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Abstract  

The concept and development of ÔÈÅ ȰCompost Acceleratorȱ is 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 living organisms (worms, bacteria and fungi) in a process 

called vermicomposting. The purpose is to complement the naturally occurring 

decomposition of biodegradable material with the electrical and mechanical components in 

order to accelerate the process.  The result of the overall system is a solid and liquid 

mixture of compost fertilizer, more nutrient rich than that produced through conventional 

ȰÎÁÔÕÒÁÌȱ ÃÏÍÐÏÓÔÉÎÇȢ 4ÈÅ ÇÏÁÌ ÉÓ ÔÈÕÓ ÔÏ ÍÁËÅ Á ÐÒÏÔÏÔÙÐÅ ÔÈÁÔ ÉÓ ÅÆÆÉÃÉÅÎÔȟ ÃÏÍÐÁÃÔȟ ÁÎÄ 

easy to use. Secondary objectives include the overall optimization of the decomposition 

process and making the prototype self-sufficient and automatic. A thorough overview of 

shredding methods, electronic sensors, and dynamic mechanisms is conducted prior to the 

construction of the designed prototype. The 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 waste decomposition for 

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

Á×ÁÒÅȟ ÔÈÅ ÎÅÅÄ ÆÏÒ ÐÒÁÃÔÉÃÁÌ ȬÇÒÅÅÎȭ ÔÅÃÈÎÏÌÏÇÙ ÉÓ ÇÒÏ×ÉÎÇ ÔÏ ÂÅ Á ÐÒÏÍÉÎÅÎÔ ÓÏÃÉÁÌ ÁÎÄ 

political issue. The few currently available products in the market that offer household 

waste decomposition require substantial, time-consuming 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 demographic 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, this project is 

intended to reduce the amount of household waste entering landfills. Biodegradable waste 

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

%ÎÖÉÒÏÎÍÅÎÔÁÌ 0ÒÏÔÅÃÔÉÏÎ !ÇÅÎÃÙ ÁÓ ÏÆ ÔÈÅ Ȱςππψ -37 ÆÁÃÔÓ ÁÎÄ ÆÉÇÕÒÅÓ ÒÅÐÏÒÔȱȢ 4ÈÅ 

report lists and analyses waste by materials with organic waste listed as the largest 

component. The household organic material includes common items thrown away such as 

banana peels, leftover food, and plain paper. Unlike several synthetic materials (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 slowly and in landfills, because no oxygen 

penetrates through the waste saturated with water, it might take much longer for the 

biodegradable material to decompose. An acceleration of the decomposition rate therefore 

would reduce the amount of time the waste stays stagnant, either 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 are 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.  

Subsequently, ×ÉÔÈ ÔÈÅ ÉÎÃÒÅÁÓÉÎÇÌÙ ÐÏÐÕÌÁÒ ÍÁÒËÅÔ ÏÆ ȰÇÒÅÅÎȱ ÁÎÄ ÅÃÏ-friendly products, 

an appealing and marketable product is the key motivation for this project. A product that 

accelerates the decomposition of household organic waste will appeal to consumers that 

enÃÏÕÒÁÇÅ ÔÈÅ ȰÇÒÅÅÎ ÍÏÖÅÍÅÎÔȱ ÏÒ ÓÉÍÐÌÙ ÈÏÌÄ Á ÐÁÓÓÉÏÎ ÆÏÒ ÇÁÒÄÅÎÉÎÇȢ Currently, there 

are a few products that serve a similar purpose but that require considerable human input 

and still produce compost at a slow rate, thus an innovative compost accelerator would 

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 trimmings 

and wood) make up for more than 60 percent the total waste. Food waste is the number 1 

least recycled material.  

 

Figure 1: Total Municipal solid waste by material. (250 million tons total) [EPA] 

Compost 

Composting is the conversion 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 use of 

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: 

¶ Bioremediation and contamination prevention 

¶ Disease control for plant life and animals 

¶ Erosion control  

¶ Composting of infected soils 

¶ Reforestation, swamp restoration, and habitat recovery 

Microorganisms at Work  

Microscopic cultures that eat away organic waste material are present ubiquitously 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 texture; beneficial 

for retaining water. It is also contains high levels of nitrogen which is usually 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 a specific class of 

×ÏÒÍ ɉ2ÅÄ 7ÉÇÇÌÅÒ Ȭ%ÌÓÅÎÉÁ &ÅÔÉÄÁȭɊȢ The Ȱ2ÅÄ 7ÉÇÇÌÅÒȱ digests the bacteria and fungi that 

grows on the organic waste and produces rich compost that can be used as a natural 

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

ÐÒÏÍÏÔÅÓ Á ÈÉÇÈÅÒ ÒÁÔÅ ÏÆ ÇÒÏ×ÔÈ ÉÎ ÐÌÁÎÔÓȢ 4ÈÅ ÃÁÓÔÉÎÇÓ ÁÒÅ ÕÐ ÔÏ Ȱ5 times the available 

nitrogen, 7 times the available phosphorus, 3 times the exchangeable magnesium, 11 times 

the available potassiumȟ ÁÎÄ ρȢυ ÔÉÍÅÓ ÔÈÅ ÃÁÌÃÉÕÍ ÆÏÕÎÄ ÉÎ φ ÉÎÃÈÅÓ ÏÆ ÔÏÐ ÓÏÉÌȱ ɍρɎ. Red 

wigglers eat about half their own body weight per day, thus 1 kg of worms will consume 

about 500 grams of waste a day.  

Basic Worm farming  

Red wigglers need a convenient cool and moist environment to live in. Ideal temperature 

for Red Wigglers ranges between 50 to 80 degrees Fahrenheit and the worm specimens 

should not be exposed to direct sun. Temperature outside this range can be fatal for the red 

wigglers. Lower temperatures (usually occurring during winter ) slow down their activity.  
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Humidity is essential for these creatures since the worms need a moist skin in order to 

breath. Air circulation is needed as 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 Lumbricus 

Terrestris as shown in Figure 2, burrow into the soil and live on organic matter which is 

ingested with significant quantity of earth.  This mix of organic matter and soil, known as 

ȰÃÁÓÔÉÎÇÓȱ is passed from the body on 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. 

 

Figure 2: Anatomic diagram of Phylum Annelida [2] 

4ÈÅ ×ÏÒÍȭÓ ÂÏÄÙ ÉÓ ÃÙÌÉÎÄÒÉÃÁÌ ÉÎ ÓÈÁÐÅ ÁÎÄ ÂÉÌÁÔÅÒÁÌÌÙ ÓÙÍÍÅÔÒÉÃÁÌȢ  )Ô ÉÓ ÍÁÒËÅÄ ÂÙ ÂÏÄÙ 

segments that are rather longer in the frontal 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 soil 

by the anus suggesting a digestive 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 segments that 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 to 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 components and 

components in direct contact with the hazardous environment. Anticipated degradation of 

ÔÈÅ ÐÒÏÔÏÔÙÐÅȭÓ ÃÏÍÐÏÎÅÎÔÓ ÉÓ ÁÎ ÉÍÐÏÒÔÁÎÔ ÁÓÐÅÃÔ ÔÈÁÔ ÍÕÓÔ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÉÎ ÔÈÅ 

construction of both the prototype and the final product. In order to be able to 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 

ÔÅÒÍÅÄ Á ȰÃÏÒÒÏÓÉÖÅ ÍÅÄÉÕÍȱ ÏÒ ȰÁÇÇÒÅÓÓÉÖÅ ÍÅÄÉÕÍȱ ɉ15). The oxidation chemical 

reaction, however, is not always detrimental to the function of the component. The term 
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ȰÃÏÒÒÏÓÉÏÎȱ ÉÓ ÏÎÌÙ ÁÐÐÌÉÅÄ ÔÏ ÔÈÅ ÏØÉÄÁÔÉÏÎ ÐÒÏÃÅÓÓ ÉÆ ÉÔ ÉÓ ÎÏÔ ÆÁÖÏÒÁÂÌÅ ÆÏÒ ÉÔ ÔÏ ÏÃÃÕÒ ÉÎ ÔÈÅ 

individual component or system, otherwise, the teÒÍ ȰÏØÉÄÁÔÉÏÎȱ ÉÓ ÕÓÅÄȢ 

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 ÆÏÕÎÄ ÔÈÁÔ ÏÎÌÙ ÂÅÙÏÎÄ Á ȰÃÒÉÔÉÃÁÌ 

ÈÕÍÉÄÉÔÙȱ ×ÉÌÌ ÔÈÅ ÒÁÐÉÄ ÁÃÃÅÌÅÒÁÔÉÏÎ ÏÆ ÃÏÒÒÏÓÉÏÎ ÏÃÃÕÒȟ ÂÕÔ ÔÈÉÓ ÆÉÎÄÉÎÇ ×ÁÓ ÎÏÔ ÆÕÌÌÙ 

appreciated until a method was developed for measuring the percentage of time when this 

critical humidity is exceeded (14). This period of time is known as time-of-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 time-of-wetness. 

 

Figure 3: Corrosion Due to 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 will 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 [SO2] 

Sulfur dioxide, as seen in its 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 in the 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 metal-rust 

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

between sulfur dioxide in the atmosphere and the subjected metal. 

 

Figure 4: Sulfur dioxide in crystalline form [17] 
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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 to the 

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 salt-enhanced 

corrosion can be seen on the bolt head in Figure 5. This bolt was retrieved from a salt spray 

testing lab where salt-enhanced 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. 

 

Figure 5: Corrosion Due to Salt 

Soil Corrosion  

It can be seen in Table 1 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 low soil resistivity results in a high corrosivity and vice versa. However, 

ÔÈÅ ÓÏÉÌȭÓ ÒÅÓÉÓÔÉÖÉÔÙ ÉÓ Á ÃÏÎÓÅÑÕÅÎÃÅ ÏÆ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ÍÏÉÓÔÕÒÅ ÁÎÄ ÓÏÌÕÂÌÅ ÓÁÌÔÓȟ 
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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 to low oxygen replenishment, but sulphate-reducing bacteria may cause high 

corrosion rates in these areas (13). 

Table 1: Corrosion table for soil 

 

 
 

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 certain component (15): 

1. Isolation of the metal surface 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 the aggressive 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 made of 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 a passive state known as passivation (15). This occurs when 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 stainless steel. 

As seen in Figure 6 stainless steel is used often in the culinary and aerospace industry due 

to its passivation features. 

 

Figure 6: Stainless Steel merchandise (19) 

Deactivation of the aggressive medium can take on a few forms. One method of deactivating 

the medium is by reducing the concentration of the oxidizing agent (15). An example of this 

can be observed in thermal power plants where the corrosive medium is water and the 

oxidizing agent is the oxygen molecules present in the 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 of polarizing the metal in a fashion that generates a much more 

negative electrode potential than the aggressive medium (15). This large negative 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, cold-worked surfaces, such as rivets and 

threads tend to corrode faster than hot-worked metal surfaces (13). 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 rust-preventing grease. This grease 

provides an air-tight barrier between the corrosive medium and the surface 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 as galvanization. A galvanized component usually has 

a characteristic bluish hue due to its zinc chromate coating; as seen in Figure 7. 

 
Figure 7: Galvanized Bolt and nut [21] 

 

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 galvanized 

(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 resulting in 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 main goal is the same- to 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 of extremely thin waste, 

or more specifically- paper. Paper shredders are usually found in offices that hold 

important documents. The disposal of information-sensitive documents requires the 

obliteration of such documents in a way that does not allow for the conventional 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 working. 

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 cross-cutter. This type of paper 

shredder is known as a cross-cutting shredder and works exactly like a normal paper 

shredder, except for the fact that the addition of the cross-cutter allows for an output of 

smaller paper shreds. Other shredders like CD/DVD shredders are able to shred thin sheets 

of plastic into pieces. These shredders work exactly the same way as cross-cutting 

shredders except for the fact that they use stronger blades for plastic shredding (10). 
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Wood-Chipper Design  

Wood-chippers are used to cut tree branches and leaves into smaller, more manageable 

pieces or chips. Wood-chippers 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, wood-chippers 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 these shafts, 

the tree branch size decreases. The wood-chipper might also feature inter-meshing blades 

ÔÈÁÔ ÁÒÅ ÁÂÌÅ ÔÏ ÐÕÌÌ ÔÈÅ ÂÒÁÎÃÈÅÓ ÁÎÄ ÓÔÉÃËÓ ÉÎÔÏ ÔÈÅ ÃÕÔÔÅÒÓȟ ÔÈÅÒÅÆÏÒÅ ÂÅÈÁÖÉÎÇ ÁÓ Á ȰÓÅÌÆ-

ÆÅÅÄÉÎÇȱ ×ÏÏÄ-chipper. This intermeshing additionally yields a more thorough cutting of 

the branches and sticks, but also slows down the wood-chipping process (9). 

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 its negative 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.  

 

Figure 8: LM741CN Op Amp 

 

The configuration used for this project is a non-inverting circuit connected as following: 
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Figure 9: Op Amp Non-Inverting Configuration 

The relationship between input voltage signal (V1) and the resistors and output voltage 

signal (V2) is presented by the following equation: 

 

ὠὕόὸ= ὠὭὲ(1 +
Ὑ2

Ὑ1
) 

Relay 

A Relay is a switch operated electrically. The relay can be implemented to control one or 

more circuits by one single signal.  

 

Figure 10: Electromechanical Relay 

A mechanical relay functions through the use of an electromagnet. The relay functions 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 the current 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 microcontroller. 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 element works 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 stainless 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 temperatures and possesses excellent heat 

diffusion and retention properties. The non-stick surface is ideal for this process since the 

surface will be in direct contact with the waste.  

Board -mount Temperature Sensor/Thermostat  

 

Figure 11 Board-mount Temperature Sensor 
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Figure 12 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 analog signals, 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 sensor 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 temperature 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 any human users interacting with the device. This 

sensor will thus act as a shutoff indicator 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 mechanical 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 decomposition 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 for the 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 bio-waste 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 

ÓÅÔ ÆÏÒÔÈ ÉÎ ÏÒÄÅÒ ÔÏ ÅÎÓÕÒÅ ÓÕÃÃÅÓÓÆÕÌ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÉÎ ÔÏÄÁÙȭÓ ÍÁÒËÅÔȢ 4ÈÅ ÆÕÌÆillment of 

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 follows. The prototype must: 

1- Be inexpensive, overall 

2- Be easy to 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 these 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 pre-treatment 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 bio-waste will allow a greater oxygenation area which 

will increase the rate of decomposition of the bio-material. The waste will then pass to the 

vermi-ÃÏÍÐÏÓÔÉÎÇ ÃÈÁÍÂÅÒ ÉÎ ×ÈÉÃÈ ÔÈÅ Ȱ,ÕÍÂÒÉÃÕÓ 4ÅÒÒÅÓÔÒÉÓȱ ×ÉÌÌ ÄÉÇÅÓÔ ÁÎÄ ÅØÃÒÅÔÅ 

what we refer to as the end product; nutrient rich fertilizer. In this compartment, the use of 

temperature and humidity sensors will be employed to monitor and trigger ambient 

regulation systems in order to keep the chamber within a specified temperature and 

humidity  range which is optimal for the ×ÏÒÍÓȭ ÃÏÎÓÕÍÐÔÉÏÎ ÒÁÔe. 

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 considering 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 project is the separation of the worms from the end-

product. The worms naturally tend to eat upward and therefore leave the digested waste 

underneath. Their natural behavior provides a viable way to separate the two but it will 

depend significantly ÏÎ ÔÈÅ ×ÏÒÍȭÓ ÁÃÔÉÏÎÓ ×ÈÉÃÈ ÍÉÇÈÔ ÎÏÔ ÂÅ ÁÓ ÃÏÎÓÉÓÔÅÎÔ ÃÏÎÓÉÄÅÒÉÎÇ 

they are living organisms and can not be programmed.  Another consideration that can be 

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

Ȱ,ÕÍÂÒÉÃÕÓ 4ÅÒÒÅÓÔÒÉÓȱ ÁÒÅ ÖÅÒÙ ÓÅÎÓÉÔÉÖÅ ÔÏ ÌÉÇÈÔȢ !ÌÔÈÏÕÇÈ ×ÏÒÍÓ do not have eyes and 

ÃÁÎȭÔ ÓÅÅȟ ÔÈÅÙ ÈÁÖÅ ÓÅÎÓÏÒÙ ÃÅÌÌÓ ×ÈÉÃÈ ÁÒÅ ÒÅÓÐÏÎÓÉÖÅ ÕÎÄÅÒ ÌÉÇÈÔ ÉÎÔÒÕÓÉÖÅ ÃÏÎÄÉÔÉÏÎÓȢ 

This condition can be beneficial to the separation process because the worms will hide 
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from the light and therefore separate from 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 producÔ ÓÈÏÕÌÄÎȭÔ 

consume too much power. This is probably the biggest constrain since a shredding 

mechanism and heating elements are expected to require a large amount of power.  

#ÏÎÓÉÄÅÒÉÎÇ ÔÈÁÔ ÔÈÅ ÓÙÓÔÅÍ ÅÌÅÍÅÎÔÓ ×ÏÎȭÔ ÂÅ ÒÕÎÎÉÎÇ ÃÏÎÔÉÎÕÏÕÓÌÙȟ ÔÈÅ ÐÏ×ÅÒ ÕÓÅÄ 

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 century 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 entrepreneurial systems are starting to be 

implemented. The shift is taking place because there is a civic concern on the rise about 

ÅÃÏÌÏÇÉÃÁÌ ÉÓÓÕÅÓ ÒÅÇÁÒÄÉÎÇ ÔÈÅ ÈÕÍÁÎ ÆÏÏÔÐÒÉÎÔ ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÔÈÅ ÐÌÁÎÅÔȭÓ ×ÅÌÌÂÅÉÎÇȢ 7ÉÔÈ 

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 we produce. The new increasing trend forces the private 

sector to implement new solutions to help solve environmental challenges.   

 

4ÈÅ ÓÈÉÆÔ ÉÎ ÐÒÅÆÅÒÅÎÃÅÓ ÉÎÃÒÅÁÓÅÓ ÄÅÍÁÎÄ ÆÏÒ ÏÔÈÅÒ ÔÙÐÅÓ ÏÆ ÐÒÏÄÕÃÔÓȟ ÐÒÏÄÕÃÔÓ ×ÉÔÈ ȰÌÏ× 

ÉÍÐÁÃÔȱ ÏÎ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔȢ 4ÈÅ ÄÅÍÁÎÄ ÆÏÒ ÔÈÅÓÅ ÐÒÏÄÕÃÔÓ ÉÓ ÉÎÆÌÕÅÎÃÉÎÇ ÃÏÒÐÏÒÁÔÉÏÎÓ ÁÓ 

we see changes in manufacturing processes as well as new business tactics. Companies are 

changing the way they function in order to be able to compete financially speaking by 

ÔÁËÉÎÇ ÐÁÒÔ ÉÎ ÔÈÉÓ ȰÎÅ× ÍÁÒËÅÔȱȢ .Å× ÍÅÔÈÏÄÓ ÏÆ ÐÒÏÄÕÃÔÉÏÎ ÁÒÅ ÉÍÐÌÅÍÅÎÔÅÄ ×ÉÔÈ ÔÈÅ 
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ÐÕÒÐÏÓÅ ÏÆ ÐÒÏÄÕÃÉÎÇ ÇÏÏÄÓ ÁÎÄ ÓÅÒÖÉÃÅÓ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ȰÇÒÅÅÎȱ ÍÅÎÔÁÌÉÔy without 

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 new 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 

ÌÏ× ÎÅÇÁÔÉÖÅ ÉÍÐÁÃÔȟ ÉÔ ÄÏÅÓÎȭÔ ÍÅÁÎ ÔÈÅÒÅ ÉÓ Á ȰÃÏÎÓÃÉÏÕÓȱ ×ÁÙ ÏÆ ÔÈÉÎËÉÎÇ ÂÙ ÔÈÅ ÃÏÍÐÁÎÙȠ 

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 climate change and 

the green house effect are inducing a conscious attitude about the choices being made. 

#ÏÎÓÅÑÕÅÎÔÌÙȟ ×Å ÓÅÅ Á ÇÒÏ×ÉÎÇ ÇÌÏÂÁÌ ÍÁÒËÅÔ ÆÏÒ ȰÅÎÖÉÒÏÎÍÅÎÔÁÌÌÙ ÆÒÉÅÎÄÌÙȱ ÐÒÏÄÕÃÔÓ 

driven by the understanding about consumption and production consequences.  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 addressed 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 catastrophic 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 the reality 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 becoming 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 human population. We also observe that it 

affects the biosphere as we see habitat destruction, CO2 emissions, 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 becoming conscious of the effect we have and the choices we make 

ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÆÕÔÕÒÅ ÒÅÐÅÒÃÕÓÓÉÏÎÓȢ 3Ï ×ÉÔÈ ÔÈÅÓÅ ȰÃÏÎÓÃÉÏÕÓ ÄÅÃÉÓÉÏÎÓȱȟ ×Å ÏÐÔ ÔÏ ÃÏÎÓÕÍÅ 

some products over others. For instance, demand for healthy food is a derived preference 

of the trend. People are now willing to pay a higher price for goods that are organic. 

Organic foods for 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 fertilizers 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 

×ÉÔÈÏÕÔ ÔÈÅ ÕÓÅ ÏÆ ÈÏÒÍÏÎÅÓ ÏÒ ÁÎÔÉÂÉÏÔÉÃÓȢ !ÌÌ ÔÈÅ ÁÖÏÉÄÁÎÃÅ ÏÆ ÔÈÅÓÅ ȰÅÎÈÁÎÃÅÒÓȱ Æor the 

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: 

 

Ȱ5Ȣ3Ȣ ÓÁÌÅÓ ÏÆ ÏÒÇÁÎÉÃ ÆÏÏÄ ÁÎÄ Âeverages have grown from $1 billion in 1990 

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

ÉÎÃÒÅÁÓÅ ÁÎ ÁÖÅÒÁÇÅ ÏÆ ρψ ÐÅÒÃÅÎÔ ÅÁÃÈ ÙÅÁÒ ÆÒÏÍ ςππχ ÔÏ ςπρπȱȢ ɍσɎ 

3.2 Market Production  

Because of the decrease in natural resources, tÈÅÙ ÁÒÅ ÎÏ ÌÏÎÇÅÒ ÖÉÅ×ÅÄ ÁÓ Á ȰÆÒÅÅȱ ÒÅÓÏÕÒÃÅ 

and therefore production requires a reconsideration of how processes are measured and 

managed. New production decisions therefore arise that draw attention to the available 

natural resources. These production decisions consider the expenditures in order to guard 

and conserve ecosystems. Over time, manufacturers have had to modify the way they 

ÐÒÏÄÕÃÅ ÔÈÅÉÒ ÇÏÏÄÓ ÁÎÄ ÓÅÒÖÉÃÅÓ ÉÎ ÏÒÄÅÒ ÔÏ ÓÕÐÐÌÙ ÔÈÅ ȰÇÒÅÅÎȱ ÐÒÏÄÕÃÔÓ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ 

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 system 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 nutrient-rich particles with it. This liquid fertilizer, known as 

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

 

 

Figure 13: Worm Factory [5] 

 

Nature Mill XE Composter  
 
The nature mill composter works by optimizing conditions through mixing, airflow, 

moisture and heat as shown in figure 14. 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 with a fan 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 weeks. This device 

recycles its waste over a 10 day period diverting over 2 tons of waste from landfills over its 

life.  

 

Figure 14: 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 compost or as 

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 Figure 15. Resources inform that this product is able to 

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

proposed design. 

 

 

Figure 15: Bosch AXT 220 Quiet Garden Shredder [7] 

3.4 Marketing and Advertisement  

A new market has been developing 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 brain-washing" the consumers on ethical 

consumerism. Bottled water, for example, has significantly increased their sales. 

Companies now categorize 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 advantage. 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 either 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 I  

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 allows for 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 rollers. 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 be 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. 

 

Figure 16: Concept Design 1 

4.3 Design Alternate II  

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 system 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 organisms will 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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Figure 17: Concept Design 2 

4.4 Design Alternate III  

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 rotary shredder 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, the 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. 

 

Figure 18: 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 self-sustaining and energy 

efficient. Although the idea of creating a self-sustaining prototype was very attractive, it 

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 also prove 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 thought 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 the 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 successfully and its implementation into the prototype 

construction. 

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

×ÁÓ ÆÉÒÓÔ ÂÅÉÎÇ ÕÓÅÄ ×ÉÔÈ -ÉËÒÏÂÁÓÉÃΆ ÁÓ ÔÈÅ ÐÒÏÇÒÁÍÍÉÎÇ ÌÁÎÇÕÁÇÅ ÁÎÄ ÃÏÍÐÉÌÅÒȢ 

Unfortunately, many of the electronic components available in the market were not easily 

ÃÏÍÐÁÔÉÂÌÅ ×ÉÔÈ -ÉËÒÏÂÁÓÉÃΆ ÁÎÄ ÔÈÅÒÅÆÏÒÅ ÐÒÏÖÅÄ ÔÏ ÍÁËÅ ÔÈÅ ÐÒÏÇÒÁÍÍÉÎÇ ÁÎÄ 

operation of the environmental control difficult and time-consuming. It was then concluded 

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

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

ÕÎÉÖÅÒÓÁÌ ÃÏÍÐÉÌÅÒȟ Á ÓÙÓÔÅÍ ËÎÏ×Î ÁÓ 0ÉÃ"ÁÓÉÃΆ ×ÁÓ ÐÕÒÃÈÁÓÅÄȢ !ÌÔÈÏÕÇÈ 0ÉÃ"ÁÓÉÃΆ ×ÁÓ 
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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 Figure 16. Due to the simple geometry of its components, this concept is 

predicted to be the most cost-efficient of the three designs. Just like the other two design 

concepts, the first concept is observed to be simple to use and does not require 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 includes 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 estimated 

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 activation 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 cut-off 

switch was implemented into the circuit 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, in turn, 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 shredder 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 safety risk to the prototype structure as 

well as the biological organisms within the prototype. If the heating element becomes too 

hot, it can over-heat circuit components, melt structural components, or cause waste 

material to enter the worm chamber at temperatures 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 environmental 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 precaution is the implementation of a manual override switch. This switch 

is found on the exterior of the prototype frame and is able to cut-off the power to the entire 

machine. This switch overrides all other sensors and switches and is to be used only for 

emergencies. 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 energy-conservative 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 passed, the 

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 desired 

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 completed 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 ɀ A list of all the components necessary to create a working prototype that will 

achieve the specified goals. 
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Cost Estimate & Purchase ɀ A cost estimation of the components and purchase of such 

keeping organized records to divide cost among members.  

Shredding Mechanism ɀ Choosing a shredding mechanism considering the material to be 

shredded that is efficient as well as compact and quiet.  

Heating System ɀ Decide on a viable and safe heating system that is able to keep the 

environment to the desired temperature. 

Humidity System ɀ Choosing a practical humidity system that is able to keep the 

environment to the preferred moisture. 

Program Development ɀ 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 well as 

humidify the environment.  

Circuitry Implementation ɀ A circuit containing the microcontroller along with the 

necessary components such as sensors, relays, LCD screen, etc to control the system.   

Calibration ɀ Different sensors will be used and calibration is essential for their 

performance. Temperature sensors can be calibrated.  

Construction of Prototype ɀ The final prototype construction will implement all 

components into a compact design.  All components must be integrated to function without 

affecting performance.  

Senior Design Report ɀ The project is presented in a written report 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 the components 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 ɀ Any adjustments or changes to the system that will enhance or improve 

performance. 
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Figure 19: 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, the 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 components; 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 shortly into the winter break and 

finish within the month of January. As ambitious as the task at hand may be, such time is 

Selection of Project

Background Research

Design Concept

Selection of cutting/grinding tools

Selection of power sources

Selection of earthworms

Design of environment for earthworms

Design of power supply

Prototype Construction

Testing Phase

Report Development

Design Changes

Finalization of Project

Preparation for Project Presenation

Rehearsal and presentation

Final Presentation Date



Compost Accelerator  Spring 
2010 

 

Florida International University P a g e | 46 

 

being dedicated so that the prototype may be tested and altered for any necessary changes 

ahead of schedule. This will aid in avoiding last 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 of 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 as well 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 with 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 work closely 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 synchronization.  
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5.6 Number of Hours Spent On the Project  
 
Jorge Ramirez 
 

Table 2: Hours Spent By Jorge Ramirez 

 
Hours Spent Cost ($25/hr) 

Research And Development 180 $4,500.00 

Report Writing 60 $1,500.00 

Prototype Construction 80 $2,000.00 

Testing 30 $750.00 

Presentation 5 $125.00 

Total hours 355 $8,875.00 
 

Stephano Salani 
Table 3: Hours Spent By Stephano Salani 

 
Hours Spent Cost ($25/hr) 

Research And Development 125 $3,125.00 

Report Writing 80 $2,000.00 

Prototype Construction 120 $3,000.00 

Testing 15 $375.00 

Presentation 5 $125.00 

Total hours 345 $8,625.00 
 

Eric Zuniga 
Table 4: Hours Spent By Eric Zuniga 

 
Hours Spent Cost ($25/hr) 

Research And Development 185 $4,625.00 

Report Writing 60 $1,500.00 

Prototype Construction 72 $1,800.00 

Testing 40 $1,000.00 

Presentation 5 $125.00 

Total hours 362 $9,050.00 
 

Table 5: Total Hours/ Total Cost 

Total Hours 1062 

Total Cost $26,550.00 
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6. Engineering Design and Analysis  

The design analysis will consist on: 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 formulations and functions, but the main concepts 

give an idea as to how the system is expected to work. Other analysis includes volume, 

spring deflection, and electrical gain 

6.1 Shredder Analysis  

For the shredder analysis portion, it is crucial to determine the 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 mechanism 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 to ÂÅ ȬÃÌÅÁÎȭ ÎÕÍÂÅÒÓ ×ÈÅÎ ÕÓÉÎÇ 5Ȣ3Ȣ 

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

ÍÅÁÓÕÒÅÍÅÎÔÓ ÔÁËÅÎ ÏÆ ÔÈÅ ÇÅÁÒÓȭ ÐÉÔÃÈ ÄÉÁÍÅÔÅÒÓ ÁÒÅ ÁÓ ÆÏÌÌÏ×Óȡ 

 

Figure 20: Gear Reduction Dimensions 
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The speed reduction caused by this set of gears was found using velocity ratio equation: 

ὠὙ=  
ὴὶέὨόὧὸ έὪ ὨὶὭὺὩὲ ὫὩὥὶί

ὴὶέὨόὧὸ έὪ ὨὶὭὺὭὲὫ ὫὩὥὶί
 

For the ratio, the measured pitch diameters were used: 

ὠὙ=  
Ϻ4

1
ᶻ
Ϻ5

2.25
=

80

9
 

It should be noted that the two ratios multiplied in the equation above were negative due 

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 opportunity 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. 

=‫Ὥ ὠὙ  z‫0 

Where is the output ‫0 ‫I is the input velocity (rotational speed of electric motor), and 

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 the electric motor was found using 

the following equation (11): 

Ὓὶὴά =  
120 Ὂz

ὖ
 

Where Srpm 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 construction. It 

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 to be 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 

electromagnets that 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: 

Ὓὶὴά =  
120 (z60 Ὄᾀ)

2
= 3600 ὶὴά 

With this calculated electric motor speed, it was possible to then input this value into the 

velocity equation and calculate the output speed of the gear reduction, or the speed of the 

shredding blade: 

3600 ὶὴά= ὠὙ  z‫0 

‫0 =
3600 ὶὴά

ὠὙ
=  

3600 ὶὴά

80
9

= 405 ὶὴά 

The power equation was then used to find the transmitted load from the pinion gear. 

Ὄ=  
Ὂὸz “z Ὠz ὲ

60000
 

Ὂὸ=  
Ὄ 6z0000

“z Ὠz ὲ
 

Where H is the power input in kW, Ft is the transmitted load in kN, d is the diameter of the 

pinion gear in mm, and n is the rotational speed of the pinion gear in revolutions per 

minute. In using this equation the following transmitted load was found: 

Ὂὸ=  
(0.45 Ὧὡ) 6z0000

“z 25.4 άά (z3600 ὶὴά)
= 0.094 Ὧὔ= 94 ὔ 

The torque transmitted by the first two gears can then be calculated using the equation: 

Ὕὸ=  Ὂὸz ὶὋ 

Where rG is the radius of the second gear, and Tt is the transmitted torque. Of course, the 

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

can obtain: 

Ὕὸ= 94 ὔ ᶻ0.0508 ά =  4.7752 ὔά 

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 N-m for the product. It can then be 

seen that the transmitted torque is calculated to be 4.7752 N-m. 
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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 temperature while 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: 

ή=
1

Ὤὧέὲὺ ὃ
ЎὝ  , ЎὝ= ὝίόὶὪὥὧὩ ὝὥάὦὭὩὲὸ 

 

Conduction: 

ή=
ὒ

ὑὃ
ЎὝ  ,   ЎὝ= Ὕ1 Ὕ2 

 

Reynolds Number: 

ὙὩ=
”ὠὒ

‘
=
ὠὒ

ὺ
=
ὗὒ

ὺὃ
 

 

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 equations 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 

ÃÏÎÔÁÉÎÅÒȭÓ Ôemperature would 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 convection. 

Second Chamber Wall insulation Thickness  

For low heat loss rate: 

 

 

 

 

 

Figure 21: Hat Transfer Diagram 

ὙὝὕὝ=  
ὝὭ Ὕί

ή
=

130 25

25
= 4.2 ὑ/ὡ 

ὙὝὕὝ=
Lw
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+
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Solve for Lins  

Lins = Kins Az RTOT
Lw

Kw A
=  0.04

w

m kz
0z.1045 m2[4.2

k

w
 

0.0005 m

30
w

m kz
0z.1045m2

] = 17.55 mm 

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 they cause resonance 

within the structure and result in the destructive collapse of the resonating structure. 

Solidworks©, a design-oriented computer software, was used to perform a frequency 

analysis on the entire prototype structure. This was attempted with the 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. Unfortunately, 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 size. 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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Kin = 0.04 W/m-

k 

Wall Insulatio

n 



Compost Accelerator  Spring 
2010 

 

Florida International University P a g e | 53 

 

order to correctly replicate the geometry. The large size requires large computational 

meshing, or a vast amount of small meshing. When 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 then required 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 frame due to the fact that it serves as the 

ȰÂÁÃËÂÏÎÅȱ ÏÆ ÔÈÅ ÅÎÔÉÒÅ ÓÔÒÕÃÔÕÒÅȢ 

6.3.1 Electric Motor  

 

Figure 22: Electric motor 

 
Table 6: 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, and washers 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. 

 

Figure 23: Electric Motor - Frequency Analysis 

6.3.2 Shredding Blade  

 

Figure 24: Blade 
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Table 7: Shredder Frequency 

Shredder 

Mode Frequency (Hz) 

1 3.2352E-06 

2 5.9530E-06 

3 1.3151E-03 
 

For the frequency analysis of the shredder, 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 to the 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.  

 

 

 

 

Figure 25: Blade - Frequency Analysis 
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6.3.3 Structural Frame 

 

Figure 26: Structural Frame 

 
Table 8: 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 bottom of 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 presence of this hardware. 
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Figure 27: 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 of product 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 the prototype structure were made prior to the static 

analysis: 

1- The structure is completely rigid. 

2- The structure has a homogeneous weight distribution. 

3- 4ÈÅ ÃÅÎÔÅÒ ÏÆ ÇÒÁÖÉÔÙ ÉÓ ÌÏÃÁÔÅÄ ÏÎ ÔÈÅ ÓÁÍÅ ÐÏÉÎÔ ÁÓ ÔÈÅ ÓÔÒÕÃÔÕÒÅȭÓ ÇÅÏÍÅÔÒÉÃÁÌ 

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

 
Figure 28: 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 cause a moment of 81 ft-lb as shown below: 

ὓ= 108 ὰὦᶻ0.75 Ὢὸ=  81 Ὢὸz ὰὦ 

 
Figure 29: 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 opposite direction. 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 Ὢὸz ὰὦ= Ὂ Ὤz 

Ὂ= 81/Ὤ 

Where F is the magnitude of the force in lbs, and h is the height of the applied force or the 

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

 
Figure 30: 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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Table 9: Force and Length 

 
 

 

Figure 31: Force vs. Distance 

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

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

Length (ft) Force (lb)

0.25 324

0.5 162

0.75 108

1 81

1.25 64.8

1.5 54

1.75 46.285714

2 40.5

2.25 36

2.5 32.4

2.75 29.454545

3 27

3.25 24.923077

3.5 23.142857

3.75 21.6
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larger than 46.3 lbs in magnitude. Of course, the top of the structure is the most vulnerable 

to toppling with a required force of more than 21.6 lbs. 

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: 

 
Figure 32: Structure Pivoting 

Less force is needed to topple the structure over at this point due to the fact that the line 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 figure 31 

is governed by: 
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╥╞◊◄= ╥░▪ +
╡

╡
 

 

Figure 33: Op Amp Non- inverting 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 ohm resistor for 

R1.  

╥╞◊◄= +  

ὠὕόὸ= 12 ὠ 

For a 9V relay, the ratio of R2 and R1 can be 1 to 1. This can be accomplished by 

implementing a 1K ohm resistor for R2 and a 1k ohm resistor for R1. 

╥╞◊◄= +  

ὠὕόὸ= 10 ὠ 
 

6.5 Spring Deflection  

With a k = 9 lb/in and a required deflection of 0.15 inches, the forced needed is as follows: 
& Ѐ Ë ɝØ 

F= (9 lb/in ) (0.15 in) = 1.35 lb 
Because two springs will be used, the force needed is twice (2.7 lb).  
 



Compost Accelerator  Spring 
2010 

 

Florida International University P a g e | 63 

 

7. Prototype Construction  

7.1 Prototype System Description  

The entire prototype design can be divided into four main mechanisms 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: 

 

Figure 34: System diagram 
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From Figure 32, the four main levels are further subdivi ded. It should be noted that the 

levels are independent from one another, but although the subcomponents of one level are 

completely independent from the subcomponents of another level; they are linked through 

the microprocessor directing the whole process. 

7.2 Prototype Design  

The prototype design and construction can be divided into four main sections. Due to the 

fact that each section is independent from the other, this project can be developed 

simultaneously and be assembled later into one prototype. The three main sections of this 

prototype are as follows: the shredding mechanism, the heating/ oxygenation chamber, the 

decomposition tank, and the compost collection drawer. All 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 that fit into 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 one that would be 

adaptable in size and versatile, that way the frame can adapt to changes in the individual 

levels. 
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Figure 35: 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.  

  

Figure 36: Shredder Mechanism (First Level) 
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Figure 37: 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 user from cutting 

ÔÈÅÍÓÅÌÖÅÓ ×ÉÔÈ ÔÈÅ ÓÈÒÅÄÄÉÎÇ ÍÅÃÈÁÎÉÓÍȢ /ÎÅ ÓÁÆÅÔÙ ÁÓÐÅÃÔ ÏÆ ÔÈÅ ÌÉÄ ÉÓ ÔÈÅ Ȭ,ȭ ÓÈÁÐÅÄ 

design of it which prevents the user from sticking their hand down the funnel with the lid 

ÏÐÅÎÅÄȢ 4ÈÉÓ Ȭ,ȭ ÄÅÓÉÇÎ ÁÌÓÏ ÄÏÅÓ ÎÏÔ ÁÌÌÏ× ÔÈÅ ×ÁÓÔÅ ÔÏ ÄÒÏp onto the shredder with the 

ÓÈÒÅÄÄÅÒ ÔÕÒÎÅÄ ÏÆÆȢ 4ÈÉÓ ÉÓ ÍÁÄÅ ÐÏÓÓÉÂÌÅ ×ÉÔÈ ÔÈÅ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ ÌÉÄȭÓ ÓÅÃÏÎÄ 

safety element: the cutoff switch. This cutoff switch opens the shredder circuit when the lid 

is opened, therefore inhibiting the operation of the shredder when the user is placing the 

×ÁÓÔÅ ÏÎ ÔÏÐ ÏÆ ÔÈÅ Ȭ,ȭ ÐÏÒÔÉÏÎȢ 5ÐÏÎ ÃÌÏÓÉÎÇ ÔÈÅ ÌÉÄȟ ÔÈÅ ÕÓÅÒ ÔÒÉÇÇÅÒÓ ÔÈÅ ÃÕÔÏÆÆ Ó×ÉÔÃÈ ÁÎÄ 

closes the shredder circuit thus allowing the shredder mechanism to operate. 
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Figure 38: 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 bio-material 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 between 15ɀ

25 °C (59-77 °F). At any reading below 59 °F, the heating resistances will turn on until they 

reach a desirable temperature of 76 °F.  
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Figure 39: Second Chamber (Heating/Aeration) 

 
Figure 40: Second Chamber 
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7.2.4 Third level ( Decomposition Tank ) 

4ÈÅ ÄÅÃÏÍÐÏÓÉÔÉÏÎ ÔÁÎËȭÓ ÍÁÉÎ ÏÂÊÅÃÔÉÖÅ ÉÓ ÔÏ ÈÏÕÓÅ ÔÈÅ ×ÁÓÔÅ-consuming organisms and 

aid in the acceleration of the decomposition 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, these conditions 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 decomposition tank is composed of should also be suitable for the environmental 

standards of the organisms.  

The first design that was conceived for the separation needed would use gravity, light, and 

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

ÒÅÓÔ ÏÆ ÔÈÅ ×ÁÓÔÅ ÁÎÄ ×ÏÒÍÓȢ 4ÈÅ ÄÅÓÉÇÎ ÃÏÎÓÉÓÔÓ ÏÆ Á ÃÕÒÖÅÄ ÓÈÁÆÔ ÉÎ Á ÇÅÎÅÒÁÌ Ȱ*ȱ ÐÒÏÆÉÌÅȟ ÁÓ 

seen on the right of Figure 41ȟ ×ÉÔÈ ÔÈÅ ÔÏÐ ÏÆ ÔÈÅ Ȱ*ȱ ÁÓ ÔÈÅ ×ÁÓÔÅ ÒÅÃÅÉÖÉÎÇ ÅÎÄ ÁÎÄ ÔÈÅ 

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 

inter ior 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 supposed 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 there to ensure 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 inside the 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 

ÏÆ ÔÈÅ Ȱ*ȱ ÐÒÏÆÉÌÅȢ !Ô ÔÈÉÓ ÂÏÔÔÏÍ ÅÎÄȟ ÉÔ ÉÓ ÅÁÓÙ and simple for the user to scoop out the 

compost while retaining the waste inside. 



Compost Accelerator  Spring 
2010 

 

Florida International University P a g e | 70 

 

 
Figure 41: 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.  

 

Figure 42: Design of Level 3 (Inner Mechanism) 

4ÈÅ Ȱ*ȱ ÄÅÓÉÇÎ ÈÅÌÄ ÖÁÒÉÏÕÓ ÁÄÖÁÎÔÁÇÅÓ ÏÖÅÒ ÔÈÉÓ ÄÅÓÉÇÎȢ 4ÈÅ Ȱ*ȱ ÄÉÄ ÎÏÔ ÃÏÎÔÁÉÎ ÁÎÙ ÍÏÖÉÎÇ 

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

ÍÁÉÎÔÅÎÁÎÃÅȢ (Ï×ÅÖÅÒȟ ÔÈÅ Ȱ*ȱ ÄÅÓÉÇÎ ÓÁÃÒÉÆÉÃÅÄ Á ÐÒÉÎÃÉÐÌÅ ÏÂÊÅÃÔ ÉÎ ÄÅÓÉÇÎ ÉÎ ÔÈÁÔ ÉÔ 

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 requires 

minimal human interaction.  

 

 

Figure 43: level 3 Design 

7.2.5 Fourth Level ( Compost Collection Drawer ) 

4ÈÉÓ ÄÒÁ×ÅÒ ÉÓ ÌÏÃÁÔÅÄ ÁÔ ÔÈÅ ÂÁÓÅ ÏÆ ÔÈÅ ÅÎÔÉÒÅ ÐÒÏÔÏÔÙÐÅȢ 4ÈÅ ÃÏÌÌÅÃÔÉÏÎ ÄÒÁ×ÅÒȭÓ ÍÁÉÎ 

task is to separate the finished compost 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 user-fr iendly 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 which will 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 retrieve 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 solid filter will also feature a 

ÓÌÉÄÉÎÇ ÍÅÃÈÁÎÉÓÍ ÔÈÁÔ ×ÉÌÌ ÁÌÌÏ× ÔÈÅ ÕÓÅÒ ÅÁÓÙ ÁÃÃÅÓÓ ÔÏ ÔÈÅ ÌÁÙÅÒȭÓ ÓÏÌÉÄ ÃÏÎÔÅÎÔÓȢ 

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 collected liquid can easily be poured out of. As can be 

seen in the diagrams of Figure 44 and Figure 45, the incline of the second layer directs all of 

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

 
Figure 44: Fourth level Front View 

 

 
Figure 45: Fourth level Side View 
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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 the decomposition 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 jamming 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 to successfully 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 processor 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 consistencies and strength is an aspect that is required from the 

ÐÒÏÔÏÔÙÐÅȭÓ ÓÈÒÅÄÄÅÒȢ 4ÈÉÓ ÎÅÃÅÓÓÉÔÙ ÐÌÁÃÅÓ Á ÆÏÏÄ ÐÒÏÃÅÓÓÏÒ ÂÁÓÅÄ ÄÅÓÉÇÎ ÏÖÅÒ ÏÔÈÅÒ 

designs such as the paper shredder. Moreover, the food processor design is a much more 

compact one than other competing 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 confirmed that the food processor design was the most adept for being used in 

construction, a viable processor was searched for and purchased. In purchasing the 

processor, a few factors were taken into consideration. Desired features of the food 

processor were electric 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 electric motor 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 will allow 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 of the prototype which will help achieve 

the goal of making a marketable consumer-friendly 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 onto the cutting 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 minimizing 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 mechanism should be kept separate of the 

incoming waste particles, as these pieces are able to short the shredder circuit as well as 

ÃÏÒÒÏÄÅ ÔÈÅ ÃÉÒÃÕÉÔ ÃÏÍÐÏÎÅÎÔÓȢ 2ÅÃÁÌÌ ÔÈÁÔ ÔÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÓÈÒÅÄÄÅÒȭÓ ÅÌÅÃÔÒÉÃ ÍÏÔÏÒ ÉÓ 

offset from the cutting area of the 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 seen in Figure 46. 
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Figure 46: 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 

duri ng 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, rivets, 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 mechanism, 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 

ÔÈÅ ÄÁÍÐÅÎÉÎÇ ÏÆ ÔÈÅ ÓÈÒÅÄÄÅÒȭÓ ÖÉÂÒÁÔÉÏÎÓȢ 

Heating resistances  
 

 
Figure 47: Heating Resistances 

The heating resistances implemented on this system were taken directly from a waffle 

maker because of the temperature it provided and the non-sticky 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 control the alternating current without having any 

feedback back into the microcontroller. The nominal coil voltage of the relays is 12 V with a 

σπ Í! ÃÕÒÒÅÎÔȢ 3ÉÎÃÅ ÔÈÅ ÍÉÃÒÏÃÏÎÔÒÏÌÌÅÒ ÃÁÎ ÏÎÌÙ ÓÅÎÄ υ6 ÓÉÇÎÁÌÓȟ ÔÈÅ ÒÅÌÁÙ ÃÁÎȭÔ ÂÅ ÄÒÉÖÅÎ 

directly. Consequently, an operational amplifier is needed to induce the minimal voltage in 

order to control the switch.  
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Figure 48: Electromechanical Relay 

Operational amplifier  

The op amp is set up for a gain of 2.5 with resistor configuration of 3K ohms for R1 and 2 k 

Ohms for R2 in a non-inverting configuration to avoid any feedback to the microcontroller . 

The op amp is connected to a positive power supply of 30 V with 850 mA and a negative 

supply of 12 V and 850 mA. The output voltage is 12.5 V which is slightly above the nominal 

voltage to drive the electromechanical relay.  

 

 

Figure 49: Operational Amplifier 

 
Fans and SPST Relays 

The fans implemented on the system serve to oxygenate as well as heat or cool the second 

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 
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operating voltage than the one provided by the BS2. Because of this, Single 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 is 5V and 20 mA. The circuit will have 3 

5V relays in order to control the 3 fans within the entire system.  

 
Standard Servo Motor (180 deg)  

 

Figure 50: "Standard" Parallax Servo Motor 

 

4ÈÅ ȰÓÔÁÎÄÁÒÄȱ ÓÅÒÖÏ ÍÏÔÏÒ ÉÍÐÌÅÍÅÎÔÅÄ ÉÎÔÏ ÔÈÅ ÐÒÏÔÏÔÙÐÅ ÄÅÓÉÇÎ ÉÓ ÓÕÐÐÌÉÅÄ ÂÙ 0ÁÒÁÌÌÁØȟ 

Inc. This is a typical electric servo motor where a current induces a magnetic field to rotate 

ÔÈÅ ÓÈÁÆÔȢ 4ÈÉÓ ÐÁÒÔÉÃÕÌÁÒ ÍÏÄÅÌ ÉÓ ÉÄÅÎÔÉÆÉÅÄ ÁÓ Á ȰÓÔÁÎÄÁÒÄȱ ÓÅÒÖÏ ÍÏtor due to its limited 

ÒÏÔÁÔÉÏÎ ÒÁÄÉÕÓ ÏÆ ρψπ ÄÅÇÒÅÅÓ ÁÓ ÏÐÐÏÓÅÄ ÔÏ Á ȰÃÏÎÔÉÎÕÏÕÓȱ ÓÅÒÖÏ ÍÏÔÏÒ ÔÈÁÔ ÍÁËÅÓ ÆÕÌÌ 

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

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

characteristics are ideal.  
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HS1101 Relative Humidity Sensor 

 

Figure 51: 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 film composed 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 fluctuations 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 sensor cell.  

 

AD592 Temperature Probe 

Temperature probes such as the AD592 shown 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 couple 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 (-25 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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Figure 52: Analog Temperature Probe 

Serial LCD  

 

Figure 53: 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 displays 16 columns by 2 

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

ÄÉÓÐÌÁÙÉÎÇ ×ÏÒÄÓ ÓÕÃÈ ÁÓ Ȱ4ÅÍÐÅÒÁÔÕÒÅȰ ÏÒ Ȱ(ÕÍÉÄÉÔÙ Ȱ ÁÂÏÖÅ Á ÂÏÔÔÏÍ ÌÉÎÅ ÄÉÓÐÌÁÙÉÎÇ ÔÈÅ 

real-time reading for the appropriate parameter. Within the programming specific to this 

ÓÃÒÅÅÎȟ ÔÈÅ ȰÄÉÇÉÔÓȱ ÃÁÎ ÁÌÓÏ ÂÅ ÐÒÏÇÒÁÍÍÅÄ ÔÏ ÄÉÓÐÌÁÙ ÐÒÅÌÏÁÄÅÄ ÃÈÁÒÁÃÔÅÒÓ ÓÕÃÈ ÁÓ 

ȰÓÍÉÌÅÙȭÓȱ ÁÎÄ ÂÁÓÉÃ ÓÈÁÐÅÓȢ ! ÕÓÅÒ ÍÁÙ ÁÌÓÏ ÄÅÃÉÄÅ ÔÏ ÉÎÃÏÒÐÏÒÁÔÅ ÃÕÓÔÏÍ ÃÈÁÒÁÃÔÅÒÓ ÂÙ 

programming the required code into the EEPROM (Electronically Erasable Programmable 

Read Only Memory) of the serial LCD. In addition to displaying text, the LCD is also 
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ÐÒÏÇÒÁÍÍÁÂÌÅ ÔÏ ÍÏÖÅ ÁÎÄ ÓÅÔ ÔÈÅ ȰÃÕÒÓÏÒȱ ÌÉÎÅ ÔÏ ÁÎÙ ÄÉÇÉÔ ÏÎ ÓÃÒÅÅÎ ÔÏ ÁÌÔÅÒ ÓÐÅÃÉÆÉÃ 

characters. Of note, this specific serial LCD model implements 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 measures about 

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 compatible 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 it contains 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 ÆÒÁÍÅȟ Á ÓÌÏÔÔÅÄ Ȭ,ȭ ÂÅÁÍ ×ÁÓ ÕÓÅÄȢ 4ÈÉÓ ÂÅÁÍ ÃÏÎÓÉÓÔÓ ÏÆ ÉÒÏÎ ×ÉÔÈ ÚÉÎÃ 

plating which allows for structural rigidity as well as corrosion resistance. Due to the 

decaying environment that will exist within the prototype, corrosion-resistant materials 

are a necessity 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 inches width, 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 54 supporting the completed construction 

of the first level. 
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Figure 54: 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 funds towards other aspects of the prototype. This same 

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

ÔÈÅ ÓÈÒÅÄÄÉÎÇ ÃÈÁÍÂÅÒ ×ÅÒÅ ÃÏÎÓÔÒÕÃÔÅÄ ÆÒÏÍ ÔÈÅ ÁÄÁÐÔÁÔÉÏÎ ÏÆ Ô×Ï ȬÓÈÅÅÔ ÍÅÔÁÌ ÂÏÏÔÓȭȢ 

Sheet metal boots are generally 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 funnel-resembling overall 

shape. Fortunately, 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 shredding 

chamber. The rectangular opening of the first boot (cross-sectional 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 of the 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 closing the 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 shredding area and drop freely to the second level. Both boots 

can be seen in Figure 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.  

 

Figure 55: Gears Case 










































































































































