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ABSTRACT 
 
 In an effort to decrease the amount of paper waste that ends up in landfills, International 
Paper has requested the design and construction of a Home Paper Recycling Machine.  The 
machine will accept waste paper such as junk mail and newspapers and turn it into pellets to 
be used around the home.  Customer surveying suggests that the machine needs to be cost 
effective and easy to operate and maintain.  Additional analysis of the survey shows that 
customers’ greatest needs for recycled paper pellets are for packaging, heating, lining pet 
cages, and composting.  Through research, pet bedding was selected as the best pellet use. 
Experimentation determined an ideal water to paper ratio of 3:1 by weight for extrusion using 
a rheological modifier, Na-CMC.   
 
 The three most important engineering characteristics of the machine are the design of the 
input hopper, cost of manufacture, and selection of materials.  Product objectives based off of 
the customer requirements include a maximum level of 55 decibels for machine operation 
and a time of startup operation of less than one minute, and non-stick components to aid in 
maintenance. 
 
 Ian Mathews was responsible for the electrical system, formation of final product, and 
machine frame.  Nick Kaminski was responsible for the product hopper, shredding system 
(purchase or design), and shredded material container. 
 
Due to extra research and experimentation, limited design time resulted in only a portion of 
the machine being built for the CAS Tech Expo.  The extrusion section of the machine was 
built to show proof of concept that shredded and pulped paper could be extruded into pellets 
in the home. 
 
 The proposed project budget was $5000, the full allotment guaranteed by International 
Paper.  The actual budget was just under $3200 and the extrusion section was built in time 
for Tech Expo for under $1500.  .The final design was to be finished by March 10 with 
fabrication and assembly taking place mid May.  The actual schedule saw the machine 
designed by April 5 and the extrusion section built by May 19.  Though not all objectives 
were met, this project succeeded in generating a competitive recycled paper pet litter pellet, 
along with studying the feasibility of and contributing information to the body of knowledge 
of small scale paper pulp extrusion. 
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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.  In 2005, almost 84 million tons of paper waste was generated in the United 
States alone (See Appendix A1).  With a paper recycling rate of about 50%, that still leaves 
42 million tons of paper that are going to landfills(2). International Paper (IP), one of the 
largest paper manufacturers in the country, has stressed a need to reduce the amount of paper 
waste that is sent to landfills.  IP requested that a prototype machine be developed that can 
process mail and newspapers into one of several products that could be reused around the 
home, including: pet bed material, compostable material, pellets for burning in furnace or 
stove, etc.  Also requested was a study on the practicality of this machine.  The information 
gathered and machine design will be used by IP in the future to possibly produce a similar 
product on a large scale.  In a worst case scenario, the project would have required the design 
of chemical treatment, drying, and shredding systems.  A best case scenario would have 
allowed for the use of an existing shredding system and wouldnot require chemical treating 
or drying. 
 
 
RESEARCH 
  
END PRODUCT USES 
 Most of the research in uses for the end product of this machine was focused on the use 
of compressed paper pellets around the home.  This was done at the request of IP due to their 
preliminary research prior to the start of this project.  Brainstorming lead to the selection of 
possible uses for pellets such as burning for heat or cooking, lining pet cages, using as filler 
in compost heaps or soil, and using as packaging material for fragile or loose objects.  
Research backed up most of these selections. 
 
 A study performed Jim Edwards in Alabama showed that tilling 3/8” paper pellets into 
soil helped to keep the soil from becoming too compacted for cotton roots to penetrate (See 
Appendix A2).  The study also showed that paper pellets can be used in a reversed situation.  
Two to four inch long by 3/4” diameter pellets tilled into very erodible soil were able to 
lessen the effects of the wind on the soil, also holding  the soil in place during rain fall that 
would normally carry it into streams or rivers(3). 
 
 There were several examples of recycled paper pellets being 
used as pet litter or cage lining.  Several such products include 
BioCatolet (Figure 1 at right), a 100% recycled paper pellet cat litter, 
and two brands of pet cage betting, Megazorb and Bob 
Martin’s(4).More information about recycled paper pet litter and 
bedding can be found in Appendix A3.   
 
 While it was initially proposed to design a machine that could 
create several different pellet shapes and sizes, it was decided that 
this proposal vastly increased the scope of the project as a proof of design concept and a 

Figure 1 - BioCatolet 
Recycled Paper Litter 
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single pellet shape needed to be selected.  Further research into the feasibility of the proposed 
pellet uses resulted in the elimination of all uses except for pet bedding and litter.   
 
 A more in-depth look at Edwards’ study on soil showed that paper has carbon/nitrogen 
ratios of up to 150:1, whereas a 30:1 ratio is preferred for composting (3).  Paper pellets used 
in composting or soil would absorb nitrogen and act as an herbicide.  Burning was eliminated 
as a pellet use based on a phone discussion with Mary Setnicar from the Environmental 
Protection Agency.  When burned, the bleaching and processing chemicals used in the 
production of the paper are released, along with harmful dioxins (5). Research into packing 
peanuts indicated that it would be almost impossible to match the very low density of the 
aerated polystyrene peanuts using compressed paper pellets.  Because of this reason and the 
complexity of the shape of most packing peanuts, the use of paper pellets created by this 

machine as loose fill packing material was 
eliminated.  It is for these reasons that pet 
bedding and litter was chosen as the pellet 
material to produce with the Home Paper 
Recycling Machine. 
 
 Two recycled paper pet litters were 
purchased locally for further testing and 
future comparison tests.  These products were 
Cell-Sorb Plus and Purina’s Yesterday’s 
News.  Figure 2 shows typical packaging for 
the two brands. 

 
 
EXISTING PRODUCTS 
 Research showed that no commercial product currently exists on the market that is close 
to the Home Paper Recycling Machine.  The closest matches to this product were common 
household paper shredders available at most office supply stores. 
 
 The EcoPod E1 Home Recycling Center (Appendix 
A4) offered a unique layout design that could be applied to 
this project.  As seen in Figure 2, it is essentially a large 
stand-up can crusher about the size of an average kitchen 
garbage can with storage compartments for recyclable 
materials such as soda cans, glass bottles, and newspapers.  
There is a slot for inserting soda cans and a foot operated 
mechanism that crushes the can and drops it into a 
collection bin below.  The layout of the product, tall and 
slender with an enclosed storage bin, would lend itself very 
well toward this project in order to keep the machine 
footprint relatively small. 
 
 There were two previous University of Cincinnati Mechanical Engineering Technology 
senior design projects that showed similarities to and provided insight for this project as both 

Figure 2- Commercial Recycled Paper Pet Litter 

Figure 3 - EcoPod E1 
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projects involved waste volume reduction.  Anthony Stenger’s project, Organic Compost 
Shredder (Appendix A5), was a machine designed to recycle organic yard waste that would 
otherwise be sent to the landfill.  Stenger reported that two initial ideas for the shredding 
device were reminiscent of a giant blender and a food processor(6).  Either of these shredding 
styles would prove very effective against junk mail and newspapers.  The other project, Solid 
Waste Pelletizer by Robert Geglein (Appendix A6), offered a good method for mixing and 
extruding compressed pellets of paper.  The project involved adding water and binding 
agents to solid waste, which was then compacted into pellets for burning in a furnace.  The 
method Geglein used for compressing and extruding the waste pellets, a rotating auger which 
mixed the materials when turned one way and compressed and extruded pellets through a 
narrow tube when rotated the other way, was an excellent way to solve two problems with 
one solution(7).  A similar design in the Automated Home Paper Recycling Machine would 
reduce size and result in less moving parts. 
 
EXPERIMENTATION 
 
 Due to lack of information on extruding paper through dies, much experimentation was 
done to determine the feasibility of such an idea.  One such experiment used a manual bike 
tire pump as an extruding chamber.  Several holes were drilled in the flat bottom of the pump 
and paper pulp was placed in the tube.  Upon depressing the plunger, the pulp was expected 
to come out.  However, the pulp bound up in the tube on repeated tries with varying water to 
paper ratios.  Further research produced a journal entry on paper pulp extrusion by Dr. Daniel 
Klingenberg from the University of Wisconsin.  His research showed that the use of a 
rheological modifier allowed paper pulp to flow through a die.  He suggested the addition of 
three percent by weight of paper of Sodium CarboxyMethyl Cellulose, or Na-CMC, would 
be perfect for this project (8).  The modifier worked exactly as was predicted, allowing the 
pulp to flow through the holes in the pump.   
 
 Using a food processor to pulp pre-shredded paper with water, a water/paper ratio of 3:1 
was determined to be ideal for extrusion through a die.  A higher ratio resulted in a very fluid 
pulp and too low a ratio continued to cause the binding issue discovered earlier.  This 
information was used during the design of the extrusion and blending sections of the 
machine. 
 
CUSTOMER NEEDS 
  
CUSTOMER SURVEY 
 A customer survey, created to determine the relative importance of certain customer 
needs, was distributed to over 40 people in various settings.  The surveys were sent to 
professional and personal contacts, employees of two office buildings, managers of several 
departments of IP, and were handed out in front of the Kenwood Town Centre shopping mall 
in Montgomery, Ohio.  Forty-two of these surveys were completed and returned in time for 
further analysis. 
 
ANALYSIS 
 The average scores from the survey were used to determine different aspects of the machine’s 
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operation.  The need for the machine to make separate white and gray pellets was eliminated 
because it was of extremely low importance to the customer.  As shown in Table 1, a list of 
features sorted from most important to least important, this feature scored a 1.9 out of a 
possible 5. 

Table 1 - Customer Requirements & Score 

 
 
 Along with establishing the relative weight of customer needs, the survey also asked 
customers to rank a list of five possible outputs of the machine.  These results, listed in order 
from high to low in Table 2, show that the three most important uses of the pellets are for 
packaging, heating, and composting.  A sample of the survey, with tallied and averaged 
scores, can be found in Appendix B. 
 

Table 2 - Possible Pellet Uses and Scores 

 
 
 Using a quality function deployment matrix (QFD), the relative importance of the 
machine’s engineering characteristics was determined.These engineering characteristics are 
listed in Table 3, sorted by their relative importance values.  The complete QFD is located in 
Appendix C. 
 

Table 3 - Engineering Characteristics & Relative Importances 

 

Machine Must: Score
Be Cost Effective 4.8
Be Easy to Operate 4.4
Be Easy to Maintain 4.3
Operate Quietly 4.2
Display Current Process Status 4.0
Make Separate White and Gray Pellets 1.9

Use of Pellets Score
“Peanuts” for Package Filling 4.00
Burnable Pellets for Heater/Stove 3.95
Composting Material 3.91
Open Flame Burning for Cooking 3.59
Pet Cages Liner / Pet Litter 3.27

Engineering Characteristic Relative Importance
Hopper Design 21%
Cost of Manufacture 15%
Material 15%
Number of Operator Tasks Required 14%
Maintenance Time & Cost 13%
Maximum Noise Level 13%
Robust Design 9%
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PRODUCT OBJECTIVES 
 Key product objectives, encompassing the engineering characteristics and designed to 
meet the customer needs, are listed in Table 4.  Included in the table are the means of 
evaluating each objective, either through observation or measurement, and the testing method 
that will be employed.  The complete list of product objectives is located in Appendix D. 
 

Table 4 - Product Objectives and Means of Testing 

 
 
 
DESIGN ALTERNATIVES & SELECTION 
 
DESIGN ALTERNATIVES 
 Through brainstorming, four design alternatives for the Home Paper Recycling Machine 
were created to later be compared and eliminated to determine the best design.  First, a list of 
features that the machine would need to complete the process of turning paper sheets into 
pellets was created.  Then a list of ways to accomplish these features was produced.  These 
features and means were then placed into a Morphological Box that allowed the selection of 
one means of accomplishing each feature.  This box is displayed in Table 5.   
 

Table 5 - Morphological Box for Design Selection 

 
 
 Further brainstorming resulted in the creation of four design alternatives, each with its 

Evaluation Goal Testing Method

Maximum number of steps for user to 
operate Observable 3 Steps Demonstrate operation of machine

Maximum amount of time for user to 
complete initial steps Measurable 1 Min

Record time needed to begin machine 
cycle using stopwatch

Components requiring regular cleaning 
are accessible Observable Demonstrate cleaning of machine

Maximum time required to clean 
machine Measurable 25 Min

Record time needed to clean machine 
with stopwatch

Non-stick components to aid in cleaning Observable Visually inspect components after 
several cycles

Must Be Easy To Maintain

Customer Need / Product Objective
Must Be Easy To Operate

Feature
Input Method Slot Hopper w/ Lid
Automatic Paper Feed Rubber rollers (printer) Gravity
Shredding Components Commercial Shredder Head Blender Wood Chipper Drum w/ Spikes
Paper Wetting Process Spray Nozzle Soak Tank None
Agitator/Loosener Vibration (paint mixer) Paddle Mixer Rotating Baffle None
Drainage Collander (Strainer) Remove Water (Drain) Squeeze Out Centripetal
Compacting Auger Linear Piston/Drive Centripetal
Forming Extrusion Die Large Block to Cut Roll Forming
Pellet Ejector Cut-off Disk Indexing Slicer Punch out of Form Roller with knife
Pellet Storage Internal Bin Eject out of Machine (User's Bin)
Pellet Drying Heat Fan Natural

Stamping Form

Means
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own morphological box.  The main differences between the four alternatives were the input, 
wetting, and compacting methods.  Because of this, they were then given names that 
highlighted their key differences to make them quickly identifiable.  The four alternatives 
were named Slot Spray Auger, Hopper Soak Linear, Slot Hopper Slot Auger, and Slot Soak 
Linear.  The four completed morphological boxes, showing the four design alternatives, are 
located in Appendix F. 
 
DESIGN SELECTION 
 Using Pugh’s Concept Selection Method, the four design alternatives previously 
mentioned were compared to each other.  An initial estimate determined that the datum for 
comparison for the first iteration of this method was to be the Hopper Spray Auger.  The 
remaining three alternatives were then weighed against this datum with respect to their 
ability to meet the customer requirements.  The first comparison eliminated the Slot Soak 
Linear alternative and showed that the datum for the next iteration should be the Slot Spray 
Auger.  The second comparison confirmed that this was the ideal design concept.  The 
Pugh’s Concept Selection Method tables can be found in Appendix G. 
 
 
DESIGN& COMPONENT SELECTION 
 
FINAL SYSTEM DESIGN 
 Shown in Figure 4 is the 
final system design.  At the top 
of the machine is the shredder 
head (not shown). Below this is 
a blending chamber where the 
shredded paper will be mixed 
with water and pulped.  The 
pulp will then drop to a 
draining chamber.  In this 
chamber, an actuator will push 
a mesh plate against the pulp to 
remove water to reach the 3:1 
by weight ratio mentioned 
earlier.  The pulp will then be 
transferred into a second 
identical blending chamber 
where the rheological modifier 
will be added.  Finally the pulp 
will enter a chamber where a 
second actuator will extrude it 
as pellets.  The machine was 
designed to accept three ounces 
of paper and extrude it into 
roughly 530 pellets 025 inches in diameter and 0.75 inches long.  Assembly drawings of the 
complete design are located in Appendix H. 

Figure 4 - Complete Design 
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PELLET FORMATION 
 The selected design alternative called for the use of an auger to compact and extrude the 
pulped paper through a die.  Due to the limited availability of information about auger flow 
and the complexity of auger design, it was decided that the use of an auger to churn the paper 
pulp and then extrude it is above the scope of this project.  Because of this decision, the auger 
was replaced with a second blending chamber to mix in the Na-CMC and a linear actuator to 
extrude the pulp. 
 
 Figure 5 shows the pellet formation components.  Once the paper has been pulped and 
mixed with Na-CMC, it is deposited into the funnel and flows into the extrusion chamber.  
The linear actuator is then triggered to push the pulp through the tube and force it through the 
die plate.   
 

 
Figure 5 - Pellet Formation Section 

 
The linear actuator selected for this application runs on 115VAC and has a maximum 

pushing force of 330 pounds at about one inch per second with a six inch stroke.  This force 
is more than double the estimated required pushing force of 150 pounds but is the smallest 
AC linear actuator found on the market during this project.  The system will be designed to 
withstand the worst case loading condition of the full 330 pounds being exerted on the frame.  
The specifications for this actuator are located in AppendicesJ1-2. 

 
In order to have a view of the paper pulp as it is compressed and extruded during testing, 

a clear polycarbonate tube was selected as the extrusion chamber.  A 2.5 inch inside diameter 
tube with a 0.125 inch wall thickness was chosen based on the volume of paper pulp that 
would be extruded with six inchesof stroke.  The factor of safety for the polycarbonate tube 
was 13.4.  This value is high because the 0.125 inch wall thickness was the thinnest available 
from many commercial suppliers while the minimum thickness needed for this application 
was 0.019 inches using a design factor of 2.  See Appendix G1 for wall thickness 
calculations. 
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A linear guide was needed to align the piston inside the extrusion chamber.  An Igus 

DryLin T rail and shuttle were selected for this purpose.  The rails is made from aluminum 
and the shuttle employs low friction plastic as the bearing surface as opposed to the more 
common ball bearing rails such as THK.  The use of plastic bearings makes the linear guide 
cheaper and lighter.  The maximum distance the actuator will exert its weight of 28 pounds 
on the rail away from the shuttle is 6 inches.  With a maximum moment about the shuttle of 
32 pound-feet, this linear guide has a Factor of Safety of 2.3.  Specifications for the Igus 
DryLin T linear guide can be found in Appendix J3-4. 

 
Connecting the actuator to the frame and rail will be pivot blocks machined from 6061-

T6 aluminum.  These blocks will be drilled and tapped to accept 0.5 inch stainless steel 
shoulder bolts to fit the mounting holes in the actuator.  Using Cosmos for Solid Works to 
conduct Finite Element Analysis (FEA), the Factor of Safety was determined to be 4.8.  
Figure 6 shows the stress concentrations determined from the Cosmos FEA.  See Appendices 
I1 and I2 for production drawings of these pivot blocks. 

 

 
Figure 6 - Finite Element Analysis of Pivot Block using Cosmos 

. 
 
To transfer the actuator’s force onto the paper pulp and properly seal the chamber to 

ensure the most pulp would leave the chamber, a piston was designed with a groove for a 
standard rubber o-ring.  The production drawings for the piston and the mounting block are 
located in Appendices I3-4 while the selection process for the o-ring can be found in 
Appendix G2. 

 
The die plate was designed to have as little dead space as possible, there would be as 

small a gap allowable between holes and as many holes as possible.  The die will have 0.25 
inch holes because this size seemed to be a common pellet size among commercial recycled 
paper litters.  304sStainless steel was selected for the die plate material because it would 
resist wear better than aluminum.  To hold the die plate inside the chamber, cyanoacrylate 
glue will be used.  This glue was selected for its extremely strong holding capacity, low cost, 
commercial availability, and ability to bond plastic to metal.  Cyanoacrylate glue also sets 
very quickly and will allow for no overnight curing before testing can begin.  For this 
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application, Gorilla Super Glue was chosen.  See Appendix G3 for glue shear area and stress 
and Appendix I5 for the production of the die plate. 

 
To secure the extrusion tube to the rest of the system, tube mounting clamps and a 

mounting plate were designed.  The clamps were designed as two sets of two identical pieces 
that have semi-circle cutouts to fit the tube and through holes to bolt the pieces together and 
apply clamping force.  The mounting plate has tapped and clearance holes of varying sizes to 
attach the tube mounting clamps and secure the whole extrusion sub-assembly to the frame.  
A shim was also needed to bring the linear guide shuttle up the proper height to allow the 
piston to move freely in the extrusion tube.  The shim, mounting plate, and tube clamps were 
all designed for manufacture from a single piece of 4” X 0.5” 6061-T6 aluminum plate.  This 
design allowed for easier ordering of raw materials and machining because each piece can be 
cut off of the stock plate.  The production drawings for these three items are located in 
Appendices I6-8. 
 
ELECTRICAL SYSTEM 
 Because the Home Paper Recycling Machine is designed for home use, it will use 
115VAC power.  The use of this power source allows for the machine to be plugged into any 
standard electrical socket around the home.  Also, the integration of an existing paper 
shredder head and food processor motors will be much easier using a standard AC power 
source.   
 
 The machine will be controlled by a programmable logic controller (PLC).  Because of 
its low price and optional expansion modules, the T6 PLC from McMaster-Carr was selected 
for this project.  Using one expansion module will allow the controller to run the entire 
machine with eight 115VAC outputs, each rated to 5 Amps, and twelve DC inputs for 
sensors.  The complete specifications for this PLC can be found in Appendix J5. 
 
FRAME & SUPPORT 
 The frame for this machine needed to be light weight, strong, and easy to machine and 
assemble.  Because of these factors, the frame material was chosen to be 1-1/2” X 1-1/2” X 
3/16” wall aluminum 6061-T6 square tube.  The square cross-section will allow for easy 
assembly and welding while the hollow tube will reduce weight.  Production drawings for the 
frame assembly and components are located inAppendices I9-15. 
 
 To determine the effects of the extrusion actuator’s full load on the frame, FEA was 
once again used.  Using Cosmos, the mounting points of the actuator and the extrusion 
chamber mounting plate were used to place loading conditions onto the frame.  In Figure 7, 
the stress concentrations and loading points are displayed.  Under the full load of 330 pounds 
along the plane between these points, the frame had a factor of safety of 7.8.  This large value 
is due to a learning curve in the use of Cosmos during design of the frame.  After the initial 
design factor of 2 had been used to determine the cross-section of the aluminum tube, it was 
later discovered that Cosmos was using an aluminum 6061Alloy as the material instead of 
6061-T6.  The latter material has a significantly higher yield stress, resulting in the increased 
Factor of Safety. 
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Figure 7 - Finite Element Analysis of Frame using Cosmos 

 
 To account for possible inaccuracies in welding the frame, leveling feet were selected to 
insure that the machine is stable.  Each foot has a fifty pound load capacity, three inches of 
vertical adjustability, anda plastic base to reduce vibrations and prevent the marring of 
surfaces on which the machine might be placed.  The complete specifications for these feet 
are located in Appendix J6. 
 
FABRICATION & ASSEMBLY 
 
 Due to time constraints incurred during the extra research and experiments, only the 
extrusion section (Figure 5) of the machine was built for Tech Expo.  Also, due to limited 
time, both team members participated in the fabrication and assembly of this section.  
Kaminski did all of the lathe work and the majority of the milling operations.  Mathews did 
the assembly, PLC programming, and the majority of the drilling operations.  All fabrication 
was done in the CAS Machining Lab except where noted. 
 

 The 37 holes in the stainless steel die 
plate proved to be very time consuming to 
machine by hand.  To resolve this issue, the 
CNC machine in the CAS Machining Lab 
was used to drill the holes.  The die plate 
drilling program is located in Appendix K1. 
 
 The frame members were cut to length 
on a horizontal band saw and pieces with 
mating ends were milled to their final length.  
Because of the limited experience with 
aluminum TIG welding, the frame, shown in 
Figure 8, was welded by Simpson and Sons 
Co. in Harrison, OH. 

 
 

Figure 8 - Welded Aluminum Frame 
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TESTING & PROOF OF DESIGN 
 
PROGRAMMING 
 Once the extrusion section of the machine was assembled prior to Tech Expo, the PLC needed to 
be programmed.  Figure 9 shows the machine and programming equipment.  Initially, the machine 
was programmed to extend the actuator to its full stroke and back in one continuous motion.  This 
procedure caused the paper pulp to flow out of the die in long strings like spaghetti.  The PLC was 
then reprogrammed to move in small steps to allow the pulp to extrude as pellets.  The completed 
PLC program is located in Appendix K2. 
 

 
Figure 9 - Programming the PLC 

 
TESTING 
 In order to determine the effectiveness of the produced pellets as pet litter, an absorbency test 
was conducted.  In this test, one ounce of each of three pellet brands were soaked in water for 5 
minutes, removed from the water, then weighed.  The brands were the Home Paper Recycling 
Machine, Cell-Sorb Plus, and Yesterday’s News.  As shown in Table 6, the Cell-Sorb Plus pellets 
absorbed the most water and the pellets from Yesterday’s News absorbed the least.  The Home Paper 
Recycling Machine pellets fell between these two major brands with water retention of 134%, 
absorbing 1.34 ounces of water. 
 

Table 6 - Pellet Absorbency Results 

 
 
PROOF OF DESIGN 
 Because the Home Paper Recycling Machine was not completely built, the product objectives 
could not be measured.  Objectives dealing with operation of the machine, maintenance, and noise 
level were dependent on the complete machine being run.  The only objective that was proven was 
the effectiveness of the pellets as pet litter. 
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PROJECT MANAGEMENT 
 
TEAM RESPONSIBILITIES 
 Ian Mathews was responsible for electrical system, formation of final product, and 
machine frame.  Nick Kaminski was responsible for the product hopper, shredding system, 
wetting system, and shredded material container. 
 
PROPOSED& ACTUAL BUDGET 
 A preliminary budget was determined by estimating the cost of key components of each 
sub-system of the machine including motors, gear reducers, and raw materials.  Listed in 
Table 7 are the sub-systems of the machine and their projected, as designed, and as built 
costs.  International Paper committed to funding this project up to $5000.  The total cost of 
fabrication for the machine was estimated at $4300.  To this amount was added $700 for 
miscellaneous spending to bring the total up to the IP limit of $5000.  Of the total amount, 
the budget for this report was estimated at $2800.  This budget was created assuming the 
most expensive design for each sub-system as a margin of safety.  The actual cost of building 
the complete machine would have been about $3,180, with around $2,504 of that covered in 
this report.  A comprehensive preliminary budget is located in Appendix L. 
 

Table 7 - Proposed Budget vs Actual Budget 

 
 
PROPOSED & ACTUAL SCHEDULE 
 In a fashion similar to the proposed budget, a preliminary schedule was created 
assuming the worst case for each sub-system in an effort to prevent the project from getting 
behind schedule.  Listed in Table 8are the estimated and actual completion times of 
important events in the research, design, and fabrication process.  The complete preliminary 
schedule can be found in Appendix M. 
 

Table 8 – Proposed vs. Actual Schedule 

 

Individual System Proposed As Designed As Built
Paper Shredding $300.00 $0.00
Paper Pulping/Mixing $256.71 $0.00
Frame/Support $500.00 $836.35 $577.75
Water System $1,025.00 $117.36 $0.00
Pellet Extrusion $1,100.00 $1,205.10 $609.05
Controls $500.00 $462.87 $298.60
Miscellaneous $700.00 N/A N/A
TOTAL $5,000.00 $3,178.39 $1,485.40

$1,175.00

Task Planned Date Actual Date
Research Completed 21-Dec-08 22-Feb-08
Design Complete 22-Feb-08 4-Apr-08
Parts Ordered 4-Apr-08 2-May-08
Machine Complete 25-Apr-08 -
Expo Section Complete - 20-May-08
Testing/Tuning (Programming) 9-May-08 21-May-08
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CONCLUSION 
 
 Due to several delays including extended research and experimentation, the Home Paper 
Recycling Machine was never fully realized.  Because only a section of the machine was 
built, the product objectives were unable to be measured.  However, three important 
objectives were met successfully.  The extrusion section of the machine did work and 
produced recycled paper pet litter that can compete with commercially available products.  
Also, the feasibility study for IP was completed.  This project discovered that recycling paper 
into pellets on a home scale is not practical at this time.  With such a high price tag and a 
limited use for the pellets, it would seem impossible for a product to be profitable in such a 
small niche.  That being said, IP has expressed an interest in pursuing this project in the 
future and the possibility of patenting the designs furnished in this project.  Lastly, the Home 
Paper Recycling Machine project was a success because of the tremendous wealth of 
information that has been contributed to the body of knowledge in small scale paper pulping 
and extrusion through research and experimentation.  Kapil Singh and others at IP were 
quick to acknowledge the tremendous effort put forth by this project team 
 
 There are a few recommendations to be made for pursuing the Home Paper Recycling 
Machine project in the future.  The best way to make this product marketable would be to 
increase the number of paper pellet uses around the home, either by coming up with new uses 
or by finding ways around the complications discovered with pellet uses in this project.  
Another way to improve the appeal of this machine would be to significantly reduce the cost 
of materials and components.  This could be achieved by reducing the number of parts, using 
different materials, or by completely redesigning the system with a more prominent focus on 
cost. 
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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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• 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. 
 

• 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. 

 

Need for paper pellets 
 
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 
 
 
 
 

 

  

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://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�
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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 

  

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

http://www.huskyrat.co.uk/aboutrats/litter.html�
http://www.huskyrat.co.uk/aboutrats/litter.html�
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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/2
006/11/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�
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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 
formpellets 
 
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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APPENDIX B – 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. 
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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. 
 
 
 
 



 

Appendix C1 
 

APPENDIX C – QUALITY FUNCTION DEPLOYMENT 
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Quiet 1 1 9 4.2 4.2 0.22
Display Current Process Status 1 4.0 4.0 0.21
Easy to Maintain 9 9 3 9 4.3 4.3 0.23
Separate White and Gray 9 3 1.9 1.9 0.10
Easy to Operate 1 9 4.4 4.4 0.23

Cost 9 4.8 4.8 0.26

Absolute Importance 2.
3

3.
2
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4

2.
1

2.
1

2.
3 15.40 18.7 1.00
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APPENDIX D – PRODUCT OBJECTIVES 
 

 
 
 
 

Evaluation Goal Testing Method

Maximum number of steps for user to 
operate Observable 3 Steps Demonstrate operation of machine

Maximum amount of time for user to 
complete initial steps Measurable 1 Min

Record time needed to begin machine 
cycle using stopwatch

Components requiring regular cleaning 
are accessible Observable Demonstrate cleaning of machine

Maximum time required to clean 
machine Measurable 25 Min

Record time needed to clean machine 
with stopwatch

Non-stick components to aid in cleaning Observable Visually inspect components after 
several cycles

Maximum dB Measurable 55dB
Record decibel level of machine 
operation in quiet environment

Lights indicating stages: running, 
on/off, mixing, compressing, done

Observable Visually inspect machine for 
indication of status during operation

Must Display Current Process Status

Must Operate Quietly

Must Be Easy To Maintain

Customer Need / Product Objective
Must Be Easy To Operate
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APPENDIX E – DESIGN ALTERNATIVES 
 

 
 
 

Feature
Input Method Slot Hopper w/ Lid
Automatic Paper Feed Rubber rollers (printer) Gravity
Shredding Components Commercial Shredder Head Blender Wood Chipper Drum w/ Spikes
Paper Wetting Process Spray Nozzle Soak Tank None
Agitator/Loosener Vibration (paint mixer) Paddle Mixer Rotating Baffle None
Drainage Collander (Strainer) Remove Water (Drain) Squeeze Out Centripetal
Compacting Auger Linear Piston/Drive Centripetal
Forming Extrusion Die Large Block to Cut Roll Forming
Pellet Ejector Cut-off Disk Indexing Slicer Punch out of Form Roller with knife
Pellet Storage Internal Bin Eject out of Machine (User's Bin)
Pellet Drying Heat Fan Natural

Feature
Input Method Slot Hopper w/ Lid
Automatic Paper Feed Rubber rollers (printer) Gravity
Shredding Components Commercial Shredder Head Blender Wood Chipper Drum w/ Spikes
Paper Wetting Process Spray Nozzle Soak Tank None
Agitator/Loosener Vibration (paint mixer) Paddle Mixer Rotating Baffle None
Drainage Collander (Strainer) Remove Water (Drain) Squeeze Out Centripetal
Compacting Auger Linear Piston/Drive Centripetal
Forming Extrusion Die Large Block to Cut Roll Forming
Pellet Ejector Cut-off Disk Indexing Slicer Punch out of Form Roller with knife
Pellet Storage Internal Bin Eject out of Machine (User's Bin)
Pellet Drying Heat Fan Natural

Feature
Input Method Slot Hopper w/ Lid
Automatic Paper Feed Rubber rollers (printer) Gravity
Shredding Components Commercial Shredder Head Blender Wood Chipper Drum w/ Spikes
Paper Wetting Process Spray Nozzle Soak Tank None
Agitator/Loosener Vibration (paint mixer) Paddle Mixer Rotating Baffle None
Drainage Collander (Strainer) Remove Water (Drain) Squeeze Out Centripetal
Compacting Auger Linear Piston/Drive Centripetal
Forming Extrusion Die Large Block to Cut Roll Forming
Pellet Ejector Cut-off Disk Indexing Slicer Punch out of Form Roller with knife
Pellet Storage Internal Bin Eject out of Machine (User's Bin)
Pellet Drying Heat Fan Natural

Feature
Input Method Slot Hopper w/ Lid
Automatic Paper Feed Rubber rollers (printer) Gravity
Shredding Components Commercial Shredder Head Blender Wood Chipper Drum w/ Spikes
Paper Wetting Process Spray Nozzle Soak Tank None
Agitator/Loosener Vibration (paint mixer) Paddle Mixer Rotating Baffle None
Drainage Collander (Strainer) Remove Water (Drain) Squeeze Out Centripetal
Compacting Auger Linear Piston/Drive Centripetal
Forming Extrusion Die Large Block to Cut Roll Forming
Pellet Ejector Cut-off Disk Indexing Slicer Punch out of Form Roller with knife
Pellet Storage Internal Bin Eject out of Machine (User's Bin)
Pellet Drying Heat Fan Natural

4

3

2

1

Stamping Form

Means
Hopper Spray Auger

Slot Spray Auger
Means

Stamping Form

Hopper Soak Linear
Means

Stamping Form

Slot Soak Linear
Means

Stamping Form
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APPENDIX F – DESIGN SELECTION 
 

 
 

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



 

Appendix G1 

APPENDIX G – CALCULATIONS 
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O-Ring Selection & Ring Groove Design 
 
O-ring & ring groove design taken from Machinery’s Handbook 27th

 
 
For 2.5in Diameter, ANSI size range is 201 to 284 
 
W = 0.129in   &   G = 0.188in  (from Table 2, pg 2505) 
 
F = 0.122in  (from Table 1, pg 2503) 
 
Groove Diameter = Tube ID - 2*F 
 
Groove Diameter = 2.501in – 0.244in 
 
Groove Diameter = 2.237in 
 
 
  

 Edition pg 2502-2507 
 



 

Appendix G3 

 
 
 
 
 
 



 

Appendix H1 

APPENDIX H – ASSEMBLY DRAWINGS 

 



 

Appendix H2 

 
  



 

Appendix H3 

 
  



 

Appendix H4 

 
  



 

Appendix H5 

 
  



 

Appendix H6 

 
 



 

Appendix I1 

APPENDIX I – PRODUCTION DRAWINGS 
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Piston 
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APPENDIX J – PURCHASED COMPONENT SPECIFICATIONS 
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APPENDIX K – PROGRAMMING 
 
Die Plate CNC Drilling Code 
 
N5 G20 G70 G40 G80 
N10 M06 T7 
N15 M13 S1000 
N20 G81 X.4335 Y.75 Z-.625 R.75 F60 M08 
N21 X.1445 
N22 X-.1445 
N23 X-.4335 
N24 X-.578 Y.5 
N25 X-.289 
N26 X0 
N27 X.289 
N28 X.578 
N29 X.7225 Y.25 
N30 X.4335 
N31 X.1445 
N32 X-.1445 
N33 X-.4335 
N34 X-.7225 
N35 X-.867 Y0 
N36 X-.578 
N37 X-.289 
N38 X.289 
N39 X.578 
N40 X.867 
N41 X.7225 Y-.25 
N42 X.4335 
N43 X.1445 
N44 X-.1445 
N45 X-.4335 
N46 X-.7225 
N47 X-.578 Y-.5 
N48 X-.289 
N49 X0 
N50 X.289 
N51 X.578 
N52 X.4335 Y-.75 
N53 X.1445 
N54 X-.1445 
N55 X-.4335 
N56 G80 M05 M09 
N57 G00 Z1 
N58 X0 Y0 
N59 M30 
 



 

Appendix K2 

PLC Program 
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APPENDIX L – PROJECT BUDGET 
 

 
 
 
 
 

Owner Description Cost
Nick Input slot for paper

Materials 100

Nick
System to feed in acceptable amount of paper to 
shredder to prevent clogging.

Motor 75
Gear Box 100
Materials 75

Nick

System to feed in acceptable amount of paper to 
shredder to prevent clogging. 500

Nick
Water container 300

Ian Agitate paper in water to break up fibers
Motor 125
Gear Box 100
Materials 100

Ian Screen to remove paper from water
Screen Assembly Materials 200
Screen Travel Path 300
Motor 125
Gear box 100

Ian Compresses and shapes wet paper into pellets
Motor 125
Gear Box 100
Materials 500

Ian Removes individual pellets from compactor/former
Speed Reducers 150
Materials 150

Ian Collection bin for completed pellets
Storage bin 75

Ian User controls and status indicators
Switches/buttons 50
LEDs 25
Labels 50

Ian Controller for motors/sensors/switches
Switches/sensor 50
Wiring 25
Controller 300

Ian Frame and external façade
frame/substructure 250
external housing 250

700

5000

Miscellaneous

TOTAL

Shredding System

Automatic Paper Feed

Component
Input Method

Housing

Control System

User Interface

Pellet Storage 

Pellet Ejector

Compacting/Forming System

Drainage System

Agitator/Loosener

Paper Wetting Process
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APPENDIX M – PROJECT SCHEDULE 
 
 Quarter

Month
Week E B B B B 1 2 3 4 5 6 7 8 9 10 E B 1 2 3 4 5 6 7 8 9 10 E

Dates

Task / MILESTONE Owner

SEMINAR REPORT DUE Both 4
Concept Design Alternatives Both 21
Weighted Decision Method Both 21
PROOF OF DESIGN AGREEMENT 11
Design Input Method Nick 25
Design Automatic Paper Feed Nick 25
Design Shredding Components Nick 8
Design Paper Wetting Process Nick 15
Design Agitator/Loosener Ian 15
Design Drainage System Ian 29
Design Compacting/Forming System Ian 1
Design Pellet Ejector Ian 8
Design Pellet Storage Ian 22
Design User Interface Ian 14
Design/Spec Control System Ian 14
Design Housing Ian 7
DESIGN FREEZE 22
Finalize Design both 9
Spec Purchased Components / Materials Both 9
Create Detailed Drawings Both 9
DESIGN PRESENTATION 10
DESIGN REPORT DUE 10

Parts Procurement Both 4
Component Fabrication Both 18
Assembly Both 25
Tuning Both
Testing Both
SHOW PROOF OF DESIGN 9
TECH EXPO 22
ORAL PRESENTATION 2
PROJECT REPORT DUE 2

31
 - 

4

January
Winter

10
 - 

14

December

17
 - 

21

24
 - 

28

3 
- 7

Winter Break
February March

BR
EA

K

17
 - 

21

10
 - 

14

14
 - 

18

7 
- 1

1

April May June
Spring

5 
- 9

28
 - 

2

21
 - 

25

14
 - 

18

9 
- 1

3

2 
- 6

25
 - 

30

19
 - 

23

12
 - 

16

7 
- 1

2

31
 - 

4

21
 - 

25

3 
- 7

25
 - 

29

18
 - 

22

11
 - 

15

4 
- 8

28
 - 

1
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