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ABSTRACT 
 
 To reduce the amount of residential paper waste sent to landfills, International Paper 
(IP), a leading paper manufacturer, stressed a need for a home paper recycling system.  This 
project was a feasibility study for IP to determine if a market exists for personal recycling, 
and if a machine could be designed to recycle paper efficiently for a homeowner.  The 
machine was to be designed to accept uncoated white paper and direct mail.  Key customers 
for this device included homeowners, as well as IP.  
 
 The project was led by Nicholas Kaminski and Ian Mathews, Mechanical Engineering 
Technology (MET) seniors at the University of Cincinnati.  The responsibilities of the 
various system components were divided between both members; Kaminski was responsible 
for the machine’s input method including product hopper, a shredding system (purchase or 
design), and a shredded material container along with a paper wetting process if necessary.  
Mathews was responsible for an electrical system, formation of the final pelletized product, 
and a possible chemical treatment system (with assistance from IP where needed).  Product 
objectives were set to evaluate the machine’s ability to meet the customers’ needs, once 
complete.  These were confirmed through measure and observation making up a proof of 
design. 
 
 Design limitations discovered through research led to an alternative project schedule 
producing a proof of concept model for the CAS Technical Exposition May 22, 2008.  This 
working proof of concept produced paper pellets that could be used as pet litter, and were 
comparable to existing paper pellet pet litter available to consumers 
  
 The Home Paper Recycling Machine was fully funded by IP, with a total budget of 
$5,000.  Due to the design changes, the total amount spent fell under $3200, while the total 
amount invested in the working model was just under $1500.  In return, IP had significant 
influence on the machine’s design, and retain ownership of the rights to the machine as built.  
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INTRODUCTION 
 
 Currently, the average adult in America receives an estimated 41 pounds of "junk mail" 
per year (1).  Add in the daily 
newspaper and monthly magazines, 
and that number increases 
significantly.  The EPA reported 
that 84 million tons of paper waste 
was produced in 2005 alone (2).  
Additionally in 2005, only 50% of 
all paper waste was sent to 
recycling facilities, still leaving 
over 40 million tons of paper sent 
to landfills (See Figure 1). 
     
       Figure 1 - 2005 Recycling Rates and Materials 
 
 
 International Paper (IP), one of the largest paper 
manufacturers in the country, stressed a need to reduce the 
amount of paper waste sent to landfills.  IP requested that a 
prototype machine be developed that can process mail and 
uncoated white paper into one of several products that could be 
reused around the home.  Possible pellet uses include: 
compostable material, pellets for burning in a furnace or stove, 
loose fill packing material, or pet bed material and litter such as 
BioCatolet, a cat litter made from 100% Recycled Paper (See 
Figure 2).   
               Figure 2 - BioCatolet  
                           Cat Litter Made From  
                           100% Recycled Paper 
 
 The objective of this project was to evaluate the practicality of such a machine for 
commercial sale through the design and analysis of a working model.  This proof-of-concept 
to be developed will allow International Paper to fully realize the potential effectiveness of 
such a machine on the market, while understanding the full impact of its efficiency and 
feasibility.  The prototype features various stages including paper shredding, pulping, 
mixing, and die extrusion to achieve a final pellet form.  In a worst-case scenario, the process 
would require chemical treatment, compression, drying, and a designed shredding system.  A 
best-case scenario would allow for the use of an existing shredding system, and it would not 
require chemical treatment. 
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RESEARCH – EXISTING PRODUCTS 
 
 Extensive research confirmed that no similar paper recycling systems exist on the 
market.  The closest match found was a home organizer for recyclable goods called the 
EcoPod.  This product employs a manual can crusher, along with various collection bins 
intended to effectively sort and store recyclable goods used in a home setting (See Figure 3) 
(3).  In comparison to the proposed Home Paper Recycling Machine, the EcoPod is strictly a 
material organizer; it is not automated, nor can it be used to convert materials for reuse.  A 
complete listing of the Internet sources used in research can be found in Appendix A. 
Further details about the EcoPod can be found in Appendix A4. 
 
 

 
Figure 3 - EcoPod E1: Home Recycling Center 

 
 
 Industrially speaking, paper-pelletizing machines are available through the manufacturer 
California Pellet Mill (CPM).  These machines accept large volumes of paper and reduce it 
to fine fibers through grinding process (4).  Rather than mixing the paper with water, such as 
in paper pulping, the shredded fibers are combined with steam and, with up to 800 
horsepower, are compressed in a rotating perforated drum by steel rollers, forcing the 
moistened paper centripetally through the rotating die (See Figure 4) (4).  This process is 
used by several leading manufacturers of paper pellets because of its ability to process high 
volumes of paper, and the use of steam, rather than excessive water, allows for a more 
continuous process.  For the scale of the Home Paper Recycling Machine, the concept of 
CPM’s machines was simple and practical, but the use of steam would lead to higher-than-
acceptable energy use and operating cost for a homeowner. 
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 A previous MET Senior Design Project titled Shredder, Organic Composting by MET 
graduate Anthony Stenger is similar to the proposed product, but it was intended for outdoor 
use.  The project was designed to accept leaves, grass, and other organic yard waste; the 
machine shredded the material converting it into compost, while also effectively reducing the 
overall volume of the material (5).  This project is important because of the incorporated 
large scale shredding system, similar to one a paper-recycling machine may require.  In 
contrast to the Home Paper Recycling Machine, Stenger’s design incorporated a gasoline 
engine to power the device; the Home Paper Recycling Machine is required to operate 
strictly on standard household electricity.  See Appendix A5 for a brief synopsis of this MET 
Project. 
 
 Another previous MET Senior Design Project titled Solid Waste Pelletizer by MET 
graduate Robert A. Geglein is similar in design to the proposed machine, but was designed to 
accept solid chemical waste from industrial applications, hazardous waste that would 
otherwise be sent to a landfill (6).  The device combined the solid waste material with 
chemical additives, and used an auger feed system to compress the mix into pellets (6).  This 
machine differs from the above-proposed one because the end use of the solid waste pellets  

Figure 4 - Pelletizing Machine by California Pellet Mill 
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was specifically meant as a burnable source of energy, boasting 1,000BTU per pellet (6).  
This project was important because of the Archimedes screw compression and extrusion 
system used to form the solid waste material into pellets; the Archimedes screw was a viable 
solution considered for extruding paper in the design of this machine.  See Appendix A6 for 
a brief synopsis of this MET Project. 
 
 
RESEARCH – END PELLET USABILITY 
 
 Due to varying required pellet size and density for each of the possible end uses, it 
became necessary to select one primary end use to continue the machines design process.  
Researching the use of paper in compost and soil enhancement revealed the size of the pellet 
to be highly important based on its intended application.  Jim Edwards, a soil scientist with 
ARS in Auburn, Alabama, determined that a paper pellet of 3/8-inch diameter is ideal for 
loosening soil and preventing natural compaction (7).  However, similar studies in soil 
erosion show an ideal pellet size of 2-4 inches long and ¾-inch diameter to effectively resist 
erosion (7).  Furthermore, uncoated white paper can have a carbon/nitrogen ratio of up to 
150:1, much higher than the preferred 30:1 ratio required for successful composting (7).  
Without a nitrogen-rich additive, such as manure, the paper would leach nitrogen from the 
soil causing harm to local plant life.  Due to varying required pellet size and the harmful 
carbon/nitrogen ratio found in white paper, the use of paper pellets in compost or soil 
enhancement was eliminated.   
 
 Research showed that burning uncoated white paper could possibly release the bleaching 
chemicals used in manufacturing, as well as harmful dioxins into the air; Mary Setnicar, a 
regional representative for Non-Hazardous Solid Waste Management within the 
Environmental Protection Agency (EPA), supported this research saying that the fumes could 
be toxic in high enough quantities (8).  For these reasons, the use of paper pellets for burning 
or cooking was eliminated. 
 
 Research into polystyrene and packing peanuts showed that not only was the aerated 
foam important in protecting an item during shipment, but the packing factor, density, and 
specific geometry of each peanut all worked together to make a superior packaging material 
(See Figure 5). Because it was impossible to replicate these material properties with paper, 
the use of paper pellets as a loose-fill packing material was eliminated.   
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Figure 5 - Common Shapes of Packing Peanuts 

 
 

 The use of paper pellets as pet cage lining/litter proved to be the most feasible as paper is 
naturally absorbent, soft, and research determined commercial inks are both soy-based or 
organic, and non-toxic.  A great number of recyclable paper pellet products already exist on 
the market for use as pet bedding/litter due to these inherent qualities (9). 
 
 Two leading companies producing 100% recycled paper pet litter are Purina’s 
Yeterday’s News and Cell-Sorb Plus (See Figure 6).  Both companies use CPM pellet mills, 
however, Cell-Sorb Plus runs their paper pellets through an additional pulverizing process to 
obtain a cracked exterior resulting in higher pellet absorbency.  Cell-Sorb Plus also adds a 
mineral to their product, which counteracts the odor of ammonia, making it an ideal pet litter 
for use in the home.  Properties, such as density and absorbency, of the pellets produced 
through the Home Paper Recycling Machine will be compared to those of Yesterday’s News 
and Cell-Sorb Plus to rate its effectiveness as a marketable pet litter.   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6 - Yesterday's News and Cell-Sorb Plus 100% Recycled Paper Pet Litter 



HOME PAPER RECYCLING MACHINE Nicholas Kaminski 

11 

INTERVIEWS 
 
 Interviews were held with the project’s manager within IP, Kapil Singh, to gather the 
necessary information and project input that IP wanted included in the prototype’s design 
(10).  Some of the key features important to IP included: the machine must be easy to 
operate, the machine must convert mail into a compact, easily handled, recyclable form, and 
the machine must be able to handle most uncoated mail.  Additionally, the machines ability 
to handle magazines and coated paper was desirable to IP but not necessary.  A complete list 
of project requirements given by IP can be found in Table 1.  Notes from the interview can 
be found in Appendix A7. 
 
 

Table 1 - Machine Requirements from International Paper 
 
 
 During a personal interview with a local representative for Cell-Sorb Plus, Steve 
Fangman explained the process of manufacturing 100% recycled paper pet liter on an 
industrial scale (11).  He referred to CPM for the production machinery used, and provided 
samples of both Cell-Sorb Plus and Yesterday’s News’ paper pellets for analysis and 
comparison to those made from the Home Paper Recycling Machine.  Furthermore, Fangman 
provided a data comparison sheet of Cell-Sorb Plus and their competitors relating pellet 
density, absorbency, and dust content to which pellets of the Home Paper Recycling machine 
would later be compared.  While this data sheet was not available for public disclosure, notes 
from the meeting with Steve Fangman can be found in Appendix A8. 
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RESEARCH – EXPERIMENTATION 
 
 A great deal of research was required in order to ensure that uncoated white paper could 
be pulped and extruded through a die using relatively low forces, all while maintaining a 
small overall package.  Tests were performed using a kitchen blender and food processor to 
combine shredded paper and water, to determine if such appliances would sufficiently and 
economically make paper pulp.  Research supported the use of a food processor for low-
volume applications due to the serrated stainless steel blade set, and motor power and speed 
already designed for kitchen applications.  The food processor used throughout the project 
was the PowerPro II by Black and Decker, it houses a motor rated at 500W, which would be 
later used within the Home Paper Recycling Machine (See Figure 7). 
 
 

 
Figure 7 - PowerPro II Food Processor by Black and Decker 

 
 
 With minimal information concerning die extrusion of paper, existing products such as 
pasta makers and meat grinders were researched for die geometry and design, comparing the 
thickness and viscosity of a paper pulp suspension to that of pasta dough or ground meat.  
The Popeil Pasta Maker by Ronco incorporates an Archimedes screw, which rotates to 
combine ingredients, then reverses rotation to force the dough through a die plate (See Figure 
8).  Standard pasta dies are typically hexagonally shaped with varying number of holes 
depending on die diameter, and hole diameters varying from one system to another 
depending on desired end product.   
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 Die extrusion testing was performed using an air pump as an extrusion chamber, and 
simulating a die plate by drilling holes through the base of the pump.  The paper pulp 
suspension was loaded into the chamber of the pump and forced through the drilled holes to 
estimate the required force to extrude paper pulp.  It was found that without the addition of 
chemicals to the paper pulp, the pulp suspension would not flow through the die plate. 
 
 Dr. Daniel J. Klingenberg, a professor of chemical engineering at the University of 
Wisconsin-Madison, collaborated on a study involving the extrusion of paper pulp, his efforts 
were published in the article Pulp Extrusion for Recycling Waste Paper and Paper Mill 
Sludges.  Klingenberg discovered that with the addition of a rheological modifier, such as a 
food-grade emulsifier known as Sodium CarboxyMethyl Cellulose (Na-CMC), a pulp 
suspension becomes homogenized and fluid enough to consistently flow through a die plate 
(12).  Testing proved Klingenberg’s findings, and determined 3% Na-CMC to weight of dry 
paper to be an ideal addition to the pulp (12).  With this discovery, a pulp suspension would 
easily flow through the experimental extrusion chamber, and maintained form after leaving 
the die.  The addition of Na-CMC also allowed for a decrease in water content while still 
creating a fluid, consistent suspension. 
 
 Using the food processor, further experimentation was done to obtain ideal water/paper 
ratios for the paper pulp suspension during both the pulping process and the later extrusion 
process.  It was determined that a water/paper ratio of at least 6:1 was needed to successfully 
turn paper and water into a pulp suspension, though as high as 10:1 made the process faster, 
and resulted in a more consistent mixture.  However, a water/paper ratio of a 3:1 was found 
ideal for extrusion through a die plate; with a higher ratio of water, the pulp failed to 
maintain form after leaving the die, and considerable pellet shrinkage occurred after the 
pellets were dry.  Too low a ratio, and the pulp suspension bound up within the extrusion 
chamber never passing through the die.   

Figure 8 - Popeil Pasta Maker by Ronco 
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CUSTOMER NEEDS 
 
 Customer needs relating to the Home Paper Recycling Machine, such as: easy operation, 
quiet operation, and process status indication, were included on a survey to gather customer 
importance of each.  From the survey results, the weighted customer needs were built into the 
final design of the product.  A list of the customer needs along with a valued importance for 
each can be found in Table 2. 
 
 
CUSTOMER SURVEY 
 
 The customer survey was distributed to 42 people at random, and in different settings to 
help obtain an unbiased result.  The distribution process included surveying employees 
within two different office buildings, key managers at International Paper, and civilians at the 
Kenwood Towne Centre shopping mall.  In addition to determining basic product features 
and operation, the survey was used as preliminary marketing research asking each person 
their interest in such a product, as well as for a rough estimate as to what one might pay for 
such a device.  Potential customers were also asked to rate their ideal end use for the paper 
pellets, as the final design would not likely incorporate multiple end uses (See Table 3).   
 
 
 

 
 
 
 
 
 
 
 
 

Table 2 - Customer Needs with Valued Importance 
 
 
ANALYSIS 
 
 The survey proved the machine’s cost to be most important having a 4.8 importance 
value, while the color of the pellets was relatively insignificant to the customer receiving 
only 1.9.  The results also provided importance values for each of the possible final uses of 
the pellets.  The possible uses of the paper pellets included: packaging material, 
biodegradable compost supplements, burnable fuel pellets, and pet bedding.  See Table 3 for 
the complete list of possible pellet uses with their average customer importance values.  The 
rated importance values for the final use of the pellets were a near tie among three of the six 
listed options: packaging material, burnable pellets for fuel, and compost supplements.  The 
survey results were tallied, and the results from the quality function deployment (QFD) show 
the average count for the above three uses came to 4.00, 3.95, and 3.91 respectively.  The 
QFD can be found in Appendix B1. 
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Table 3 - Possible End Uses with Valued Importances 
 
 
 Relative importance values were determined for each engineering characteristic through 
the QFD.  The engineering characteristics included: hopper design, manufacturing costs, 
materials used, and the operating noise level of the machine.  A list of all engineering 
characteristics with relative importance values can be found in Table 4.  With the sum of all 
relative importance values equaling 1.0, the hopper design received the highest importance 
rating of 0.21, cost of manufacturing was assigned an importance of 0.15, and the machine 
having a robust design was only given 0.09 importance rating.  The relative importance 
values will be used to drive product design and will help determine characteristic priority for 
the project to stay within budget. 
 
 
 

 
 
 
 
 
 
 
 
 
 

Table 4 - Engineering Characteristics with Relative Importance 
 
 
 Contrary to the decline of people buying newspaper, as suggested by Internet research, 
the majority of people surveyed responded favorably for the machine to accept both white 
paper as well as newspapers to be processed into pellets.  Furthermore, the majority of people 
said they would spend up to $300.00 on such a machine if one existed on the market.  The 
customer survey with results can be found in Appendix C1. 
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PRODUCT OBJECTIVES 
 
 Using the engineering characteristics a list of product objectives, used to evaluate 
customer needs, was created and can be found in Table 5.  Each objective will later be 
evaluated either visually or through physical measure to determine the effectiveness each has 
in relation to the customer needs.  The table lists the measurable objectives along with a 
target goal and evaluation method for each.  A complete list of the product objectives can be 
found in Appendix D1. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5 - Product Objectives with Testing Methods and Goals 
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DESIGN ALTERNATIVES 
 
 Design alternatives for the Home Paper Recycling Machine were created through 
brainstorming, and considered each stage of the machine’s process including: an input 
method, the shredding components, the method of pellet forming, and the method for pellet 
drying.  This list of machine features was matched with a list of possible means through 
which each feature could be completed (See Table 6).  With multiple possible means for each 
feature, four complete system alternatives were created, each proposing only one possible 
means for each feature. The design alternatives were placed into morphological boxes for 
comparison.    
 
 
 

 
 Because the significant differences among the four alternatives included the input 
method, paper wetting process, and pellet formation, the four design alternatives were titled 
Hopper, Spray, Auger, Slot, Spray, Auger, Hopper, Soak, Linear, and Slot, Soak Linear for 
easy comparison and identification.  The four morphological boxes highlighting each design 
alternative can be found in Appendix E1.  
 
 
DESIGN SELECTION 
 
 From the four design alternatives, one final design was selected using Pugh’s Concept 
Selection Method.  This entailed selecting an initial datum design, Hopper, Spray, Auger, to 
which the three remaining designs were compared and weighted based on the ability for each 
to satisfy the customer needs.  The first trial eliminated Slot, Soak, Linear, and determined 
Slot, Spray Auger to be the datum design for trial two.  Through this process, the design Slot, 
Spray, Auger was found to be the most ideal design for the Home Paper Recycling Machine.  
The Pugh’s Concept Selection Method process can be found in Appendix F1. 
 

Table 6 - Morphological Box with Machine Features and Posisble Means 
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DESIGN 
 
 The Home Paper Recycling Machine as designed was a fully integrated, automated 
process that accepts uncoated white paper and direct mail and, through multiple stages, 
converts the paper into extruded pellets.  This report discusses the machine’s input method, 
the shredding system, the pulping and mixing chambers, and the water system.  Please refer 
to Home Paper Recycling Machine by Ian Mathews for discussion of the pellet formation 
system, electrical system, and the machine’s frame and support. 
 
 
COMPLETE SYSTEM DESIGN 
 
 The various stages of the machine included a shredding system, a pulping chamber with 
an integrated water system, an automated press to remove excess water, a mixing chamber, in 
which the paper pulp was combined with the rheological modifier, and an extrusion system, 
through which the final pellet form was obtained (See Figure 9).  The system was designed to 
operate with a full load of 3 ounces (0.1875lbs) of dry paper, by weight, producing over 630 
¼ inch diameter by ¾ inch long pellets per load.  The system was designed to operate on 
standard household 120VAC input, and was automated through a PLC control system.  
 
 
 
 
 
 
 

Figure 9 - Complete Assembly as Designed 
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 With the approval of IP and Professor Amir Salehpour (advisor), only the extrusion 
system was built and tested prior to the Technical Exposition, May 22, 2008 (See Figure 10).   
It was mutually decided that for demonstration purposes, the separate paper shredder and 
food processor could represent the stages of paper shredding and pulping, thus making up the 
complete proof of concept. Additionally, to meet the May 22 deadline, the design of several 
non-critical components was never fully completed; the components affected by this decision 
include the automated press for water-removal, and the manually operated bottom-sealing 
doors for both the pulping and mixing chambers; both components were designed 
conceptually, but a lack of time didn’t allow for completion. 
 
 

 
 
INPUT METHOD 
 
 While the input method was considered most important, due to the safety guards and 
ergonomics required by the customer, the integrated slot-loading hopper was eliminated for 
the proof-of-concept design due to complexities inherent in the part’s required geometry and 
custom plastic fabrication.  Instead, a slot-loading commercial paper shredder head was 
mounted directly to the machine eliminating the need for a custom designed and molded 
plastic hopper.  Ergonomics was considered in the placement of the shredder head for daily 
access and ease of use, the shredder head was mounted at a comfortable height of 40 inches 
off the ground. 

Figure 10 - Extrusion Section as Built for Tech. Expo. 
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SHREDDING SYSTEM 
 
 The shredding system was composed of an AT-MC1000 model commercial paper 
shredder by Ativa (See Figure 11).  This model offered a ten-sheet cutting capacity, an 8¾-
inch cutting throat, and a maximum shredding speed of 7.2 feet per minute (13).  
Additionally, the AT-MC1000 incorporated a heavy-duty cutting head capable of cutting 
through compact disks, staples, and paper clips, a sign of a robust cutting head.  Furthermore, 
it reduced a single letter-size sheet of paper into nearly four thousand pieces, each measuring 
1/16 inch by 3/8 inch.  Achieving such small pieces directly from the shredder was ideal for 
paper pulping as well as obtaining small enough fibers for proper extrusion.  Further 
specifications regarding the selected paper shredder can be found in Appendix G1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
PULPING AND MIXING CHAMBERS 
 
 To simulate industrial paper pulping on the scale required for a home appliance, a 
pulping chamber was designed using the 500W (0.6705hp) motor and serrated stainless steel 
blade set from the food processor used throughout experimentation (See Figure 12).  The 
chamber itself was designed as a top-loading clear-polycarbonate cylinder with a removable 
bottom, which also sealed the chamber while combining the water and paper.  The clear 
polycarbonate tubing was selected for its excellent durability and ease of cleaning, while 
allowing the user to visually observe the process in operation.  The bottom of the chamber 
was designed to be raised and lowered manually with a lever and guide-rail system allowing 
the user to easily empty the chamber of its contents, and then raise and lock the bottom 
resealing the chamber.  The bottom seal was designed from ¼ inch thick Buna-N rubber with 
a durometer rating of 55A.  An adhesive backing allowed for the rubber to be attached to a 
machined aluminum 6061-T6 disc providing rigidity to support the weight of the water and 

Figure 11 - Model AT-MC1000 Paper Shredder by Ativa 
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paper, while remaining flexible enough to form a water-tight seal against the bottom of the 
chamber.  Due to time constraints, this concept was never fully realized.   
 
 The serrated blade set was to be removed from its plastic hub and reattached to a newly 
design hub to be machined from aluminum 6061-T6.  The aluminum hub would have 
allowed for direct attachment to the ½ inch diameter stainless steel motor-driven shaft.  This 
hub was also never fully designed as the use of the food processor as packaged proved 
sufficient for the proof of concept prototype being built.  The shaft was to be cantilevered 
into the chamber with top-support from a pair of angular contact bearings held into place 
with ring-grooves.  While the shaft was fully designed, it was never assembled, as it was not 
critical to the success of the extrusion system.  The 500W motor was attached to the chamber 
externally and connected to the shaft via a synchronous belt and a 1:1 pulley drive providing 
the necessary speed and torque to pulp the paper.  A 3/8-inch synchronous timing belt was 
selected with 74 grooves, a pitch length of 14.80 inches, and a fiberglass tension member for 
increased durability.  Additionally, the selected belt was rated for use up through 1 
horsepower, which proved more than adequate for the application.  The pulleys were made 
from aluminum alloy, and would have attached directly to the shaft for adequate power 
transmission from the motor.  Further information on purchased parts can be found in 
Appendix G. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 - Pulping and Mixing Chamber as Designed 
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 The cantilevered shaft was designed for complete submersion within the paper and water 
being pulped.  304 stainless steel was selected for corrosion resistance, while a calculated 
diameter of 0.5 inches was found adequate while maintaining a design factor of 2.0.  The 
bearing selection was never finalized, but was to be angular contact bearings for shaft 
support and positioning.  Additionally, a suitable load capacity and bearing life rating was to 
be considered in the selection.  See Appendix H1 for shaft diameter calculations. 
 
 The transition between the two chambers was to be accomplished through the use of a 
330lb linear actuator, identical to that used in the extrusion system.  Similar to a French 
Coffee Press, the actuator would compress the paper pulp against a hard-stop removing the 
water until achieving the ideal 3:1 water/paper ratio.  Due to time constraints, this transition 
was never completed, as it was not critical to the extrusion system to be built for the 
Technical Exposition.  Technical specifications concerning the selected linear actuator can be 
found in Appendix G2. 
 
 To facilitate design and fabrication, the mixing chamber was designed identical to the 
pulping chamber including the 500W motor and blade set, cantilevered shaft, and manually 
operated bottom door/chamber seal.  Component drawings pertaining to the pulping and 
mixing chambers can be found in Appendix I. 
 
 
WATER SYSTEM 
 
 With an ideal water/paper ratio of 10:1 for pulping, the integrated water system was 
designed to gradually add 30 ounces of water to the 3 ounces of paper, both by weight.  This 
was achieved through a purchased water pump, 3/16 inch ID blended PVC/polyurethane 
tubing with 3/16-inch fittings. The fittings allowed connection to 1/8-inch spray nozzles 
having a 120-degree cone spray of 0.43 gallons per minute (55 oz./min).  All components of 
the water system were purchased through McMaster Carr and the process was to be 
controlled through the system’s PLC, turning the pump on when the full 3 ounces of paper 
was present in the pulping chamber, and off once 30 ounces of water had been added to the 
chamber.  Further details about the water pump can be found in Appendix G3.  Drawings of 
the complete machine assembly as designed can be found in Appendix J. 
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FABRICATION AND ASSEMBLY 
 
 Due to the time constraints only allowing a proof of concept prototype built for the 
Technical Exposition, the fabrication and assembly tasks were equally distributed between 
Kaminski and Mathews; this report covers the fabrication of the extrusion tube-clamps and 
the linear actuator pivot-blocks.  Please refer to Home Paper Recycling Machine by Ian 
Mathews for fabrication and assembly of the die plate, component mounting plates, extrusion 
guide rail system, and system programming. 
 
 The extrusion tube clamps were created from an aluminum 6061-T6-plate 4-inches x 4-
inches x 0.5-inches.  Using the lathe, the plate was mounted in a 4-jaw chuck allowing a 
1.375-inch radius hole to be turned through the piece off-center.  The square aluminum piece 
was later cut in half using a vertical bandsaw producing the two sides of one tube clamp (See 
Figure 13).  Through-holes were drilled through both pieces allowing for bolts to secure both 
the clamp and the tube to the extrusion tube mounting plate, created by Mathews. 
 
 Pivot-mounting blocks to support the linear actuators were milled from two solid blocks 
of aluminum 6061-T6, the deep groove allowed for the pivot mount on the actuator to rest on 
a shoulder bolt to be attached later.  Each milled block was later drilled and tapped for the 
shoulder bolt, as well as counter-bored 1/8-inch to recess the bolt’s head achieving full 
shoulder contact with the milled block (See Figure 14). 
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Figure 13 - Tube Clamps Created with Off-Center Turning 
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Figure 14 - Linear Actuator Pivot Blocks Milled and Drilled 
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PROOF OF DESIGN 
 
 The proof of design agreement made in the early stages of the project defined several 
key objectives for the machine to meet once complete.  Due to the limitations and obstacles 
that arose throughout the design process, only the extrusion system of the machine was built 
for the Technical Exposition.  Because of this, some of these objectives were not met, as 
without the machine completely built, were impossible to test and prove.  Please refer to 
Table 6 for the machine’s product objectives. 
 
 
PROOF OF DESIGN 
 
 The Home Paper Recycling Machine as designed was a fully integrated, automated 
process.  However, with only the extrusion system fully built and tested prior to the 
Technical Exposition the product objectives: must operate quietly, must be easy to operate, 
and must be easy to maintain, were not possible to prove.  The goals set for these objectives 
are believed still valid and important if work is to be continued towards the project’s 
completion in the future.  The final objective was to compare the absorbency of the 
experimental paper pellets produced to those currently already on the market, Cell-Sorb Plus 
and Yesterday’s News.  It was determined that while both existing paper pellets are produced 
through the same process, Cell-Sorb Plus pellets are sent through a pulverizing process 
producing a cracked surface, making them more absorbent that the pellets of Yesterday’s 
News.  Comparatively, the pellets produced through the Home Paper Recycling Machine 
ranked between the two existing products in a water absorbency test. 
 
 
TESTING METHODS 
 
 Pellet absorbency testing was performed through a 5-minute soak test; one ounce of each 
brand of pellets, by weight, was fully submerged in water for 5 minutes.  The pellets were 
then weighed determining the amount of water retained.  It was found that Cell-Sorb Plus, 
with its cracked surface, rated the highest retaining 1.8 ounces of water, or 180% its weight. 
The pellets produced through the Home Paper Recycling Machine rated between Cell-Sorb 
Plus and Yesterday’s News, the absorbent quality attributed to the use of the rheological 
modifier Na-CMC, as it is designed to absorb moisture, resulting in an exceptional 
experimental pet litter (See Table 7). 
 
 
 
 
 
 
 
 
 

Table 7 - Paper Pellet Absorbency by Percent Weight 
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PROJECT MANAGEMENT 
 
 As certain limitations and obstacles arose while designing the Home Paper Recycling 
Machine, significant differences concerning the originally proposed schedule and budget 
became apparent.  In an attempt to recover, a secondary schedule and budget, which would 
later become the actual schedule and budget, were created reflecting the necessary design 
changes and altered machine requirements for the Technical Exposition.  The modified 
schedule and budget were submitted to Professor Amir Salehpour (advisor) and Kapil Singh 
(IP) for consideration prior to continuing the design phase.  The changes needed to stay on 
track were accepted, resulting in the completion of the extrusion system for Technical 
Exposition. 
 
 
PROPOSED BUDGET 
 
 IP agreed to fund the project up to $5,000 in order to achieve a working system 
prototype prior to the College’s Technical Exposition May 22, 2008.  Table 8 shows some of 
the project’s key system components and original estimates for completion.  The total 
estimate for the design and manufacturing of the project came to $4,300, including a 14% 
miscellaneous fund of $700, thus incorporating the full $5,000 agreed.  The proposed project 
budget can be found in Appendix E1. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
ACTUAL BUDGET 
 
 Changes in the budget occurred abruptly upon the design change, and proved significant.  
Of the $5,000.00 initially proposed by IP, less than $3200.00 was spent on the project, and 
less the $1500.00 was put into the extrusion system built for the Technical Exposition.  Table 
9 lists the main component systems of the Home Paper Recycling Machine and compares the 

Table 8 - Proposed Budget with Key System Components 
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proposed budget to the one modified during the design process.  The significant variances 
shown for the paper shredding system, paper pulping/mixing, and water systems are because 
at the time of the design change, the necessary components of these three systems had 
already been designed and purchased.  However, they were never incorporated into the final 
assembly for the public showing May 22. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROPOSED SCHEDULE 
 
 On the originally proposed schedule, major milestones included Proof of Design 
Agreement – Jan. 11, Design Freeze – Feb. 22, and Tech Expo – May 22 (See Table 10).  The 
dates for completion for the preset milestones (in capital letters) were considered firm, while 
dates for system tasks were still tentative.  The originally proposed project schedule can be 
found in Appendix F1. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 9 - Key System Budget Comparison 

Table 10 - Proposed Schedule with Key Milestones 
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ACTUAL SCHEDULE 
 
 While the Home Paper Recycling Machine was fully built and tested prior to May 22’s 
Technical Exposition, the radical design challenges that arose postponed many of the earlier 
scheduled deadlines including proof of design agreement and design freeze.  Working with 
the project’s advisor, Professor Salehpour, he provided great insight into the overall process 
allowing focus to be diverted from the whole machine as a unit, and placed on the individual 
systems that make the Home Paper Recycling Machine what it was.  This allowed for a 
modified project schedule to recover the time lost.  Table 11 shows significant changes 
including the postponement of the required research, the completion of the machine’s design 
and the testing and tuning of the machine.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 
 
 The Home Paper Recycling Machine was intended for home use only, and was aimed at 
reducing the amount of paper waste sent to landfills.  Per the results of the customer survey, 
both white uncoated paper and newspapers were expected to be acceptable; though without 
the time and resources to design a custom shredding device, the processing of newspapers 
was later eliminated to allow for the use of a purchased shredder.  The ultimate use of the 
paper pellets produced was limited to pet cage liner/litter, making the machine’s 
marketability extremely limited, though it was found the experimental pellets ranked 
comparably with the two leading manufacturers of paper pellet pet litter.   
 
 As previously stated, the objective of this project was to perform a feasibility study for 
IP investigating whether paper recycling on a home-scale was possible or practical.  It was 
determined through the Home Paper Recycling Machine that while small-scale paper 
recycling was possible; the inefficiencies of the machine proved it impractical, as its sole 
function was to produce pet litter.  IP was pleased to acknowledge the efforts put forth and 
may plan to further pursue a form of this project, in hopes of offering a device that can not 
only help the environment, but benefit the machine’s user as well. 
 
 

Table 11 - Modified Schedule with Date Comparison 
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 Due to the severe design changes made throughout this process, the Home Paper 
Recycling Machine was completed well under budget, as total spending came in at under 
$3200.00, and total spent on the extrusion section was just under $1500.00.  The obstacles 
faced throughout this process continued to delay many fixed deadlines, however the proof of 
concept prototype was fully built and tested prior to the Technical Exposition May 22, 2008, 
where paper pellets produced by the machine went on public display.  And while the entire 
machine was never completed as designed, a proof of concept was established proving that 
small-scale paper recycling is possible, but not practical in its current form.  Overall, 
however, the success of the project is the contribution to the body of knowledge through the 
research and experimentation, a great deal of information was obtained about paper 
processing and extrusion principles, knowledge that would allow future attempts at home 
paper recycling much success in function and practicality. 
 
 If the Home Paper Recycling Machine were to be continued in the future, it would be 
recommended to allow additional persons working on the process to make up for the strict 
time-frame allotted; it is believed that with additional group members working together, 
significant improvements in power consumption, the total number of parts, and decreasing 
the overall size could bring the machine one step closer towards the consumer-market.  
Additionally, continued work on lowering the overall cost of the machine would help attract 
potential buyers, even with its limited usability.  The idea behind the Home Paper Recycling 
Machine was to reduce excessive paper waste from entering landfills, and while a machine 
that produces pet litter will not appeal to everyone, it is one step closer to getting the 
American public thinking about creative and useful ways to reuse the many resources often 
taken for granted. 
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Paper waste before recycling is 34.2% of 
total waste generation 
 
Only half of waste paper is recycled 
 

http://www.epa.gov/epaoswer/non-
hw/muncpl/facts.htm 
 
9/14/07  Municipal Solid Waste. 
U.S. EPA   
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Name: 
 BioCatolet 

Manufacturer: Catolet 
Description: Recycled paper pellets 
 
     BioCatolet is a 100% recycled paper cat litter, available from 
Sainsbury's and some other supermarkets and pet shops - the bag says 
that it is suitable for small animals. We use this in our rats' litter trays. It 
is also one of the permitted litters that may be used in show tanks at 
NFRS shows (the other being plain shavings) - for this reason we always 
keep a supply of it. We like this litter as it absorbs moisture quite well, 
although it is best in a cage with a fairly deep tray as it does tend to be 
kicked around. It works out fairly expensive if you have a lot of cages, 
although is definitely worth considering if you only have a few rats. 
 
Name:  Megazorb 
Description: Recycled paper pellets 

      Megazorb is another horse litter, which can be purchased from many 
horse/pony supply shops. It is similar to Bob Martins in texture, 
providing a soft and fairly dust-free cage litter. It is quite cheap, and is 
available in economically sized sacks. We have bought this in the past 
and found it to be a good litter. As it is quite lightweight and easily 
kicked around, it is best in cages with deeper bases.  

Name: Bob Martins 
Description: Recycled paper pellets 

     Bob Martins is similar to BioCatolet in many ways although the 
pellets are smaller, softer and lighter - so like Megazorb, is best used in 
cages with deep litter trays to avoid mess. It is slightly cheaper, and can 
be bought in pet shops and some supermarkets, such as Asda.  

Name: Yesterday's News 
Description: Recycled paper pellets 
 

     Yesterday's News is another litter made from recycled newspaper. 
The pellets are large and dense, so is suitable for cages with shallow 
bases. It is ideal for litter trays and absorbs smells well. I haven't yet 
found a regular source for this litter locally, but it is definitely available 
in many pet shops and it seems to be increasing in popularity.  

Recycled paper is used by many 
companies for pet litter and cage 
lining 
 
Recycled paper absorbs moisture 
and odor well 
 
Should be heavy to not be tossed 
around 
 
Softer than conventional lining 
 
Low dust pellets are safe for small 
animals 

 
 Need for paper pellets 

http://findarticles.com/p/articles/mi_m3741/is
_n10_v41/ai_14259789/pg_1    9/26/07   
Trash to treasure: recycling waste paper - 
includes article on landfill disappearance.   
Findarticles.com 

http://www.huskyrat.co.uk/aboutrats/litter.
html 
 
9/17/07  Litter and bedding - a 
review.  New World Stud 

http://findarticles.com/p/articles/mi_m3741/is_n10_v41/ai_14259789/pg_1�
http://findarticles.com/p/articles/mi_m3741/is_n10_v41/ai_14259789/pg_1�
http://www.huskyrat.co.uk/aboutrats/litter.html�
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• Jim Edwards, a soil scientist with ARS in Auburn, 
Alabama, is working with manufacturers of 
pelletizing equipment and others to process 
newspapers, phone books, and other types of water 
paper. The small, 3/8-inch-diameter pellets could 
be spread on fields by machines that currently 
dispense fertilizer. 

•  
• Edwards is also exploring the possibility that some 

inks may have pesticidal qualities because the 
shredded newspapers seem to inhibit fungal 
diseases, as well as weeds such as crabgrass. 

•  
• Edward says that one problem with paper is that is 

carbon-nitrogen ratio of 150: 1 isn't even close to 
the 30: 1 ratio desired for composting. So in the 
long run, he envisions pelletizing paper along with 
another waste product high in nitrogen, such as 
manure, food waste, or yard waste. 

•  
• He initially began his research with the idea of 

loosening soil so cotton roots could penetrate 
deeper. In his part of Alabama, a compacted layer 
of soil often keeps roots from penetrating more 
than 6 inches. Disking paper pellets into the earth 
would separate soil particles and help reduce this 
compaction. 

•  
• Apel explains that large pellets - 2 to 4 inches long 

with a 3/4 - inch diameter - hold down the highly 
erodible soil and break the wind's impact. "We 
expect to have less soil blowing away when it's dry 
and less sediment carried in the streams when it 
rains." 

•  
• "The pellets absorb water like thousands of 

sponges, preventing water evaporation while 
allowing plant roots access," he says. 

 

 
Different size pellets for different 
applications 
 
3/8” Pellets for soil loosening 
 
Some inks may be pesticides 
 
30:1 carbon-nitrogen is desired for 
composting 
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EcoPod E1 
 
Winner of the prestigious Red Dot Design Award for 
product design, this recycling tool allows you to 
compress aluminum and plastic beverage containers to 
1/3 their original size by stepping on a pedal, and 
stores up to 50 crushed containers in a removable pod 
that can be easily transported to a curbside recycling 
bin. As unobtrusive as a kitchen wastebasket, the 
lidded unit conceals recyclables, allowing for use in a 
kitchen, pantry, or laundry room. Two additional 
storage bins keep newspapers, plastic bags, and glass 
bottles organized, and a lid over the compactor's 
opening discourages curious hands. With an easy-to-
clean stainless steel housing. 31" H x 20 1/2" W x 16" 
D. (50 lbs.) 
 
Item 74242 ................... $327.95 
 

 
Cost high, $328 for a collection bin 
 
Aesthetically pleasing 
 
Good size, about the size of kitchen garbage 
can 
 
Too heavy, 50 lbs 
 
Integrated collection bin at bottom 
 
 

http://www.thegreenhead.
com/2006/11/ecopod-
home-recycling-
center.php 
9/17/07 EcoPod E1 - Home 
Recycling Center   The Green Head  

http://www.thegreenhead.com/2006/11/ecopod-home-recycling-center.php�
http://www.thegreenhead.com/2006/11/ecopod-home-recycling-center.php�
http://www.thegreenhead.com/2006/11/ecopod-home-recycling-center.php�
http://www.thegreenhead.com/2006/11/ecopod-home-recycling-center.php�
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Project encompassed designing a machine to recycle organic 
yard waste (grass, leaves, etc.).  Purposed was to eliminate yard 
waste sent to city facility, while converting materials into re-
usable compost for the home user. 
Final design included a large hopper, automated feed wheel, 
and shredding device.  Initial ideas for shredding device 
included ‘giant blender’, ‘food processor style’, final design 
consisted of a ‘vertical rotor with a clutched driven PTO feed 
wheel (mounted below the hopper)’.  The machine utilizes a 
3.5hp gas-powered lawn mower engine.  Design considerations 
included being easy to move around, and manageable size (32” 
x 46” footprint). 
 
 
 
 
 

Easy to move around 
 
Manageable size (32” x 46”) 
 
Large hopper 
 
3.5hp gas-powered motor 
 
Auto feed mechanism for material 
into shredder 
 

 
 

MET Project. Shredder, Organic 
Composting, by Anthony Stenger 
(1990) 

10/01/07 
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This project was designed to help reduce the 
volume of material being sent to city landfills 
by taking solid waste, adding water and binding 
agents, then compacting the mixture into dense 
pellets.  Geglein used a rotating auger to pack 
the material once mixed.  The pellets not only 
resulted in an efficient reduced volume form of 
the waste, but allowed the user to use the final 
form of the waste for burning.  Due to the 
composition of the solid waste, water, and 
additives, the desired energy contained within 
each pellet was designed to be around 
1,000BTU making them a small but efficient 
source of energy.  Additional design criteria 
included: no heat was to be added in the 
process; only one pellet size available; free 
standing unit; easy loading; few parts; low cost; 
easy manufacturing, assembly; controlled 
output; each pellet = 1,000BTU; air powered 
(LP). 

 
Required absorbent and binding agent to form 
pellets 
 
Required water 
 
No heat added 
 
Air powered, Low Pressure 
 
1,000BTU per pellet 
 
A rotating auger is used to compact the material 
 
Free standing unit 
 
One pellet size available 
 
Ease of manufacturing/assembly 

 

MET Project. Solid Waste 
Pelletizer, by Robert A Geglein 
(1997) 

10/01/07 
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Phone conference was intended to pose questions 
to IP about their interests in the project’s 
function, operation.  Additionally, Kapil was 
asked about the use of existing products such as 
paper shredders in order to create a ‘proof of 
concept’ prototype.  Final specifics were brought 
up as well, including the plastic windows found 
in white envelopes, how small the paper must be 
in order to form a pellet, and how the use of 
water/chemicals in the process may affect how 
and where the pellets can be safely used. 
 
 
 

 
Existing paper shredding device is okay to use 
for ‘proof of concept’ 
 
Easy to maintain 
 
Plastic windows in envelops should not have to 
be removed if cut small enough 
 
Paper may not have to be ‘pulped’ in order to 
form dense pellets 
 
Completely dry process would eliminate bacteria 
in water 
 
Avoid chemicals, unless desired pellet use 
requires them (cleaning, scent/flavoring, etc.) 

Phone Conference with International Paper.  
Present: Nick Kaminski, Ian Mathews, Kapil 
Singh. 

09/28/07 
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Informal interview.  Questions posed:  
What type of machinery used in manufacturing?   
Does Cell-Sorb Plus use a binding agent to form 
pellets? 
 
Fangman provided physical samples of 100% 
recycled paper pellets both from Cell-Sorb Plus 
and their main competitor, Yesterday’s News.  
He explained both companies use similar 
pelletizing machines made by California Pellet 
Mill (CPM), and add a type of starch to help the 
pellets hold their form throughout production. 
 
Additionally, Fangman provided a material data 
sheet comparing Cell-Sorb Plus and Yesterday’s 
News listing published pellet density vales, pellet 
absorbency, and dust values.  
 
 
 

 
California Pellet Mill (CPM) – Pelletizing 
machines. 
 
Adding a starch, or modifier, can help the 
finished pellets hold form. 
 
Density values, and pellet absorbancy of Cell-
Sorb Plus and Yesterday’s News will later be 
compared to the pellets produced from the Home 
Paper Recycling Machine 

Personal Interview with Cell-Sorb Plus 
Representative, Steve Fangman. 
Present: Nick Kaminski, Ian Mathews, Steve 
Fangman.     02/22/08 
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APPENDIX C – CUSTOMER SURVEY AND RESULTS 
Home Paper Recycling Machine  

Customer Survey Results 
 

The average person in America receives about 41 pounds of mail per year, and people who 
get daily newspapers receive up to 500 pounds of newspaper per year.  We, as seniors in the 
Mechanical Engineering Technology department at the University of Cincinnati, have been asked by 
International Paper to design a home paper recycling machine to help reduce the amount of paper sent 
to landfills.  This fully automated device will receive waste paper, and form it into pellet material that 
can be used around the home, or garden.  Due to the design, this device may not be appropriate for 
magazines or catalogs.  
 
Please select the most important recycling material

  Mail & 
Other White 

Paper   

: 
(Please Circle One) 

(10)   Newspaper (10) Both Mail & Newspaper (21) 

 
How often do you get a newspaper? 

Daily  (19)    Weekend  (9)  Not Regularly   (15) 

How long should it take to make a batch of pellets from a full load of paper? 

1 - 6hrs  (29) 6 - 12hrs  (10) 12 - 18hrs  (1) 18 - 24hrs  (0) 

Do you perform your own light maintenance on household appliances? 

Yes  (30)  No  (13) 

Please rate the following based on importance to you: 
(1 - not important, 2 - somewhat important, 3 - important, 4 - very important, 5 - critical) 
 
The machine must operate quietly. 
 

1  (0)     2  (2)     3  (7)     4  (15)     5  (18)          AVG (4.2) 
 

The machine must display current process status (normal, paper jam, end of process) 
 

1  (2)     2  (3)     3  (5)     4  (17)     5  (15)          AVG (4.0) 
 
The machine must be easy to maintain by owner/user. 
 

1  (0)     2  (2)     3  (2)     4  (20)     5  (18)          AVG (4.3) 
 
The machine must be able to make separate white and gray pellets. 
 

1  (21)   2  (11)   3  (5)     4  (3)       5  (2)            AVG (1.9) 
 
 
 
The machine must be easy to operate. 



 

Appendix C2 
 

 
1  (2)     2  (1)     3  (2)     4  (11)     5  (27)          AVG (4.4) 

 
Please rank the following possible uses for the machine’s pellets: 
(Rank them 1 – 6; 1 - Best, 6 - Worst) 
 
  (3.27)  Line pet cages / pet litter 
  (3.91)  Mix into compost heap 
  (3.59)  Cook food on grill 
  (4.00)  Pack boxes with “peanuts” 
  (3.95)  Heat space with furnace or stove 
  (1.65) 

 
 

 Other 
   
 
How much would be willing to pay for this machine? 
 

$50-$300  (34)         $300 - $500 (10)  $500 - $1000  $1000 - $1500 
 
 
 
Thank You. Your input is very important.  Please return this survey to the place where you received 
it. 
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APPENDIX D – PRODUCT OBJECTIVES 

 
 
 
 
 
 



 

Appendix D1 

APPENDIX E – DESIGN ALTERNATIVES 
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APPENDIX F – DESIGN SELECTION  
[PUGH’S CONCEPT SELECTION METHOD] 

 

 
 

Pugh’s Concept Selection Method 
 
Ability to Meet Customer Needs: 
+ = Better 
-  = Worse 
S = Same 
 

 

1 2 3 4
Hopper Spray Auger Slot Spray Auger Hopper Soak Linear Slot Soak Linear

Operate Quietly S - -
Status Indication S S S
Easy Maintenance + - -
Separate Colored Pellets S S S
Easy Operation - S -
Cost + - -

∑+ 2 0 0
∑- 1 3 4
∑S 3 3 2

2 1 3
Slot Spray Auger Hopper Spray Auger Hopper Soak Linear

Operate Quietly - -
Status Indication S S
Easy Maintenance + -
Separate Colored Pellets S S
Easy Operation + +
Cost - -

∑+ 2 1
∑- 2 3
∑S 2 2

D
A
T
U
M

D
A
T
U
M
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APPENDIX G – PURCHASED COMPONENT SPECIFICATIONS 
 
Paper Shredder 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Manufacturer: Office Depot 
Brand Name: Ativa 
Model: AT-MC1000 Paper Shredder 
Vendor: Office Depot 
 
Number of sheets per pass   10 
Shred size     1/16" x 3/8" 
Cut style     microcut 
Maximum shred speed   7.2 fpm 
Throat width     8 3/4 inches 
Accepts paper clips/staples   CDs; credit cards; staples; paper clips 
Integrated waste receptacle   yes 
Waste receptacle capacity   8.5 gallons 
Overload protection    yes 
Manual reverse    yes 
Automatic start/stop    yes 
Height      25 inches 
Width      15.7 inches 
Depth      12.6 inches 
Warranty     1-year limited; 7-year (cutters) 
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Linear Actuator 
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Water Pump 
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Synchronous belt selection 
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Pulping/mixing chamber drive pulley 
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Retaining Rings 
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APPENDIX H – SHAFT CALCULATIONS 
 
Required Shaft Diameter 
 
For small, short shafts: 
P = power (hp) 
N = speed (rpm) 
 

 

D =
38 * P

N
3

D =
38 * 1

2
hp

1725rpm
3 = 0.2225inches

D = 0.2225inches*2 = 0.445inches = 0.5inches 
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APPENDIX I – COMPONENT DRAWINGS 
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APPENDIX J - COMPLETE ASSEMBLY DRAWINGS 
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APPENDIX K – PROPOSED PROJECT BUDGET 
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APPENDIX L – ACTUAL PROJECT BUDGET 
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APPENDIX M – PROPOSED PROJECT SCHEDULE
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APPENDIX N – ACTUAL PROJECT SCHEDULE 
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