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Abstract

This report covers a project for the Division of Product Development at Lund
University to build and further develop a plastic shredder. It was based on open
source blueprints from the Precious Plastic machine series, a nonprofit project by
Dave Hakkens toeduce plastic waste. Its purpose is to shred common plastic waste
so that the shreds can be remelt to create new products by students in the subsequent
machines of the series. The main goals of the project were to build the shredder at
minimum cost andat develop an improved version after testing ivas built using
in-house machines at the schools workshop and is powered by a gearmotor build
from parts found at a local junkyard. Minor modifications were made of the original
designs to improve handlirapd assembling of the machine. The gearmotor and its
electronics were also built on a separate platform to create a modularized unit that
is easily detached if desired to be used in other applications.

The shredder worked as intended but caused someuttifs during assembly. The
redesign addressed this issue aswell as increased the rate of cutting action by
modifying the knives and counterknives. Due to lack of time and restricted funds,
an actual version of this redesign was never built and tested.

Keywords: Product Development, Plastic, Waste, Shredder, Recycling



Sammanfattning

Den har rapporten behandlar ett projekt hos avdelningen fér produktutveckling vid
Lunds Universitet for att bygga och vidareutveckla en flismaskin for plast. Den
baserade § openrsource ritningar fran Precious Plastics maskinserie, ett ideellt
projekt av Dave Hakkens for att reducera plastavfall. Dess syfte ar att flisa vanligt
plastavfall sa att flisorna kan smaéltas om for att skapa nya produkter av studenter i
de foljandemaskinerna i serien. Projektets huvudmal var att bygga flismaskinen till
minimal kostnad och att utveckla en forbattrad version efter att ha testat den. Den
byggdes med hjalp av lokala maskiner i skolans verkstad och drivs av en vaxelmotor
som byggdes av aflar som hittades hos en lokal skrothandlare. Mindre
modifikationer av originalritningarna gjordes for att forbattra hanteringen och
monteringen av maskinen. Vaxelmotorn och dess elektronik byggdes dven pa en
separat plattform for att skapa en modularidemahet som ar enkel att avskilja om

den 6nskas anvandas i andra syften.

Flismaskinen fungerade som tankt men skapade vissa svarigheter under
monteringen. Den nya designen adresserade detta problemet saval som ¢kade
skarfrekvensen genom att modifiera kmivaa och motknivarna. | brist av tid och
begrénsat kapital byggdes och testades aldrig en faktisk version av den nya
designen.

Nyckelord: Produktutveckling, Plast, Avfall, Flismaskin, Atervinning
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|l ntroductil on

This first introductory chapter is meant to give an insight into the company from
which the basis of my master thesis stems, the goals of this project and the
limitations to how far thelevelopment process will kempleted.

1.1 Precious Plastic

Precious Plastiis an opersourceproject that was started 2013by Dutchdesigner

Dave Hakkeng§l]. The idea was to make a series of machines that were to decrease
the problem of plastic waste throughout the world by reshaping it into new products
on a local basiddakkens suggested that people all over the world could build their
own production line and pay the local citizens a smalbfsmrdingto the weight

of the raw material they bring to the workstap

Version 1.0 wasnerelya proof of concept for his glaation project at Design
Academyin Eindhoven. More people got involved to help develop version 2.0 to
make them easier to build usibgsicmaterials that are available worldwifl{.

The blueprints and instructions werentshared freely at his webs#ed he made
aforum to form acommunity ofmachine developers that give feedback and help
each other with problems thatay arise during the construction phase and as a
source of inspiratioffor further uses. The machine that vimslt and developeh

this thesids based on this version.

1.2 Background

The machine series was noticed by Olaf Diegel, Head of Division of Product
Developmentt Lund University. He wanted students to build the machine series
for the benefit of the school so that other studentccmakesimple products out of
recycled plastic for other project coursesThe series comprises a total of four
machines:shredding, injection, compression and extrusion machihles.three
latteraredependent on the output of the shredder. They melt and reshagestice
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flakes that the shredder creates from pleestic wasteAs this would be the first
machine of the series to be built at the schmard top priority was therefore to build
a goodand functioning shredder to have a foundationdibrer studentgo build
upon.

1.3Aims and purpose

Hakkens was clear in his instructions that the Precious Plastic machines are not
perfect and so is under ongoing development by the community. Consequently,
problems werexpected to arise during construction and testing since vasation
dimensions and tolerance wilepend on the precision of the material supplier and
manufacturing methodSince the blueprints only cover the actual shregderand

a geneal framework, the actual setupould have to be modified to fit whatever
power supply unit (PSUhat was finally used.

To summarize, the main objectives of the proyeeteto:

T Build a functioning shredding maicte for plasticswaste.

1 Make an easily dethable modular PSthat canbe used for other future
applications.

1 Redevelop the shredder to improve performance, output quality, assembly
and/or usefriendliness, after testing of the machine.

9 If possible, rebuild the machine with the new improvements.
1 Minimize building cost.
1.4Scope

The projectrangal from the complete building anedting of the plastic shredder
provided by Hakkens to development of a new design of the shreditdarately,

the goal wago build a physical and functioning version of the new design of the
shredder

No deeper analysiwas madef the throughput of the machine in any of its versions
other than a cursory examinatidrthe desiredfunctionality is fulfilled.

To keep the costto a minimum, the building of the machiwasexclusively done
in theschools workshop at IKDC, Lund.



1.5 Limitations

The costsvere notcalculated as a considerable part of techiningwas carried
out by the superviserof the workshop when theyereavalable. Thiswasdone
inbetween other work which madeifficult to assess the time spgean my project
and thecorrespondingosts Besides,iie majority of the costserethat of the PSU
and as sucts highly dependent on what is available and variesaty.

The project did not comprisany type of manual for the machine or protocols
regarding safety in operating or handling the machine. It is up to any user of the
machine to use it responsibly and exercise caution on personal safety and integrity
of the machine.

No CAD modelsvereanalyzed by FEMased programs as the forces acting on the
shreddemvould be too difficult to anticipate and model which would likédad to
irrelevant results.



2Met hod

The purpose of this chapter is to give insight into the methodology used during the
course of the project. Aswtasof a more practical nature than most other master
theses, the methodolothat wasfound best suited turned out to be less theoretical
andstrict than whaimightnormallybethe case

2.1Project Pan

The actual building of the machine involved several manufacturing steps that |
lacked practical experienagith and so had to be done in part by the workshops
supervisors. The unregulaccessibiliy of certain machines made it difficult to nail
down a precise project plan to follow. Consequently, at the start up ofdjleeta

very loose plarwas madesee Appendix Awith expected milestones to aim
towards. This was intended to be amended aprttject progressed.

2.2Pre Study

2.2.1 Provided Material

Before construction of the individual parts of tmachine it was decidedthat a
study of the provided blueprints and CAlbawingswould be undertakenThis
would give better understanding of how it was constructed amappotunityto
discover areas that could potentially cause problem during assérblprecious
Plastic forum where other machine builders around the world post about their
progress and problems thaeyhencounteredvould alsobe studied to thisnd

2.2.2 Industrial Shredders

During construction phase of the provided original design, a study of curnese in
shredders designed for different purposesid be made to draw inspiration for the
following redesign of my own shredder.
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A study of the machine builds posted on the Precious Plastic forum by other people
couldalso give valuable insight injeositives and negatives on the current design
and ideas fochange.

2.3Development Method fdahe Redesign

After a cursory study of the wahese machines are built, it waesalized that the
different possibilities of configuration are considerably limit€terefore it was
decidednot to usethe typical prodat development process taught by the school and
formulated by Ulrich & Eppinger3].

2.3.1 Gradual refinement of a new design

It was concludedhat the met practical approach would bevary simple design
strategy A few general constiction ideasvould be formulateéndthenevaluate
at that level. The ones that sdithe projectgarticular situation and limitations
wouldthen be refined further until a final versioould bedevised.

2.3.2 Building the new design

Ideally, therewould be enough time to build the previously mentioned new design
in actual scale and materials. Assuming that the original desighd function
despite prospective flaws, the option to build this new vemsiouid largely come
down to amatterof cost. If buit, the new desigmould be tested and compared to
the previously built version.

2.3.3 Final Design

If needed a final designwvould be made to solve any resulting problems arising in
the previous testing. This last versioare however, not planned to be bullie to
the aforementioned financial limitations. An illustration using a CAD madeild
likely suffice to show any design changes at this stage.



3Prst udy

This chaptepresentghe result of the prstudy described in chapter 2.2.

3.1Provided Material

The material provided by Precious Plastic to build the shredder can be found at
https://github.com/hakkens/preciepkstickit/archive/master.zip and contain
everything neéed to build any of the four machinegsomplemented bythe
instruction videos on their homepadgéps://preusplastic.com/en/videosSee
Figure 3.1 for an overview of a shredder built by Precious Plastic.

Figure 3.1 A general view of the shredder as built by Precious Plastic.


https://github.com/hakkens/precious-plastic-kit/archive/master.zip

3.1.1 Framework

The first observatiomadewhile studying the materialvas that the framework
would have to be modifieto fit whatever setup of PSU was use.Furthermore,

the raised platform that is meant to support the shreddgyastfSSP) wouldhave

to beeithervery carefully measured to maintain axis alignment of the SSP shaft and
the PSU output shaft or anothdgsignshould beused. Any misalignmenvould

cause unmessary strain on the bearings. A, by such radial forces, gradual loosening
of the bolts securing the positioning of the SSP shaft cvuddworstcasescenario

cause the knive® strike solidly into theounteknives seeFigure3.2, and destroy

the machine.

Figure 3.2 SSP where knives (green) and counterknives (red) are marked.

3.1.2 Shredder Subpart

The main issue seen in the SSP werepihezle shapedonnectors between the
different parts of thénousing, as seen iRigure 3.3. Many of the parts that are
supposd to fit together tightly are designed with no gaps, i.e. a 10.0 mm wide male
part is designed to fitith a 10.0 mm wide female part.
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Figure 3.3 Two pieces with puzzle shaped connectors. Slits dependentsiteet metal thickness
marked by arrow.

The precision of the manufacturing method would greatly influence the outcome of
the fitting. Another influencing factor is the precision of the manufacturer of the
sheet metal as some fittings were dependent onithigheslits marked by a red
arrowin Figure 3.3 wherethe width of the slits corresponds to the sheet thickness
of the connecting part.

3.1.3 PSU

As notedin the Bill of Materials from Precious Plastic, séppendix B, the
specifications of the PSU call for a motor witlpawerof ~ 2 kW and an output
speed ~ 70 RPM. That would result in a torque of around 300 Nm at the output shaft
Posts at the Precious Riasforum told of builders thatisedother configurations

with less power and harhixed results. My conclusions were that 300 Nm is
probably more than what is actually necessary. | would, however, try to get as close
as | could to ensure that the machioeshot clog and stop if | try to shred thicker
pieces of plastic.

3.2Industrial Shredders

By investigating a multitude of different industrial shredders | realized that they all
build on the same principle, with different configurationsvad key aspectbased
on the application of the machine



3.2.1 Shafts

The most basic disparity between the different designs is the number of knife shafts
Most of the shredderstudied wereither single or double shafted but some heavy
duty onesvereeven made with fouiheobvious advantage of having several knife
shafts is of course that the number of cuttinjoas at any given time increases
with the number of shafta/hich increases the speed of the procéb& major
advantage with several shafts, however, seemed tormicable increase in its
ability to pull material through the machine. When compatirem to videos of
Hakken testinghis machine, thewppeard to have much less problems with the
material to be shredded skipping on top of the knives.

Figure 3.4 Four shaft shredder

3.2.2 Knives

The seconattribute that usually differs is the design of the knives themselves. This
is highly dependent on the application they are to be usdddaxy-duty shredding
such as carengine block transmissiosand othellargemetal pieces require the
knives to be thicker and smaller, coupled with a slower speed to increase torque.

The number of teeth also affects the performance of the machine. More teeth mean
faster cutting; but it alsmcreasethe risk of the object to be shredded skipping on
top of theknives as well as the risk of clogging the mawhand thus forcing a
reveiseof the spin directionf the kniveshave too many teeth the machine may not

be able to shred tougher objeatsmore teeth will be engaged at any time

Most machinesise one of twdooth designs with minor variations. The first is in
the general shapd a hookwhere the cutting edges are squdige Precious Plastic
knivesare based on this design, albeit a bit different than most bthdes see
Figure3.5. Typically, the hook is made with a straight cutting edge astdagghtor
roundedsupporting backas seen iffigure3.5. Hakkens used a curved cutting edge

9



instead. The othertype uses triangularly shaped tteeand similarly shaped
counteknives seeFigure3.6.

Figure 3.5 Left: shredder knives as designed by Precious Plastic. Right: Assorted industrial
shredder knives.

Figure 3.6 Triangular teeth and counterknives.

As seen inFigure 3.6 many high end shredding machines use easily replaceable
cutting edges to improve maintenance and longevity.

There are a few other variations typically adapted to the specific task they perform.
One such is a paper shredder. As the main purpose is not oatiute it to smaller
pieces but also to destroy the information contained on it, the paper needs to be
reduced to small enough pieces that the text and images become unintelligible. As
the paper doesot cause much resistance, these machines can be designed with
larger amount of blades that are much thintieshredding the papers into strips is
enough, asimple dualshaft design with completelgound kniveswould suffice

10



Should a finer shred be needed, thevimgsly described hoeklades arean
alternative, se€igure3.7.

Figure 3.7 Paper shredder with hook knives.

11



4 Bui l ding the Machin

This chapter covers the entire building phase of the shredder by Precious Plastic
with some changes made to the design.

4.1PSU

Based on the specifications and the load applicatioras decided that a geedl
motor would be best suited ftire task. Dave Hakkens s angular geared motor
in his setupas seen ifrigure4.1, that he found on a local junkyard, albeit with a
lower speed than the specified. Based on his instruction vitespeedwas
approximatedo ~35RPM.

Figure 4.1 Dave Hakkens angular geared motor.

12



4.1.1 Worm Drive

Thefirst plan wasto buy a used motomd connect it to a new worm gefom

Lilienbergs AB shownin Figure 4.2; they were reasonably priced and had high
reduction ratios.

Figure 4.2 Worm gear from Liljenbergs AB.

A worm gear of similar type from Mekaxé\B is supposed to handle max torques
of 1050 Nm[4]. The output shaft would then be connected to the lahi&dt using
a jaw coupling, sekigure4.3.

Figure 4.3 Jaw coupling.

These couplingare designed to be able to transéege amounts of torque, as my
application requires. The flexibility of the elastomer spider between the two claws
also allow a maximum misalignment of the two shafts of [BR°This would make

the assembly a little bit easiérfound amotor, sed-igure4.4, at a locéjunkyard

with adequate power, s&gure4.5, for 200 SEK

13



¥ U DER 3~Mot 90L
/L ATBLOHER 7856920 H_071
SN /305 314131 8

¥ F PS4 EN 60034
L Yis WMV 47/81 A%
2> cos?0.85 2.20kW 2820 /min 50Hz

£ Y/A 4007230 V 47/81A
=cos?0.85 220kW 2820/min 50Hz €

Figure 4.5 Rating plate of the motor.

It had previously been used as a pump so the pump hdwsihtp baemoved. A

lot of time was spengetting rid of the impeller that had rusted onto the motor,
without damging the underlying shafseeFigure4.6. After connecting the motor
through a protective circuit breakeeeFigure4.7, it ran without fault

14



Figure 4.6 Motor after removing the pumphouse and part of the impeller.
] N L SRR

Figure 4.7 Motor connected to a protective circuit breaker.

However, when Liljienbegswas calledo place an order for the worgear, the sales
representativinformedthat thosevere not dimensioned to handle such forces and
that worm gears are unged for this application. They work by using screw
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shaped gear, called worm, to drizdarger gear, called worm geas can be seen
in Figure4.8. Ideally, the worm is made of hardened alloy steel and the worm gear
of phosphor bronze [6].

NN

Figure 4.8 The basic setup of avorm gear.

Besides offering a compact way to achieve high reductions ratios, this desigs

as a kind of brakeThe worm can drive the large wheel in both directions but the
output shaft cannot drive the worm shaft. The sharp angles of theGsvteath
produce enougktrittion to lock the two gears together, resulting in the worm gear
trying to shear off the teetif the worm This function doegat affect my particular
situationthough as there is no risk of external forces drivitg knife shaft
However, sinceworm drive works entirely through asliding frictional contact
between the gears, the system requhiggly specified lubrication with high
viscosity which makes it unsuitddr thisrelatively simplemaching[7]. According

to Liljenbergsit would instead béetter to lookfor a coaxialgeamotor, as seen in
Figure4.9.
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Figure 4.9 Coaxial gearmotor.

That turned out to be tto find at low enough pricén offer for a new such from
Liljlenbergs showed a total cost b8950 SEK + 25% VAT and additional freight
cost which would definitely be too much as the esoseeded to be kepp a
minimum Most usedjeamotors with a sped similar to theecommendatioturned

out to have too low power outpwlternatively,a used geanotor could be found

and then change the motor to the omdready boughtUnfortunately, the motors
speed of 2820 RPM, as seerFigure4.5, is unusually high which forces a higher
reduction ratio of i:40 to reach 70 RPM on the output shaft. This turned out to be
hard to find in a strong enough design.

4.1.2 Belt drive

It wasdecided tansteadusea V-belt drive transmissiqralso called friction drive
seeFigure 4.10 (left), as | could more or less easily modify the framework to
accommodate the system of pulleys and beBssides being aommon and
economic way ofransmitting power, belt drive offers the significant advantages of
shock load dampening and not requiring lubrica{i®h It would also act as an
additional safeguard plastic were to jam the machine or the knives would strike
the counterknives as the belts are free to slip if the resistance is too high. The
downsideof the belts ability to slip is that its unsuited to applications that need high
precisian of velocityratio and timing, whicHortunately, this machine does ndb
solve that problem, oneould use ribbed belisas shown irFigure 4.10 (right)
instead, as in theamshaft transmission of a car engiseeFigure4.11
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Figure 4.10 V-belt drive (left) and Ribbed belt drive (right).

Figure 4.11 Ribbed belt as a timing belt for the camshafts of a car engine.

To calculate the size and position of the pulleys, length of the belts ané&dnamb
belts in the transmissica handbook on tedrives from Trelleborg ABvas used

The required high reduction rate means that if a small pulley with a diameter of 63
mmwas usedn the motor shaft, then the pulley on the knife shaft whaldeto

be 2.5 m in diameter. Obviouslthis would nobepractical The solution would be

a setup of several subsequent transmissions via separate shafts. As seen in Appendix
C the power that can be transmitted per zliowerwith decreasingpeedand
diameterof the smallest pulley. This me#hat the lasttep of the transmission is

the critical componen@ o avoid using very large pulleya,balancevould have to

be found betweethe size of the last reducti@mdthe size of the smallest pulley.

As the availability of pulleys with more grooves than sikrigted the first thing to
calculate washe smallest size possible of tkr@fe shaft pulley anthendimension
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