, and pH level affect the performance of the organisms and must be

kept in check with the use of sensors and other measuring devices. The material of which

the decompostion tank is composed of should also be suitable for the environmental

standards of the organisms.

The first design that wasconceivedfor the separation needed would use gravity, light, and

the natural behavior of the worms in order to successfully separate the compost from the

OAOO 1T £ OEA xAOOA AT A xi Oi 68 4EA AAOECI Ail OE
seen on the rightof Figure4lh xEOE OEA OI b T £&# OEA O0*6 AO OE
bottom lip as the compost exiting end. The waste and the compost is to pass through the

interior of this shaft as it is being processed by the worms. It should be noted that the

interior of the shaft is composed of a material with a smooth surface, in order to allow for

the easy passage of the material inside. At the lower end of the separator, there is a
transparent plate that allows for light to enter. The method this separator is faposed to

work is that the worms are expected to consume the waste from the bottom of the
separator and move upward. As they do so, they leave the compost, almost purely, at the

bottom. The transparent plate at the bottom of the separator is placed ther® tensure that

worms will not travel downwards. By allowing light to shine through, the worms will be

deterred from traveling to far down due to their aversion of light. Both of these design

aspects rely entirely on the natural behavior of the worms insid¢he prototype. The added

waste on the top of the compost separator will add weight on top of the existing waste. This

weight will then push the waste down and the compost through and up the bottom portion

I £ OEA O0*06 DOl £EI A8 'lald siOfEQ thd Uisér@o stooplolutAie EO E

compost while retaining the waste inside.

Florida International University Page|69



Compost Accelerator Spring
2010

Figure41: Compost separator

Different concepts regarding the separation of the compost were discussed before arriving
to the final system that was built. This particular design is very different mechanically from
the principle design as it involves various moving parts such as a DC motor and a belt

system.

Figure42: Design of Level 3 (Inner Mechanism)
AEA O*o6 1 AAORAQET BO AAOAT OACAO 1T OAO OEEO AAOGECI

parts as its design functioned simply via gravity, and thus would require much less

i AET OAT AT AA8 (1 xAOGAOh OEA O*6 AAOECT OAAOQOEEE
requires some human interaction to physically extract the finished compost product. While

this design is essentially a much more complex design over the originally proposed, it has
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the great advantage that it meets the objective in maintaining a prototype that rednes

minimal human interaction.

Figure43: level 3 Design

7.2.5 Fourth Level ( Compost Collection Drawer )

4EEO AOAxAO EO 11T AAOCAA AO OEA AAOCA 1T &£ OEA Al
task is to separate the finishedcompost from the shredded waste and organisms. The
separation can be conducted by either a filter of some sort or a mesh that keeps both
components separate. The collected compost should then be then easy to remove from the
prototype so as to be as usefriendly as possible. This collection drawer should also be
able to separate the solid compost from the liquid compost and allow the user to extract
each easily.

The fourth section comprises of two layers, both of which are in direct use by the user. The
upper portion collects the compost from the separator that is located just above it. This
layer must be easily removable from the frame by the user so that he or she can collect the
solid compost. It has holes on its base as to allow the passage of liquid evhivill collect in

the bottom portion. The bottom portion will be somewhat of an inclined pan, therefore

allowing the liquid to collect at one side of the layer. At this side of the layer there will be a
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spigot that can be opened by the user in order to teeve the nutrient-rich liquid that has
collected in the inclined pan.

In order to allow the collection of solid compost while allowing for the passage of liquid,
the first layer of this fourth section will feature holes that are drilled with a certain
diameter that will allow this first layer to behave much like a solid filter. Moreover, these
holes will be equally distributed across the bottom plate of this layer so that there is no
collection or concentration of liquid in this first section. This solidfilter will also feature a
Ol EAET C | AAEAT EOI OEAO xEIl All1ix OEA OOAO AA
The second layer will collect the liquid and have it flow to the front. At the front wall of this
layer, there will be a spigot where the colleted liquid can easily be poured out of. As can be
seen in the diagrams of Figure 4and Figure 4%, the incline of the second layer directs all of

the liquid to the central front face of the liquid pan.

- 14.5in. -
e lﬁ i
l : -
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Figure44: Fourth level Font View
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Figure45: Fourth levelSideView
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7.3 Prototype Components

Shredding Mechanism

The main objective of the shredder mechanism is to shred the waste material into the small
pieces that will later be consumed in thedecomposition tank. Other objectives of the
shredding mechanism include the oxygenating of the waste and even dispersion of the
shreds into the decomposition tank. The shredder must be able to shred any material that
falls into the shredding area without pmming or getting stuck. Various materials with
different consistencies will be thrown into the shredding area; therefore the shredder will
most likely be experiencing uneven stresses. The design must take these uneven stresses
into account and be able tsuccessfully shred all the material to a substantially small size.
Furthermore, the shredder should not require a large amount of power and should consist
of a simple design. If the design is too complicated and requires a large and expensive
motor, the marketed product will be too expensive for average household use and will not

be as appealing to the potential consumer.

After considering the many types of shredders that are available in the market, the type
that seemed the most feasible was the food pressor type. Food processor are mainly used
to cut and shred different types of food, all of which are good simulators of what the
composting prototype is expected to shred. The ability of the food processor to cut and
shred materials of various consisten@s and strength is an aspect that is required from the
DOl O1T OUPA8 O OEOAAAAO8 4EEO TAAAOGOGEOU biI AAAO
designs such as the paper shredder. Moreover, the food processor design is a much more
compact one than other compeahg types such as the wood chipper design. All of these
different considerations lead to the observation that the most feasible shredder design for
the composting prototype was the adaptation of a food processor into the construction.

Once it was confirmedthat the food processor design was the most adept for being used in
construction, a viable processor was searched for @npurchased. In purchasing the
processor, a few factors were taken into consideration. Desired features of the food
processor were eletric motor wattage, blade diameter, and overall cost. The wattage of the
electric motor was significant in the purchase of the food processor due to the fact that high
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reliability of the mechanism is required. If the electricmotor of the shredder is not
sufficiently powerful, the shredder will have an increased chance of getting jammed on
waste materials, which will cause overheating of the motor and eventual failure. The blade
diameter was desired to be as large as possible. A larger shredding blade wilow for a
larger shredding area and, in turn, the ability to shred larger and more material at a time.
The final favorable feature is a minimal cost of the food processor. A lower cost on the food
processor relates directly with a lower overall cost oflie prototype which will help achieve

the goal of making a marketable consumeiriendly product.

Due to the fact that the type of shredder chosen for the prototype features a circular
shredding area, a circular funnel is needed to channel the waste ontoetlcutting area. The
funnel will facilitate the user in delivering the waste onto the cutting area. The funnel will,
however, add height to the overall size of the prototype, so the funnel should be designed in

an effort to keep its main function while minmizing its overall height.

The shredder mechanism, and consequentially the cutting blade, will be placed somewhere
in the center of the first level; this allows for the full optimization of the area of this
shredding level. Any circuitry of the shredder nechanism should be kept separate of the
incoming waste particles, as these pieces are able to short the shredder circuit as well as
ATl OOT AA OEA AEOAOEO Al ipPiTAT 008 2AAAI1T OEAOD
offset from the cutting area ofthe shredder blade. This positioning allows for the electric
motor to be positioned outside of the shredding area. This shredding area will be known as
the shredding chamber. Other vital components of the shredder such as the gears that
transfer the torque from the electric motor to the cutting blade cannot be excluded from
the shredding chamber as the electric motor has. Inside the shredding chamber, the gears
are susceptible to waste debris falling in between gears and jamming the mechanism. Due
to this, a splash shield will be placed around the gears in an effort to keep waste debris

from falling onto and in between gears. All of these components can be seerfrigure 46.
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Figure46: First Level Design

One of the most important aspects of this shredding level is the implementation of
vibration dampers in the connections and joints of the shredder mechanism to the
structural frame of the prototype. The shredder mechanism is known to vibrate violently
during operation due to the constant shifting of the center of mass of the electric motor and
the spinning blade. These vibrations can cause the structure of the prototype to come apart
by causing stress at structural junctions such as bolts, beam lengths,ets, and soldering.
The vibrations can also loosen circuit components from the circuit board due to the fact
that the circuit board will be attached to the structural frame of the prototype. In order to
dampen the vibrations caused by the shredding mechasm, rubber washers will be

positioned in strategic junctions of the first level. Junctions that connect the shredder
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mechanism to the structural frame will be fitted with these rubber washers and will aid in
OEA AAI PATEIC T &£# OEA OEOAAAAOC6O OEAOAOQET T O8

Heating resistances

'.—ﬂu~x :

\a":»
. L‘n5 li -

Figure47: Heating Resistances

The heating resistances implemented on this system were taken directly from a waffle
maker because of the temperature it provided and the nosticky surface.The surfaces will
be rewired in order to implement them into the system. The heating elements will be

controlled by the microprocessor through the use of an electromechanical relay.

Electromechanical Relay

The electromechanical relay is able to contralhe alternating current without having any
feedback back into the microcontroller. The nominal coil voltage of the relays is 12 V with a

on ' AOOOAT 08 3ET AA OEA [T EAOTATT OOIIT1AO AAI
directly. Consequently, aroperational amplifier is needed to induce the minimal voltage in

order to control the switch.
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Figure48: Electromechanical Relay

Operational amplifier

The op amp is set up for a gain &.5 with resistor configuration of 3K ohmsfor R1 and2 k
Ohmsfor R2in a non-inverting configuration to avoid any feedback to themicrocontroller .
The op amp is connected to a positive posv supply of 30 V with 850 mA anda negative
supply of 12 V and 850 mA. The output voltags 12.5 V which isslightly above the nominal

voltage to drive the electromechanical relay.

Figure49: Operational Amplifier

Fansand SPST Relays
The fans implemented on the system serve to oxygenate as well as heat or coel $econd
and third chamber of the system. The fans provide 33.21 CFM of airflow and are controlled

by the microcontroller. Similar to the heating resistances, the fans require a higher

Florida International University Pagel|77



Compost Accelerator Spring
2010

operating voltage than the one provided by the BS2. Because of thispgke Pole Single
Throw (SPST) is implemented in the circuit. The voltage to drive the fans is connected in
parallel from the positive supply for the op amp. This special relay can be activated directly
from the microprocessor since its minimal voltage i$V and 20 mAThe circuit will have 3

5V relays in order to control the3 fans within the entire system.

Standard Servo Motor (180 deg)

Figure50: "Standard" Parallax Servo Motor

AEA OOOAT AAOAG OAOOGI 110610 EI DBl AT AT OAA ET O O
Inc. This is a typical electric servo motor where a current induces a magnetic field to rotate

OEA OEAZO8 4EEO DPAOOEAOI A i T AtlridueBoGts led T OE AE A
Ol OAOGETT OAAEOO 1 &£ pyn AACOAAOG AO 1 bBIT OAA OI

rotations. This would typically not be ideal for functions where a continuous rotation, such

s N oA £ o~ o~ N s N

as on a driving wheel, is desired. However, this pacular serves a function for which its

characteristics are ideal.
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HS1101 Relative Humidity Sensor

-
Figure51: HS1101 Relative Humidity Sensor

The HS1101 is a low cost electronic sensor, capable of measuring relative humidity within
+5% accuracy. This particular sensor consists of a capacitive cell and thus acts as a
capacitor when placed in a circuit. Like other relative humidity sensors, a filmomposed of

a water absorbing polymer separates the two conductive plates within the sensor. Due to
the moisture absorbing properties, the film thickness is dependent on the moisture in the
ambient it is exposed to, expanding and contracting to fluctuaties in the humidity. The
distance between the two sensor plates and therefore the capacitance of the cell are
directly affected by the increase in moisture absorption. Humidity readings are thus

produced by measuring the capacitance produced by the sensallc

AD592 Temperature Probe

Temperature probes such as the AD598hown in Fig 52 are typically used in various
research applications due to their simple use. Simple in design, the temperature probe, as
supplied by Parallax, is essentially a thermal cqle that alters a voltage input that a
microprocessor or DAQ can interpret as an analogue temperature change. Within a circuit,
the probe, like a resistor, alters the voltage that is passed through, varying accordingly to
the temperature of the probe tip. This particular probe has a submersible tip and an
operating range of-13 to 221 degrees F{5 to 105 C). The heat shrink wrap protects the
tip from fluids and extreme temperatures that may result in inaccurate readings or possible

damage to the probe.
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Figure52: Analog Temperature Probe

Serial LCD

Figure53: Serial LCD

A 2x16 serial LCD (Liquid Crystal Display), supplied by Parallax, was chosen to digitally
display the temperature and humidity readings from the two compartments that will have
sensors in place. This particular screen is 2x16, signifying that it display$ olumns by 2

rows of characters. This number of characters is sufficient enough to display a line of text

AEODI AUET C xT OAO OOAE AO O4Ai PAOAOOOAO TO O(O

real-time reading for the appropriate parameter. Within theprogramming specific to this
OAOAAT h OEA OAEGCEOO6 AAT A1 O1 AA DPOI GCOAI Il AA
O00i El Ausbo AT A AAOEA OEAPAOG8 ! OOAO i1 AU Al OI
programming the required code into the EEPROM (Electnically Erasable Programmable

Read Only Memory) of the serial LCD. In addition to displaying text, the LCD is also
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characters. Of note, this specific serial LCD modehplements a programmable backlight
that can be controlled through the BS2 microprocessor.

The serial LCD is composed of a typical green LCD mounted onto a relatively small PCB that
contains various electronic components. This serial LCD may therefore be seen as an
independent electronic as it contains its own circuit and memory. The LCD meassrabout

3 by 1 in. with about 0.5 in. in depth. In addition to the relatively small spatial footprint, the
component has a drill hole on each of the four corners, making it simple to mount onto a
surface and display.

The display is fully ready and compable with the BS2 and BOE from factory as it is directly
supplied by Parallax. This particular model contains a smaller PCB mounted to the back of
the main board of the screen. This second board is essential for the BS2 to communicate
with the screen as itcontains three leads (ground, power, and input) for connection. The
secondary board also contains a dual ON/OFF switch used to set the baud rate of the data
sent to the LCD from the BS2.

7.4 Prototype Construction

7.4.1 Structural Frame

For the structural EOAT Ah A O1 1 OOAA O, 8 AAAI xAO OOAAS
plating which allows for structural rigidity as well as corrosion resistance. Due to the
decaying environment that will exist within the prototype, corrosionresistant materials

are anecessity of this project. The slots on the beam itself will allow for the adjustment of

the levels during construction. The frame was purposely built larger than needed in order

to accommodate all the inner levels. Currently, the frame measures 18 inchesdth, 18

inches depth, and 60 inches height. Once all the levels are completed and implemented
onto the exterior frame, excess frame material can be cut in order to minimize the size of

the prototype. The frame can be seen in Figure 5dupporting the conmpleted construction

of the first level.

Florida International University Page|81

E

4



Compost Accelerator Spring
2010

Figure54: Structural Frame

7.4.2 First Level - Shredding Section

In order to keep the cost of the prototype to a minimum, many components of this level

were adapted from existing products.As stated earlier, the shredder mechanism was

adapted from a food processor motor and blade; by doing so, the electric motor, gears,
shafts, and cutting blade would not have to be designed and constructed. This allowed for
the allocation of time and fundstowards other aspects of the prototype. This same

principle was used in the funnel and shredding chamber of the first level. The funnel and

Z A N o~ o~ A

OEA OEOAAAET C AEAI AAO xAOA AT 1T OO0OOAOAA £EOI I

Sheet metal boots are generbl used in the environmental control and HVAC industry.
These components are composed of sheet metal that is shaped and riveted together in
order to create the unique shape of the end product. The shape of the sheet metal boot is
very similar to a funnel with the exception of a few differences. The boot has two openings:

one large rectangular opening and a smaller circular opening. Between these two openings
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there is a convoluted shape that unifies the two openings in a funnetsembling overall
shape. Fortinately, the diameter of the circular opening of the boot is slightly larger than
the diameter of the cutting blade used by the shredder (8 inches), as it is needed. The first
boot was kept intact and was used for the funneling portion prior to the shreddig
chamber. The rectangular opening of the first boot (crossectional dimensions of 6 inches
by 18 inches) is used at the top of the level as the opening where the user places the waste,
while the circular opening on the other side was used as the exit dfe funnel where the
waste falls onto the cutting blade. The second boot, however, had to be reshaped in order
to function as the shredding chamber. The circular opening of the second boot was fixed to
the circular opening of the first boot, thus closinghe gap between the shredding chamber
and the funnel above it. The rectangular opening was enlarged from the original 6 in. x 18
in. cross section to an 18 in. x 18 in. cross section. This enlarged area will be needed for the
shredded waste to clear the stedding area and drop freely to the second level. Both boots
can be seen irFigure 55; these boots make up the majority of the first level construction.
All of the attachments between two pieces of sheet metal were done with the use of rivets.
The rivets used were able to keep two thin surfaces fixed together while keeping a low

profile and not interfering with falling debris.

Figure55: Gears Case
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