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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 to reduce 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 and to develop an improved version after testing it. It was 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 handling and 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 some difficulties 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. 
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Sammanfattning 

Den här rapporten behandlar ett projekt hos avdelningen för produktutveckling vid 

Lunds Universitet för att bygga och vidareutveckla en flismaskin för plast. Den 

baserade på open-source ritningar från Precious Plastics maskinserie, ett ideellt 

projekt av Dave Hakkens för att reducera plastavfall. Dess syfte är att flisa vanligt 

plastavfall så att flisorna kan smältas om för att skapa nya produkter av studenter i 

de följande maskinerna i serien. Projektets huvudmål var att bygga flismaskinen till 

minimal kostnad och att utveckla en förbättrad version efter att ha testat den. Den 

byggdes med hjälp av lokala maskiner i skolans verkstad och drivs av en växelmotor 

som byggdes av delar som hittades hos en lokal skrothandlare. Mindre 

modifikationer av originalritningarna gjordes för att förbättra hanteringen och 

monteringen av maskinen. Växelmotorn och dess elektronik byggdes även på en 

separat plattform för att skapa en modulariserad enhet som är enkel att avskilja om 

den önskas användas i andra syften. 

Flismaskinen fungerade som tänkt men skapade vissa svårigheter under 

monteringen. Den nya designen adresserade detta problemet såväl som ökade 

skärfrekvensen genom att modifiera knivarna och motknivarna. I brist av tid och 

begränsat kapital byggdes och testades aldrig en faktisk version av den nya 

designen. 

 

Nyckelord: Produktutveckling, Plast, Avfall, Flismaskin, Återvinning 
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Introduction 

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 the development process will be completed. 

1.1 Precious Plastic 

Precious Plastic is an open-source project that was started in 2013 by Dutch designer 

Dave Hakkens [1]. 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 basis. Hakkens suggested that people all over the world could build their 

own production line and pay the local citizens a small fee according to the weight 

of the raw material they bring to the workshop [2].  

Version 1.0 was merely a proof of concept for his graduation project at Design 

Academy in Eindhoven. More people got involved to help develop version 2.0 to 

make them easier to build using basic materials that are available worldwide [1]. 

The blueprints and instructions were then shared freely at his website and he made 

a forum to form a community of machine developers that give feedback and help 

each other with problems that may arise during the construction phase and as a 

source of inspiration for further uses. The machine that was built and developed in 

this thesis is based on this version. 

1.2 Background 

The machine series was noticed by Olaf Diegel, Head of Division of Product 

Development at Lund University. He wanted students to build the machine series 

for the benefit of the school so that other student could make simple products out of 

recycled plastic for other project courses. The series comprises a total of four 

machines: shredding, injection, compression and extrusion machines. The three 

latter are dependent on the output of the shredder. They melt and reshape the plastic 
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flakes that the shredder creates from the plastic waste. As this would be the first 

machine of the series to be built at the school, our top priority was therefore to build 

a good and functioning shredder to have a foundation for other students to build 

upon. 

1.3 Aims 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 were expected to arise during construction and testing since variations in 

dimensions and tolerance will depend on the precision of the material supplier and 

manufacturing methods. Since the blueprints only cover the actual shredder-part and 

a general framework, the actual setup would have to be modified to fit whatever 

power supply unit (PSU) that was finally used. 

To summarize, the main objectives of the project were to: 

¶ Build a functioning shredding machine for plastics waste. 

¶ Make an easily detachable modular PSU that can be used for other future 

applications. 

¶ Redevelop the shredder to improve performance, output quality, assembly 

and/or user-friendliness, after testing of the machine. 

¶ If possible, rebuild the machine with the new improvements. 

¶ Minimize building cost. 

1.4 Scope 

The project ranged from the complete building and testing of the plastic shredder 

provided by Hakkens to development of a new design of the shredder. Ultimately, 

the goal was to build a physical and functioning version of the new design of the 

shredder. 

No deeper analysis was made of the throughput of the machine in any of its versions 

other than a cursory examination if the desired functionality is fulfilled. 

To keep the costs to a minimum, the building of the machine was exclusively done 

in the schools workshop at IKDC, Lund.  



3 

1.5 Limitations 

The costs were not calculated as a considerable part of the machining was carried 

out by the supervisors of the workshop when they were available. This was done 

inbetween other work which made it difficult to assess the time spent on my project 

and the corresponding costs. Besides, the majority of the costs were that of the PSU 

and as such is highly dependent on what is available and varies greatly. 

The project did not comprise any 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 models were analyzed by FEM-based programs as the forces acting on the 

shredder would be too difficult to anticipate and model which would likely lead to 

irrelevant results. 
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2 Method 

The purpose of this chapter is to give insight into the methodology used during the 

course of the project. As it was of a more practical nature than most other master 

theses, the methodology that was found best suited turned out to be less theoretical 

and strict than what might normally be the case. 

2.1 Project Plan 

The actual building of the machine involved several manufacturing steps that I 

lacked practical experience with and so had to be done in part by the workshops 

supervisors. The unregular accessibility of certain machines made it difficult to nail 

down a precise project plan to follow. Consequently, at the start up of the project a 

very loose plan was made, see Appendix A, with expected milestones to aim 

towards. This was intended to be amended as the project progressed.  

2.2 Pre-Study 

 Provided Material  

Before construction of the individual parts of the machine, it was decided that a 

study of the provided blueprints and CAD-drawings would be undertaken. This 

would give better understanding of how it was constructed and an oppotunity to 

discover areas that could potentially cause problem during assembly. The Precious 

Plastic forum, where other machine builders around the world post about their 

progress and problems that they encountered, would also be studied to this end.  

 Industrial Shredders 

During construction phase of the provided original design, a study of current in-use 

shredders designed for different purposes would 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 

could also give valuable insight into positives and negatives on the current design 

and ideas for change.  

2.3 Development Method for the Redesign 

After a cursory study of the way these machines are built, it was realized that the 

different possibilities of configuration are considerably limited. Therefore, it was 

decided not to use the typical product development process taught by the school and 

formulated by Ulrich & Eppinger [3].  

 Gradual refinement of a new design 

It was concluded that the most practical approach would be a very simple design 

strategy. A few general construction ideas would be formulated and then evaluated 

at that level. The ones that suited the projects particular situation and limitations 

would then be refined further until a final version could be devised. 

 Building the new design 

Ideally, there would be enough time to build the previously mentioned new design 

in actual scale and materials. Assuming that the original design would function 

despite prospective flaws, the option to build this new version would largely come 

down to a matter of cost. If built, the new design would be tested and compared to 

the previously built version. 

 Final Design 

If needed, a final design would be made to solve any resulting problems arising in 

the previous testing. This last version were, however, not planned to be built due to 

the aforementioned financial limitations. An illustration using a CAD model would 

likely suffice to show any design changes at this stage. 
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3 Pre-study 

This chapter presents the result of the pre-study described in chapter 2.2.  

3.1 Provided Material 

The material provided by Precious Plastic to build the shredder can be found at 

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

everything needed to build any of the four machines, complemented by the 

instruction videos on their homepage https://preciousplastic.com/en/videos/. See 

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
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 Framework 

The first observation made while studying the material was that the framework 

would have to be modified to fit whatever setup of PSU was to use. Furthermore, 

the raised platform that is meant to support the shredder sub-part (SSP) would have 

to be either very carefully measured to maintain axis alignment of the SSP shaft and 

the PSU output shaft or another design should be used. Any misalignment would 

cause unnecessary strain on the bearings. A, by such radial forces, gradual loosening 

of the bolts securing the positioning of the SSP shaft could, in a worst-case-scenario, 

cause the knives to strike solidly into the counterknives, see Figure 3.2, and destroy 

the machine. 

 

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

 Shredder Sub-part  

The main issue seen in the SSP were the puzzle shaped connectors between the 

different parts of the housing, as seen in Figure 3.3. Many of the parts that are 

supposed to fit together tightly are designed with no gaps, i.e. a 10.0 mm wide male 

part is designed to fit with a 10.0 mm wide female part. 
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Figure 3.3 Two pieces with puzzle shaped connectors. Slits dependent on sheet 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 on this, i.e. the slits marked by a red 

arrow in Figure 3.3 where the width of the slits corresponds to the sheet thickness 

of the connecting part. 

 PSU 

As noted in the Bill of Materials from Precious Plastic, see Appendix B, the 

specifications of the PSU call for a motor with a power of ~ 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 Plastic forum told of builders that used other configurations 

with less power and had mixed results. My conclusions were that 300 Nm is 

probably more than what is actually necessary. I would, however, try to get as close 

as I could to ensure that the machine does not clog and stop if I try to shred thicker 

pieces of plastic. 

3.2 Industrial Shredders 

By investigating a multitude of different industrial shredders I realized that they all 

build on the same principle, with different configurations of two key aspects based 

on the application of the machine. 
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 Shafts 

The most basic disparity between the different designs is the number of knife shafts. 

Most of the shredders studied were either single or double shafted but some heavy-

duty ones were even made with four. The obvious advantage of having several knife 

shafts is of course that the number of cutting actions at any given time increases 

with the number of shafts which increases the speed of the process. The major 

advantage with several shafts, however, seemed to be a noticable increase in its 

ability to pull material through the machine. When comparing them to videos of 

Hakken testing his machine, they appeard to have much less problems with the 

material to be shredded skipping on top of the knives. 

 

Figure 3.4 Four shaft shredder 

 Knives 

The second attribute that usually differs is the design of the knives themselves. This 

is highly dependent on the application they are to be used for. Heavy-duty shredding 

such as cars, engine blocks, transmissions and other large metal 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 also increases the risk of the object to be shredded skipping on 

top of the knives, as well as the risk of clogging the machine and thus forcing a 

reverse of the spin direction. If the knives have too many teeth the machine may not 

be able to shred tougher objects as more teeth will be engaged at any time. 

Most machines use one of two tooth designs with minor variations. The first is in 

the general shape of a hook where the cutting edges are square. The Precious Plastic 

knives are based on this design, albeit a bit different than most other blades, see 

Figure 3.5. Typically, the hook is made with a straight cutting edge and a straight or 

rounded supporting back, as seen in Figure 3.5. Hakkens used a curved cutting edge 
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instead. The other type uses triangularly shaped teeth and similarly shaped 

counterknives, see Figure 3.6. 

 

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 in Figure 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 only to reduce 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 does not cause much resistance, these machines can be designed with a 

larger amount of blades that are much thinner. If shredding the papers into strips is 

enough, a simple dual-shaft design with completely round knives would suffice. 
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Should a finer shred be needed, the previously described hook-blades are an 

alternative, see Figure 3.7. 

 

Figure 3.7 Paper shredder with hook knives. 
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4  Building the Machine 

This chapter covers the entire building phase of the shredder by Precious Plastic 

with some changes made to the design. 

4.1 PSU 

Based on the specifications and the load application it was decided that a geared 

motor would be best suited for the task. Dave Hakkens uses an angular geared motor 

in his setup, as seen in Figure 4.1, that he found on a local junkyard, albeit with a 

lower speed than the specified. Based on his instruction videos its speed was 

approximated to ~35 RPM.  

 

Figure 4.1 Dave Hakkens angular geared motor. 
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 Worm Drive  

The first plan was to buy a used motor and connect it to a new worm gear from 

Li ljenbergs AB, shown in 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 Mekanex AB is supposed to handle max torques 

of 1050 Nm [4]. The output shaft would then be connected to the knife shaft using 

a jaw coupling, see Figure 4.3.  

 

Figure 4.3 Jaw coupling. 

These couplings are designed to be able to transfer large 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 0.9° [5]. This would make 

the assembly a little bit easier. I found a motor, see Figure 4.4, at a local junkyard 

with adequate power, see Figure 4.5, for 200 SEK.  



14 

 

Figure 4.4 Used motor from a local junkyard. 

 

Figure 4.5 Rating plate of the motor. 

It had previously been used as a pump so the pump housing had to be removed. A 

lot of time was spent getting rid of the impeller that had rusted onto the motor, 

without damaging the underlying shaft, see Figure 4.6. After connecting the motor 

through a protective circuit breaker, see Figure 4.7, it ran without fault. 
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Figure 4.6 Motor after removing the pumphouse and part of the impeller. 

 

Figure 4.7 Motor connected to a protective circuit breaker. 

However, when Liljenbergs was called to place an order for the worm gear, the sales 

representative informed that those were not dimensioned to handle such forces and 

that worm gears are unsuited for this application. They work by using a screw-
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shaped gear, called worm, to drive a larger gear, called worm gear, as can be seen 

in Figure 4.8. Ideally, the worm is made of hardened alloy steel and the worm gear 

of phosphor bronze [6]. 

 

Figure 4.8 The basic setup of a worm gear. 

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

as a kind of brake. The worm can drive the large wheel in both directions but the 

output shaft cannot drive the worm shaft. The sharp angles of the wormôs teeth 

produce enough friction to lock the two gears together, resulting in the worm gear 

trying to shear off the teeth of the worm. This function does not affect my particular 

situation though, as there is no risk of external forces driving the knife shaft. 

However, since worm drive works entirely through a sliding frictional contact 

between the gears, the system requires highly specified lubrication with high 

viscosity which makes it unsuited for this relatively simple machine [7]. According 

to Liljenbergs it would instead be better to look for a coaxial gearmotor, as seen in 

Figure 4.9. 
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Figure 4.9 Coaxial gearmotor. 

That turned out to be hard to find at low enough price. An offer for a new such from 

Liljenbergs showed a total cost of 13950 SEK + 25% VAT and additional freight 

cost, which would definitely be too much as the costs needed to be kept to a 

minimum. Most used gearmotors with a speed similar to the recommendation turned 

out to have too low power output. Alternatively, a used gearmotor could be found 

and then change the motor to the one already bought. Unfortunately, the motors 

speed of 2820 RPM, as seen in Figure 4.5, 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. 

 Belt drive 

It was decided to instead use a V-belt drive transmission, also called friction drive, 

see Figure 4.10 (left), as I could more or less easily modify the framework to 

accommodate the system of pulleys and belts. Besides being a common and 

economic way of transmitting power, belt drive offers the significant advantages of 

shock load dampening and not requiring lubrication [8]. It would also act as an 

additional safeguard if 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 

downside of the belts ability to slip is that its unsuited to applications that need high 

precision of velocity ratio and timing, which fortunately, this machine does not. To 

solve that problem, one could use ribbed belts, as shown in Figure 4.10 (right) 

instead, as in the camshaft transmission of a car engine, see Figure 4.11. 
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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 and number of 

belts in the transmission a handbook on belt drives from Trelleborg AB was used. 

The required high reduction rate means that if a small pulley with a diameter of 63 

mm was used on the motor shaft, then the pulley on the knife shaft would have to 

be 2.5 m in diameter. Obviously, this would not be practical. 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 belt is lower with decreasing speed and 

diameter of the smallest pulley. This mean that the last step of the transmission is 

the critical component. To avoid using very large pulleys, a balance would have to 

be found between the size of the last reduction and the size of the smallest pulley. 

As the availability of pulleys with more grooves than six is limited the first thing to 

calculate was the smallest size possible of the knife shaft pulley and then dimension 


