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Project Specification 

In recent years Johann Rocholl designed and developed the Rostock 3D printer, which is a 

delta 3D printer. Brian Evans followed by designing and developing the Rostock Mini. This 

smaller printer was designed to have a smaller build volume which would allow for a 

smaller, more compact version of the delta RepRap design, in other words, a domestic 3D 

printer for your desktop.   

My goal will be to build my own Rostock Mini and I will observe my results, and research 

improvements for the printer, all the while, developing an in-depth knowledge of robotics 

and CNC programming. This will provide me with the opportunity to integrate my 

knowledge of mechanics and electronics and software to work towards a working, operable 

outcome. 
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Abstract 

It has been predicted that, in the not too far off future, there will be 3D printers in every 

household. The materials used in these domestic printers can range from plastics, metals, 

and food-stuffs.  The uses for these printers are potentially endless. This project aims to 

explore the assembly and commissioning of a 3D printer, that of the Delta robotic design, 

it’s working technologies, and the possibility of taking the concept further. 

Since the Rostock Mini is still merely at its prototype stages, the task was given to build and 

programme a version of the Rostock Mini model. This would aim to identify the components 

and technology required for building a replicator printer. It would involve the integration of 

mechanics and electronics and software, and help towards further development of one’s 

knowledge of technology, in automation, robotics, and software development. 
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Chapter 1: Introduction 

The project 

Build a Rostock Mini 3D printer, simulate with Marlin firmware, observe results and 

research improvements. 

Aims and objectives1 

1. Build the Rostock Mini as per specified design according to RepRap forum 

2. Finish the commissioning stages of the build. 

3. Observe outcomes and obtain optimum results. By varying the parameters of the 

feed-rate, extruder materials and extruded materials, it should be possible to obtain 

optimum results for an efficient 3D printer fit for domestic use. 

Core Objectives: 

1. Build the Rostock Mini  

The Rostock Mini will consist of NEMA17 stepper motors, and a Sanguinolou master electronic 

board, with Pololu drivers. The first step will be to gain more understanding of how these 

printers work, and to research blogs found online based on the Rostock and Rostock Mini 

printers. With the source files available on the Reprap forum it will be possible to 3D print 

many of the parts for the printer, thus, making for a cheaper, and therefore, more efficient 

build.  

2. Programme the Rostock printer using Marlin Firmware 

Marlin firmware has been developed for use with 3D printer machines. The Marlin firmware 

is what provides the controller with the know how to interpret instructions received from 

the PC. 

3. Observe results and obtain optimum results. By varying the parameters of the feed-

rate, extruder materials and extruded materials, it should be possible to obtain 

optimum results for an efficient 3D printer fit for domestic use. 

                                                      

1
 Refer to Written Appendix A-1 Gantt Chart for project plan 
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Chapter 2: Reprap 3D Printing 

An Introduction to 3D Printing 

The concept of the 3D printer is not relatively new, but it is proving to be an increasingly 

popular and exciting device in the modern age. 3D printing is more widely termed ‘Rapid-

prototyping’, the idea being that it is possible for any shape that can be drawn using CAD 

(Computer Aided Design), can now be replicated via the melting and cooling of a substance. 

Common types of 3D printing include sintering (with white nylon powder), photo-

polymerisation (laser light), and 3D extruding. Various materials can be used so that 

ceramic, plastic, metal, concrete objects can be replicated.  

Type Technologies Materials 

Extrusion Fused deposition modeling (FDM) 
Thermoplastics (e.g. PLA, ABS), eutectic 
metals, edible materials 

Granular 

Direct metal laser sintering (DMLS) Almost any metal alloy 

Electron beam melting (EBM) Titanium alloys 

Selective heat sintering (SHS)[citation needed] Thermoplastic powder 

Selective laser sintering (SLS) 
Thermoplastics, metal powders, 
ceramic powders 

Powder bed and inkjet head 3d printing, 
Plaster-based 3D printing (PP) 

Plaster 

Laminated Laminated object manufacturing (LOM) Paper, metal foil, plastic film 

Light 
polymerised 

Stereolithography (SLA) photopolymer 

Digital Light Processing (DLP) liquid resin 

Table 1 3D printing processes
i 

3D printing can already be used in a wide range of applications. AIRBUS and Boeing use 3D 

printing for a number of parts in their aircraftsii. The Austin Martin, in the latest Bond movie 

“Skyfall”, is actually a 3D printed replica. The US Army has experimented with carrying truck-

mounted 3D printing machines, for the purpose of producing replacement parts and 

components for trucks and tanks in the battlefield. Likewise, NASA intends to take a 3D 

printer on space missions. Experiments are being carried out on concrete printing machines 

http://en.wikipedia.org/wiki/Fused_deposition_modeling
http://en.wikipedia.org/wiki/Thermoplastics
http://en.wikipedia.org/wiki/Polylactic_acid
http://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
http://en.wikipedia.org/wiki/Eutectic
http://en.wikipedia.org/wiki/Direct_metal_laser_sintering
http://en.wikipedia.org/wiki/Metal_alloy
http://en.wikipedia.org/wiki/Electron_beam_melting
http://en.wikipedia.org/wiki/Titanium_alloy
http://en.wikipedia.org/w/index.php?title=Selective_heat_sintering&action=edit&redlink=1
http://en.wikipedia.org/wiki/Wikipedia:Citation_needed
http://en.wikipedia.org/wiki/Selective_laser_sintering
http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Sintering#Sintering_of_metallic_powders
http://en.wikipedia.org/wiki/Sintering#Ceramic_sintering
http://en.wikipedia.org/wiki/Powder_bed_and_inkjet_head_3d_printing
http://en.wikipedia.org/wiki/Plaster
http://en.wikipedia.org/wiki/Laminated_object_manufacturing
http://en.wikipedia.org/wiki/Paper
http://en.wikipedia.org/wiki/Metal_foil
http://en.wikipedia.org/wiki/Plastic_film
http://en.wikipedia.org/wiki/Stereolithography
http://en.wikipedia.org/wiki/Photopolymer
http://en.wikipedia.org/wiki/Digital_Light_Processing
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at the Loughborough University. Furthermore, the idea of 3D printing biological components 

is being explored. iii A quick search on Youtube.com will get you videos of 3D printers 

extruding chocolate and foodstuffs. The Carnegie Mellon University has been successful in 

creating a 3D chocolate printer, “Wonkabot”.iv  MIT have a concept 3D printer, 

“Cornucopia”, among several other food-based 3D printer concepts. MIT have, and are, 

exploring options, where it is possible to produce chocolate sweets with several different 

fillings.v 

Online, there are several “upstart” companies that are creating business from supplying kits 

and components for use in Reprap machines. Another online site called thingyverse has a 

growing database in excess of 25,000 3D drawings. All of these are currently accessible for 

users to download the .stl files. It is then possible for the user to send the files to their 

replicator machines, and immediately begin printing.vi  

3D printing allows shapes to be printed that otherwise would have been impossible to 

manufacture. An example is the Klein bottle, see Figure 1 and Figure 2, – an object that has 

a non-orientable surface – the Klein bottle has no known purpose, but its significance lies in 

the fact that such an object can be manufactured, but only via the method of 3D printing.vii 

 

Figure 1 CAD drawing of a Klein bottle 
[www.www2.bc.edu/john-sullivan-13/] 

 

Figure 2 3D print of a Klein bottle (unfinished) 
[www.foter.com/photo/klein-bottle-printed-on-rostock/]  

It is true that 3D printers have existed for a number of years, but it is only recently that 

manufacturers are attempting to build 3D printers for the desktop. The typical replicator 

http://www.www2.bc.edu/john-sullivan-13/
http://www.foter.com/photo/klein-bottle-printed-on-rostock/
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could cost approximately £2000 (€2400), but competitors and Reprappers have produced 

devices that cost much less. It is now possible to purchase assembled, Reprap machines, 

online, for approx. $500 (£330). The Ultimaker is a desktop 3D printer, for DIY assembly, and 

it costs approx. $1200 (£800)viii. The Makerbot Replicator 2X offers dual extruders to allow 

users to generate 3D shapes with more than one colour and gain quicker printing speeds, 

but, as it is currently in the development stage of production, an approximate costing is not 

available at this time.ix 

The principle of 3D printing involves taking a 3D shape and slicing it into several 2D shapes.  

The software slices the 3D shape into several 2D layers, and generates G-code for 

positioning the extruder. The first layer is melted and hardened onto the appropriate 

surface, and each layer is stacked upon and adhered to joining layers, to finally achieve the 

desired 3D shape.x  
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The Basic Operation of 3D printing 

 

Figure 3 Basic operation of a 3D Printer 

Stereolithography (.Stl) files are downloaded to the PC. The host software allows you to 

select printing options, for example, the size of the object to be printed, if it is hollow or 

solid, print quality, etc. This software converts your object into a series of digital cross-

sections or layers, which the machine uses as a guide for printing the 3D shape. The layers 

or cross-sections are stored in G-code format. This software generates the code according to 

the options you have selected. This data is then sent to the chip on the controller for the 

printer, which will apply power to the motors for the pulleys and the extruder accordingly. 

The host software is also responsible for manually controlling the printer when it is not 

printing, or when it needs to be paused, which is extremely important because it takes 

several hours to complete some jobs, and there are several reasons why the machine would 

need to be stopped, temporarily. 
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An Introduction to Reprap 

“Three-dimensional printing makes it as cheap to create single items as it is to produce 

thousands and thus undermines economies of scale. It may have as profound an impact on 

the world as the coming of the factory did....Just as nobody could have predicted the impact 

of the steam engine in 1750—or the printing press in 1450, or the transistor in 1950—it is 

impossible to foresee the long-term impact of 3D printing. But the technology is coming, and 

it is likely to disrupt every field it touches.”2
 

The Reprap (Replicating Rapid Prototyper) project is a community project aimed at enabling 

people all over the world to access a 3D printer of their own; the Reprap is intended to offer 

an economic solution, a replicator that is able to print its own components. The Reprap 

machines are based on the “Fused Deposition Modelling” (FDM) technique. The ultimate 

goal for Reprap is to produce a 3D printer machine that will be able to print its own 

components – to include printed circuit boards, wiring, metal components, etc. 

The Reprap project has already released four 3D printer machines: “Darwin”, “Mendel”, 

“Prusa Mendel” and the “Huxley”. The machines are named after famous biologists as an 

acknowledgement of the processes of replication and evolution. xi 

 

  

                                                      

2
 The Economist (February 10, 2011 leader) 

http://en.wikipedia.org/wiki/Economies_of_scale
http://en.wikipedia.org/wiki/History_of_the_steam_engine
http://en.wikipedia.org/wiki/Global_spread_of_the_printing_press
http://en.wikipedia.org/wiki/History_of_the_transistor
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Darwin  

The Darwin 3D printer is an FDM (Fused Deposition Modeling) printer, which, consists of a 

frame built up with rods and printed parts, it has a flat build surface and this surface can 

move vertically within that frame, this is made possible by a stepper motor and timing belt. 

At the height of the frame there are two heads that move horizontally. This is driven by two 

stepper motors and the two heads extrude a thin molten string of plastic. The machine 

prints one layer on top of the previous layer (or the base) and the surface steps one 

increment down, this layer hardens in the cooler atmosphere. The next layer is extruded on 

top of this new layer, and the process continues. The two heads means that a filler material 

can be used as well as the plastic and this allows support for any overhanging parts of the 

object. This filler material can be removed after production. 

 

Figure 4 Darwin 3D Printer [www.reprap.org/wiki/Darwin] 

The Darwin is a 3 axis 3D printer, that has a build-volume of approximately 230mm (in X) x 

230mm (in Y) x 100mm (in Z), but can be adjusted. It uses polycaprolactone (PCL), (a bio-

http://www.reprap.org/wiki/Darwin
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degradable polyester with a low melting point (60°C)) and a filler support material. The 

space between lines varies between 0.5 and 0.2mm and the feature size is approximately 

2mm. The positioning accuracy is 0.1mm, and the layer thickness is 0.3mm. It uses USB 

connection for computer interface. The power supply required is 6A max, 3A continuous at 

12V DC. The outer dimensions of the Darwin are 600mm x 520mm x 650mm (height), but 

this too, can be adjusted, and the overall weight of the Darwin is approximately 14Kg. The 

Darwin is built with sliding bearings, to minimise the number of non-printed parts.xii 
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Mendel 

The Mendel is effectively, an improvement on the Darwin. The Mendel printer has replaced 

the sliding bearings, mentioned above, with ball bearings, thus, limiting the friction and 

misalignment. The axes have also been rearranged in the Mendel, making for a less top-

heavy device. Instead, the extruder moves up and down, rather than the surface. It is also 

more compact, and has eliminated the constraint found in the Darwin’s four Z-axis lead-

screws. Overall, the Mendel provides a larger print area, but with smaller outer dimensions, 

a better axis efficiency, simpler assembly and is lighter and more portable in comparison 

with the Darwin. There is also the capacity for tool changing, but not much development has 

been done on this yet. 

 

Figure 5 Mendel 3D Printer [www.reprap.org/wiki/Mendel] 

The Mendel has a build-volume of approximately 200mm (in X) x 200mm (in Y) x 140mm (in 

Z). It uses PLA ((polylactic acid), which has a melting point of 173°C), or other alternative 

materials; it uses a 3mm (dia.) filament. The space between lines is roughly 0.5mm and the 

feature size is approximately 2mm. The positioning accuracy is 0.1mm, and the layer 

thickness is 0.3mm. It uses USB connection for computer interface. The power supply 

http://www.reprap.org/wiki/Mendel
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required is 6A max, 3A continuous at 12V DC. The outer dimensions of the Mendel are 

500mm x 400mm x 360mm (height), and the overall weight of the Mendel is approximately 

7Kg. It costs approximately £350 (€400) to produce, and requires little maintenance. Its 

speed is similar to that of the Darwin, at 15.0cm3 per hour (solid extrusion)(for PLA). The 

max speed for axis X and Y is 725mm/s.  
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Mendel Prusa 

The Mendel Prusa has two versions. The first iteration is, an improvement (disputably), on 

the Mendel. It is considered to be more suited for manufacture, it is simpler to build, 

modify, and repair. To reduce the non-printed part count, as many parts as possible are 

printed, the latest version uses only 3 608 bearings in total. The second iteration is a further 

improvement with newer designs for parts such as the belt-clamp, push-fit parts, and some 

of the fasteners have been altered to provide a lesser range of different required parts, 

making procurement easier. 

 

Figure 6 Prusa Mendel 3D Printer [www.reprap.org/wiki/Prusa_Mendel] 

The Prusa Mendel has an outer dimension of roughly, 440mm x 470mm x 370mm(height).  

And print dimensions of 200mm x 200mm x 100mm. Further iterations are currently being 

developed further. 

 

  

http://www.reprap.org/wiki/Prusa_Mendel
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Huxley 

The Huxley is based on variants of the Mendel design, and so, there is more than one Huxley 

version. The Huxley is, and was, intended to offer a device capable of a faster production 

rate. Further developments of the Huxley are running in parallel with the Mendel 

developments, and the goal for developers is to produce two printers that complement 

each other, by together, producing all the parts for both printers. Like in the Mendel, the 

extruder moves up and down, and, is compact. There is no capacity for tool changing as is in 

the Mendel, it is intended to have only one material, while the Mendel will eventually be a 

multi-material machine. Further ideas for the Huxley involve adding a pen-like device for 

sketching on the parts with; for example, a pen-plotter for use with PCBs (Printed Circuit 

Boards), or an oil-pen for helping keep separate the support filling material used for the 

overhanging areas and the actual desired part. 

 

Figure 7 Huxley 3D Printer [www.reprap.org/wiki/Huxley] 

http://www.reprap.org/wiki/Huxley
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“The idea is to develop both Mendel and Huxley in parallel, with Huxley being as cut-down 

and minimal as possible, and Mendel being the machine with all the fancy capabilities. 

Huxley will be the fastest replicator. Mendel will be the most versatile.xiii” 

The Huxley has a build-volume of approximately 140mm x 140mm x 110mm. Its outer 

dimensions are 260mm x 280mm x 280mm making it a very small 3D printer indeed.  It uses 

PLA or other alternative materials; it uses a 1.75mm (dia.) filament. The positioning accuracy 

is 0.1mm, and the resolution is 0.0125mm. It uses USB connection for computer interface. 

The power supply required is, also, 6A max, 3A continuous at 12V DC. It has a comparatively 

quicker moving speed than the Mendel, at 12,000 mm per minute, and a building speed of 

1,800mm per minute. The deposition rate is 33 cm3 per hour.     

Other Developments and 3D printing devices 

Further innovative developments have been made in several areas in the Reprap 

community. A French enthusiast has redesigned the Mendel as a more portable device. You 

are able to fold this 3D printer and carry it around like you would a briefcase.  

        xiv 

Figure 8 The FoldaRap 3D Printer by Emmanuel Gilloz, a French Reprap Enthusiast [www.reprap.org/wiki/FoldaRap] 

It uses about 20 printed parts, and costs about £510 (€600) to make. The dimensions for 

printing are 140 x 140 x 155mm (or 5.5 x 5.5 x 6.1"), has a resolution of 0.0125mm in X and Y 

and 0.0003125mm in Z. it has an accuracy of 0.1mm and it has a speed of 75-500mm per 

second.xv 

http://www.reprap.org/wiki/FoldaRap
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All these Reprap devices are relatively new, and people are still working on improving them. 

3D printing appears to be quite an infectious trend and a lot of people are jumping on the 

band wagon, making their own devices. 

Other non-reprap examples include theUltimaker, the Makerbot Replicator and the 

Makerbot Replicator 2X (uses dual extrusion). 

The Ultimaker  

 

Figure 9 Top-down view of the Ultimaker 3D Printer [www.ultimaker.com] 

The Ultimaker costs $1200 (£800) to buy. It comes pre-assembly for DIY enthusiasts. It is an 

8” cube and has a build volume of 210 x 210 x 205mm. Like the Reprap devices, it is 

connected to the PC via USB, prints with PLA and ABS. It has a resolution of 0.0125mm in X 

and Y and has increased accuracy in Z. 

The Makerbot Replicator 2X 

 

Figure 10 The Makerbot Replicator [www.makerbot.com] 

http://www.ultimaker.com/
http://www.makerbot.com/
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The Makerbot Replicator 2X uses PLA plastic, claims to have high resolution, much higher 

than the previous version – the Makerbot Replicator.  It provides a more finished look – 

without the lines usually formed in other 3D printers. It has a larger build area than the 

previous version with 285 x 153 x 155mm (11.2 x 6.0  x 6.1”). 

The Sumpod Delta is a cheap 3D printer, similar to the Rostock design, with a 180 x 180 x 

200 mm build area, and options for converting your 3D printer into a CNC machine, or, a 3D 

scanner. It appears to require setting up before use. Sumpod offers other 3D printers priced 

at £800 (€900) and £2,200 (€2600), and are based on the open-source designs that 

Reprappers produce.  

 

Figure 11 Sumpod Delta 
[www.sumpod.com] 

 

 

Figure 12 Sumpod Basic 
[www.sumpod.com] 

 

 

Figure 13 Sumpod Aluminium 
[www.sumpod.com] 

 

 

  

http://www.sumpod.com/
http://www.sumpod.com/
http://www.sumpod.com/
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Chapter 3: Rostock 3D Printer 

The Rostock and Rostock Mini 3D printer 

The Rostock is a Delta robot, i.e., a parallel robot with 3 arms connected to universal joints 

at its base. The use of parallelograms in its arms maintains the orientation of the end 

effector – that is, the device at the end of a robotic arm; in this case, the extruder. The 

parallelograms restrict the movement of the end platform in three directions, X, Y and Z. 

The arms of a Delta robot are made with a light composite material. This provides a small 

value of inertia in the moving parts, thus, allowing higher speeds and accelerations. Joining 

the 3 arms via the universal joints works to increase the robotic stiffness, but also reduces 

the working volume of the machine. 

Examples of Delta robots include “Sketchy”, a Delta robot that is able to draw portraits. See 

Figure 14: 

 

Figure 14 Sketchy, a Delta robot [www.en.wikipedia.org/wiki/Delta_robot] 

Basic Dimensions and Other Information 

The Rostock Mini, will reach a height of 50cm, and will easily fit on, or under, a study desk. 

The Rostock Mini will print using PLA, and the extruder will be configured to suit this specific 

material.   

http://www.en.wikipedia.org/wiki/Delta_robot
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The build volume, that is, the largest volume, within which the printer can print, will be, 

approximately 230 x 240 x 240mm, (9 x 9½ x 9½”).  It can be seen in Figure 15 that this 

actually varies, because of the movement of the end effector. In the case of the Rostock 

Mini, the build volume relies on the exterior dimensions of the printer, the lengths of the 

arms, the offset of the nozzle on the end-effector, and various other parameters.  

 

Figure 15 Orientation of the end effector and the variation in the build volume 

Its footprint, that is, the largest cross-sectional area of which the printer will be able to 

draw, will be of approximately 240 x 240mm (9½ x 9½”), but like with the build volume, this 

is an estimation.  

a)

 

b)

 

c)

 

Figure 16 Foot-print dimensions, a) the basic dimension of the printer floor, b) the path-spans of the three arms of the 
Delta robot, and c) compilation of the path-spans and the dimensions of the lower frame of the printer, to illustrate the 
footprint. 
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The positioning of the pillars can distort this foot-print shape. It is actually better to think of 

the foot-print as a circle of the largest diameter that can fit inside the hexagonal shape.  It is 

for this reason that it is possible to print 3D shapes with large overhangs, in comparison to, 

the base dimensions of the shape.  

The End-effector 

 The mass of the end-effector will be less than 150g. The positioning speed of the printer 

will be 800mm/s in each of the 3 directions X, Y, and Z. The printer will have an accuracy of, 

at least, 30 steps/mm in each direction in the centre of the build platform, in fact, nearer to 

the edge the resolution is closer to 300 steps per mm, this is because, at the edges the rods 

that are pushing the carriage are close to horizontal. The resolution depicts the thickness of 

the layer in micrometres. That means that in the centre of the Rostock Mini, the layers could 

be as thin as 330μm, while at the edges, as thin as 33μm. That gives a very high accuracy to 

the 3D print. 

Accuracy  

The steps per revolution: 

    
            

    
    

 
    

          
 

     

                          

The μsteps per revolution indicates the number of steps required by the motor to complete 

one full rev. For use with a 3D printer, the purpose of the μsteps per revolution is to 

heighten the stability of the 3D printer. It provides less oscillation and higher frequency. The 
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Sanguinololu board supports 16μstep per revolution. That means it is capable of coping with 

3200 μsteps per revolution. Hence, this is more than sufficient for the Rostock Mini.  

The length of the smooth rods for the frame of the Rostock Mini is approximately 500mm, 

so the length of the belt loops will be 1000mm long, with teeth at 2.5mm pitch, the pulleys 

will have 32 teeth, will be 6mm wide, and a pitch of 2.5mm.  

Cost 

The Rostock Mini will be a cheap 3D printer solution with less than 200 parts in total and will 

cost less than £350 (or €410), thus, making it a viable and affordable option for domestic 

use.3 

 

  

                                                      

3
 Refer to Written Appendix A-2 for a breakdown of the costs of the Rostock Mini, and BOM 
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Advantages of the Rostock 

The Delta design of the Rostock offers a better solution for 3D printing for a number of 

reasons.  Bizarrely, it is not getting as much credit, or publicity that one might argue it is 

entitled to. 

Firstly, the Delta arm design of the Rostock enables much faster motion in the Z axis. Other 

printer designs are restricted by the fact that the z axis moves along a threaded rod, thus, 

limiting the rapid movement of the end-effector in the Z axis. Some, however, will argue 

that this is unimportant since the Z-axis is only incremented one step at a time. In industry, 

when every second in a build costs money, though, there are merits in being able to move 

easily in the Z-axis. While this 3D printer is merely intended for domestic use, it can be 

tiresome and wasteful if the end-effector cannot travel to its home position rapidly. In the 

case of the Rostock Mini, the home position is at the top of the printer. With the delta arm 

design, the speed of movement in the Z axis is just the same as in the X and Y axes, which 

will allow a quicker speed for the machine overall.   

The Delta arm design enables the extruder to change direction in quick, smooth 

movements. Whereas, in other designs with the typical linear approach, found in the 

Darwin, Mendel and Huxley, when the extruder carriage is changing direction, it is necessary 

to overcome the carriage weight, accelerate the motors to slow the carriage to a stop, 

reverse the direction, and accelerate again. This gives for very jerky movement, and 

therefore, low quality and very low efficiency.  With the Delta designs, found in the Rostock, 

it is possible to complete the change of direction in smooth motion, and cancel out the 

inertia in the movement of the head. The flow of the molten plastic is barely hindered or 

interrupted in this case, as opposed to in Cartesian design 2D printers where the flow of the 

molten plastic requires more careful control when the end-effector is continuously pausing 

(even for very short lengths of time) to implement changes in direction. 
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With Delta design, because of the ease in which the end-effector is allowed to move, it is 

easier to print circular shapes in the Rostock. In a standard 3D printer, that uses the 

Cartesian coordinate system, like in the Darwin or Mendel, or Huxley, the extruder runs on 

two lines perpendicular to other. That means that the motors that drive the timing belts 

have to have varied outputs to achieve a circular motion, and the problem is that, if one of 

the motors has even a very slight backlash, the circular shape will come out skewed. The 

advantage with the delta arm design in the Rostock is that, there is no one motor specifically 

assigned to one axis, so that, for a design with a circular shape, if, there is a backlash in one 

of the motors, a combination of gravity and momentum cancels out the backlash. xvi It is also 

easier to scale parts in every direction with the Delta design, because of the freedom of the 

arms’ movements.  

The Rostock and Rostock mini are both very easily built devices. They have a lower 

component count than the Darwin, Mendel, or Huxley, and, they therefore, take less time to 

build.  

One disadvantage of the Rostock’s Delta design might be that it is trickier to calibrate the 

software and to convert the movements into Gcode. The Cartesian system offers a very 

simple solution to translate the mechanical arrangement of the movements to Gcode. 

However, there are currently a number of firmwares, such as Marlin, now available online 

that should make the task easier and therefore, possible for robotics using Delta design. 

Another disadvantage is that the Rostock mini has a smaller build volume; however, this is a 

minor consideration when striving to build a “mini” 3D printer.  
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Chapter 4: Enabling Technologies  

 

Figure 17 Flowchart illustrating the working technologies within the build of a 3D printer
4
 

Building a 3D printer necessitates the combination of software, electronics, and mechanics, 

see Figure 17 for a simple breakdown of the different technologies behind a 3D printer 

design. This flowchart can be used to visualise how all the components connect and interact 

with each other to make the device work together as a unit. See Figure 18 for a diagram 

illustrating the purposes behind each component.  

This section aims to describe, in more detail, the key features and components of the 

Rostock Mini. 

 

                                                      

4
 Refer to Written Appendix A-3 for Figure 17 
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Figure 18 A model diagram of the Rostock Mini 3D printer  
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Hardware 

 

Figure 19 Rostock Mini 3D Printer [www.reprap.org/wiki/Rostock_mini] 

The pillars are approximately 50cm in height, and consist of M8 steel rod, the steel rods will 

provide rigidity to the frame. Connected to the three pillars are three arms, which are joined 

together in the centre of a triangular formation, to meet the extruder. At the bottom of the 

structure is the plate-bed – upon which the extruder extrudes the molten plastic. The three 

arms are made from carbon tubing, extremely lightweight and yet durable rod) and the 

plate-bed and upper frame are made from Perspex acrylic sheet.  

The idler ends are located at the tops of the pillars, the carriages connect the arms to the 

pillars, and slider bearings LM8UU are used to prolong life and eliminate wear and friction 

between the arms and the pillars. The platform holds the extruder and connects the three 

arms together. The platform is made from the printed material (most likely, ABS) and is very 

light so as not to add weight or restrict movement of the end effector. The motor ends are 

located at the bottom of the Rostock Mini, and they essentially mount the motors. These 

parts, the idler ends, motor ends, platform and carriages will be 3D printed, thus cutting the 

costs of the Rostock Mini. 

http://www.reprap.org/wiki/Rostock_mini
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Electronics 

Sanguinololu Electronics 

The Sanguinololu board is a low cost, all-in-one, solution for Computer Numerical Control 

(CNC) devices. The Sanguinololu board was designed with Reprap in mind, and is based on 

the Arduino boards. Essentially, the Sanguinololu board is a microcontroller that makes the 

electronics of the device more accessible; it allows the user to tweak the rotation speeds in 

the stepper motors. The microcontroller board, in this device, is responsible for ensuring the 

synchronisation of the timing of the coils within the motors. The Sanguinololu board uses an 

ATmega1284 chip which provides 128kB flash memory, 4kB EEPROM, 16kB SRAM, and 32 

general purpose I/O pins in a 40 pin device. The Sanguinololu is connected to the PC with a 

USB port, and is used for the processing of the G-code instructions. The board  controls the 

four stepper motors and monitors and alters the temperature of the hot-end of the 

extruder. As well as that, it is responsible for the end-stops which are important for finding 

the home position for the axes.   

The Sanguinololu board houses four Pololu stepper motor drivers. Pololu stepper motor 

drivers enable the user to control the stepper motors. The motor drivers essentially feed 

pulses of power into the motor. Since the Rostock utilises four stepper motors, the 

Sanguinololu has four Pololu drivers, one motor for each direction in which the extruder 

moves – that is, X, Y and Z, and one motor for the extruder. The Pololu typically sends 1A to 

the motors without requiring a heat-sink, but other drivers such as the Stepstick use more. 

The Pololu also allows for microstepping down to 1/16th step, but again, Stepstick and other 

driver chips differ. Some don’t permit 1/16th microstepping.  

There is an alternative board usable here – RAMPS, but the Sanguinololu will be used for 

this project because it provides the sufficient features for the purpose and is less expensive. 

The Sanguinololu was designed for Reprap, and has all the user needs on the one board, 

while with a RAMPS board, an Arduino motherboard is needed also. The Arduino – RAMPs 
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solution, however, offers other features, such as, permitting the user to connect a second 

extruder, adding an SD reader port, and an LCD screen, etc, the RAMPs have been used for 

Reprap projects quite a lot already, and therefore has been developed much further.  

 

Figure 20 Image of Sanguinololu board. (It has one Pololu driver chip inserted) 

Sanguinololu Board Schematic Diagram5 

 
Figure 21 Schematic diagram of Sanguinololu board [www.reprap.org/wiki/Sanguinololu]

                                                      

5
 Refer to Written Appendix A-4 for Figure 21 

http://www.reprap.org/wiki/Sanguinololu
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Sanguinololu Board Schematic  

In Figure 21, the connections between the different components can be seen. In the 

schematic, the pins connections for the stepper driver chips are outlined, as well as the pins 

connections for the ATMega1284P chip. You can see that an FDTI chip can be installed. You 

are able to connect four motor drivers, one of which, is able to run two motors – this would 

be used in the case of the Mendel printer for example, which requires two x-axis motors. 

There are ports for the ATX and screw terminals, so you can make preferences. The ATX 

terminal would be used for higher current power supplies, which might be used when a 

heat-bed and fan etc. is added to the circuit. There are two ports for the thermistors, and 

there are 4 pin connections for the resistor for the hot-end. There is also an LED port, which 

will go high when there is a 5V power supply input from the USB port. There are additional 

Tx and Rx ports for testing, and the FDTI is an USBTTL converter chip 

Stepper Motors and Drivers 

The stepper motors are responsible for the movement of the arms, via the use of timing 

belts and pulleys.  

The motors used in this device are bipolar stepper motors, known as NEMA (National 

Electrical Manufacturers Association) 17 motors. These motors are often associated with 

the robotics industry. The ‘17’ indicates the size of the motor. The stepper motor drivers 

feed the motors with power pulses and these pulses enable the motors to move through 

measured steps. The bipolar motor is the more powerful motor, with the added advantage 

that the NEMA 17 motor is capable of producing a very high resolution and is very suitable 

for applications that require high precision. The NEMA 17 stepper motor has a holding 

torque of 4.8Kg, and a 1.8° step angle with 5% step error. The NEMA 17 motors used in the 

Rostock Mini have a step angle of 1.8° which allows for high sensitivity, and accuracy, in the 

movement of the arms. It is possible to control the stepper motor through micro-stepping. 
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This changes the phase to make the shaft of the motor to move in smaller steps – 1 step, ½ 

step, ¼ step, 1/8th step, and 1/16th step.  

In order to control the stepper motors, the controller needs to send only one signal for one 

micro-step, this can be achieved through installing jumper pins to the circuit. If a stepper 

motor has a 1.8° (200 step per revolution) step size, 1.8° represents the amount the shaft 

rotates in one step, the driver can allow for higher resolution by allowing intermediate 

steps, by rigging the current supply levels. If it was desired to drive the motor in a ¼ step 

mode for instance, 800microsteps (4 x 200), can be obtained, by using four different current 

levels. The MS1 port has an internal 100kΩ pull down resistor and MS2 has an internal 50kΩ 

pull-down resistor, meaning that if these pins on the Sanguinololu have no jumpers 

connected, i.e, the pins are disconnected, the motor will drive in full-step mode. 

These stepper motors still use current even when they are at a standstill, this is obviously 

very useful for this application, but also, it is important to remember this, because it is 

important to consider the potentiometer on the Pololu stepper driver chip that can be used 

for determining the amount of current sent through to the motor, and improving efficiency. 

Consider the current to be 0.7 x its rated current. For the NEMA 17 motors this is just a little 

less than 1A, multiplied by 0.7 gives 1.68A. This value is the maximum current that can be 

output to the Pololu stepper driver chips without requiring the heat-sink. 

It is necessary to know the current at the V    testing point.  

The peak current   
    

      
 where    is the resistance (Ω) and V    is the input voltage for 

the ref pin (V). 

On the Pololu board the    value is found to be 0.05Ω and the V    is the point outlined in 

Figure 22 Image of the Pololu stepper driver Figure 22, with the red circle: 
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Figure 22 Image of the Pololu stepper driver chip 

 , therefore, is the recommended current limit for the motor multiplied by 0.7.  

              

       

With this information, it is important to adjust the potentiometer, (Figure 22, blue circle), so 

that the V    in the chip measures at the same V    value found according to the 

calculation.  

The End-stops 

 

Figure 23 End-stop connector switch 

To ensure accuracy for the build, it is important to have a home position to measure your 

movements from. The end-stop provides this homing position. The position of the end-stop 
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is considered to be 0, and is the position in which the axes can’t move beyond. In the 

Rostock Mini these end-stops are located at the top of the triangular prism frame. The arms 

won’t be able to travel any higher than these axes, or indeed, travel to a negative position. 

One end-stop is installed for each axis. Mechanical end-stops will be used, as they offer a 

simpler cheaper solution than the alternative; optical-end stops. 

In the end-stops there are three pins, Normally Closed (NC), Normally Open (NO) and 

Common (C). The NC and NO pins are set to ground, and the C pin is wired to the SIG port 

on the controller. When the button is triggered the end-stop will send a signal to the 

controller to let it know that that axis has reached its home position. 

The Extruder 

The printer requires a tool-head that extrudes the molten plastic. In CNC machinery, the 

extended arm of the machine is a milling tool. This printer, will, effectively, have the same 

set-up as a CNC machine would, but instead, possesses an extruder instead of a cutter. That 

means, the commands for this device will be similar to the commands sent to a CNC 

machine. This too, will be driven by the Pololu motor drivers. This will be discussed further 

in chapters 5 and 6. 

Software 

For the Rostock Mini, software is needed primarily to convert 3D drawings to gcode, but 

also, to drive the Sanguinololu and driver boards. A boot-loader and firmware is required for 

the Sanguinololu.  
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Figure 24 Stream of controlling technologies 

 

Bootloader 

The purpose of the bootloader is to allow the firmware to be sent via serial ports. The 

bootloader used for the ATmega 1284 microcontroller is called the Azteeg X1. Bootloaders 

are the instructions in a computer that set that unit up to be used, it is needed before 

anything can be done with the unit. It is what allows you to install the firmware onto the 

microprocessor. 

Firmware 

The firmware is responsible for making the printer move according to the G-code 

commands. The firmware will be able to calculate the distances each axis is allowed to move 

in order to reach the desired position. It is installed on the ATMega1284P microprocessor. It 

is what processes the G-code instructions coming from the PC, and permits the arms to 
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move from one point to another. It also restricts the arms from crashing into its own unit, if 

used correctly. 

The firmware used in Reprap machines includes Sprinter, Marlin and Teacup. The Arduino 

package is used for writing the code to the ATMega chip, in the case of the Rostock Mini, 

Arduino will be used to upload the ‘Marlin-deltabot’ firmware.  

a) 

 

b)

 

c)  

 

Figure 25 a) Image of Arduino interface, b) board selection, c) Marlin configuration files opened in Arduino software 

Host software 

The host software allows communication to the printer electronics before and during the 

print jobs. It allows the user to upload an .STL file and convert it to Gcode to control the 

printer with. Pronterface is a simple GUI (Graphical User Interface) software that permits 

the user to input G-code instructions to the controller. Cura or Slic3r are more intelligent 

host softwares that will take input 3D drawings (.stl files) and will geometrically breakdown 

the file into layers which are then converted into a series of paths in which the tool-head 

should move. This information is sent to the controller, via the firmware which will control 

the movement of the printer.  
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Figure 26 Image of Pronter Interface 

 

Figure 27 Image of Cura Interface 

Replication Material 

Various thermoplastic materials can be used for the FDM/FFF 3D printer, examples include 

ABS, PLA, and HDPE.  

PLA has a melting temperature of 173-178 °C and a tensile modulus of 2.7-16 GPa. Also, PLA 

can withstand temperatures of 110°C.xvii PLA comes from a renewable resource, that is, 

corn, and is modified for use in injection moulding, thermoforming, and sheet extrusion. 

PLA holds it shape after it is formed, and is ideal for packaging. It can take 15 months for PLA 

to start decomposing.xviii PLA is useful for its high stiffness, and minimal warping, and it also 
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possesses an attractive translucent colour. It also has the advantage of being bio-degradable 

and derived from plants. PLA – polylactic acid has a melting point of 173-178°Cxix, and HDPE 

– high density polyethylene is a thermoplastic made from petroleum and has a melting 

temperature of 130°Cxx. 

ABS is an amorphous substance and therefore, has no official melting point and is made 

from petroleum. 275°C is the accepted melting temperature for the purpose of 3D printing. 

It is a very flexible and tough plastic. ABS is also more likely to warp than PLA, and a heat-

bed will be required if ABS is used xxi ABS – Acrylonitrile Butadiene Styrene is a common 

thermoplastic. It is amorphous and has no official melting pointxxii, but it has a useful 

working temperature range of -20 to 80°C. 

Reprap enthusiasts are encouraged to publish any results found from experimenting with 

printing materials, there are extensive resulting information resources available online. 

Other “Reprappers” have developed “RecycleBots” for converting waste plastics, such as 

milk jugs and shampoo containers into cheap Reprap filament.xxiii/xxiv   
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Integration of the enabling technologies 

 

Figure 28 Diagram illustrating the integration of the enabling technologies. 
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Commissioning (Software) 

After uploading the boot-loader, the next step is to install the Arduino software, and 

download a version of the Marlin code relevant to the type of printer. The configuration 

files in the Marlin package can be amended to suit the measurements of the specific printer. 

It is possible to change the settings, such as, the lengths of the arms, the height of the 

printer, the feed-rate of the extruder, the desired steps per mm, etc. After selecting the 

correct COM port, and the correct board data (Sanguino with 16MHz), it is then possible to 

upload the firmware to the ATMega chip. The files for the Sanguinololu have to be found 

online, it depends on which version of the Arduino package has been downloaded, and 

which board information is supported. The Sanguino is not an Arduino board, but it is based 

on the Arduino. 

After downloading all the software and uploading the relevant boot-loader and firmware for 

the controller, it is necessary to set parameters such as the correct baud-rate, and COM 

port. 

Once the Pronterface software is connected to the board it is possible to send G-commands 

to the printer and test the movement of the arms and the extrusion of the molten plastic. 

The next step is using the host software to upload .stl files and generate tool-paths for the 

controller. Cura or Slic3r are examples of software that will do this. 
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Calibration 

It is important to calibrate the printer in order to ensure that the motors increment at the 

correct rate, and cause the arms to move the correct distances each time they move. If you 

skip this step, it is probable that any printed parts by the unit will be lop-sided or skewed.  

To define the correct number of steps per mm; 

                     

                       
 

For example, with the Rostock Mini; 

    (
 
  )

  

      
 

-would give a value of 40 steps per mm. 

To define the correct steps per mm for the filament feed gear motor; 

                     

                 
 

For example, with the Rostock Mini; 

    (
 
  )

  

       
 

- would give a value of 96.5 steps per mm. 
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These values should provide estimate values, and are easily updated and amended in the 

Marlin firmware.6 

 

Listing 1 Default axis steps per unit 

For DEFAULT_AXIS_STEPS_PER_UNIT, these are default values, and are not always correct 

due to other parameters, in the code or to do with the jumper pins and microstepping 

capabilities of the stepper drivers, etc., however, on testing the movement of the arms of 

the robot, you can calculate the actual distance travelled, if it is not the same amount as the 

desired distance travelled, divide the desired value by the actual value, and multiply by the 

default value. For example; for the extruder, it was found that telling the extruder to feed 

the filament 1mm, it actually fed 2mm, this can be corrected by calculating: 

   

   
     

    

Thus, the code should be amended to: 

 

Listing 2 Default axis steps per unit amended 

The same can be done for the other values. 

                                                      

6
 Refer to Written Appendix A-__ for extracts of amended Marlin software. 
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Chapter 5 – Extruder Information  

The Extruder  

The extruder is the crucial part of the 3D printer. It takes a filament input from above, and 

passes it through a heated channel, and squeezes it out through a nozzle. The stream of 

melted plastic is inserted onto the surface in layers and hardens as soon as it rests on the 

surface, then, the height of the extruder is incremented and another layer is set on top of 

the previous layer.  

The extruder needs to be strong enough to pull the plastic through and feed it through the 

other end, at the nozzle. It needs to be able to withstand high temperatures, and easy to 

control precisely. It is also vitally important that it is possible to reload it, if, or when, it has 

been interrupted mid-build, and, it needs to be reliable.  

When the extruder completes a layer or a line and needs to stop and move to another 

location, the extruder actually needs to stop projecting molten plastic, retract the plastic a 

small amount, and then, move and recommence projecting. For this reason, the extruder 

needs to be able to decelerate quickly and sufficiently and reaccelerate quickly again.  

The extruder should be made with as few parts as possible – especially to keep in with the 

Reprap ethos. If some of the parts of the extruder can be 3D printed, this would be ideal.    

The type of plastic used will be PLA (Polylactic Acid) or ABS (Acrylonitrile butadiene styrene). 

Both materials can be bought in 1.75mm or 3mm diameter. 1.75mm PLA was chosen for this 

project because it was the cheaper option, it has a lower melting point, and does not need a 

heated-bed.  
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Background Information on Extruders 

Extrusion is the process, in which, the material is pushed through a hole or die, and an 

object of desired cross-section is formed. Via extrusion, it is possible to create complex 

cross-sections. Extrusion is, generally, a continuous or semi-continuous process. Various hot 

and cold materials can be extruded. In 3D printing, the extrusion process is semi-continuous, 

as one layer is produced and the extrusion is temporarily stopped until the extruder is 

repositioned, and begins the process again.  

An extruder consists of a cold end and a hot end. The hot end is where the filament is 

heated and melted. The hot end can reach temperatures of approximately 240°C. The hot 

end specifically refers to the part that is the tip of the extruder, this is the hottest part of the 

overall device, and where the melted plastic comes out. The cold end, then, is made from 

thermoplastics and it therefore, needs to be kept cool or these thermoplastic components 

will melt.  It is here that the plastic is pushed by the gears.  

In recent 3D printing extruder designs, the hot end and the cold end are separated. The 

reason for the separation is to keep the platform light, and therefore easier and quicker 

moving.  

The extruder that is based on the Bowden extruder – that is, where the hot end and cold 

end are separated, with a cable from the cold end(where the filament is pushed) to the hot 

end(where the filament is melted), is becoming commonly used in Reprap. Several 

modifications and iterations of the original design are continuously being added to the 

Reprap database. The main advantage behind separating the two ends is that, the use of a 

cable between the two, allows for a significant reduction in the moving mass of the 

extruder. This, in turn, allows for faster controlled motion, less jerking of the machine unit, 

more energy efficiency, and effectively, a faster print rate. In other cases, the mechanism 

that feeds the filament to the hot end is placed on top of the extruder. This makes it 

heavier, and therefore creates issues with the overall balance of the machine, and creates 
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oscillations, thus, giving a much rougher finish to your 3D printed part. The Bowden design 

instead, places the filament drive mechanism in a different area of the machine – for 

example – beneath the frame of the printer, the filament is then pushed through a tube. 

PTFE is often used here, because of its slippery texture, and therefore, its low friction 

coefficient, which means much less wear and energy loss. And the hot end is connected to 

the other end of this cable.  

The lighter the extruder – the quicker and easier it is, to move the tool-head. This is 

important for when the extruder is repositioning, but isn’t actually extruding. Because the 

extruder is lighter, less current is required to run the motors. It reduces the amount of 

“stringing” when the device is not extruding. This is due to the fact that the weight is not 

directly on top of the hot-end channel, therefore isn’t applying pressure on the molten 

plastic when it shouldn’t. The device is able to move quicker in each direction because of 

the lighter mass of the moving part, overall it makes for a smaller, simpler printer.  

Another advantage behind this idea, is that, motion can be sped up thanks to the possibility 

of using a more complex gearing system, which, would, in turn, mean that more plastic can 

be driven through at a more efficient, quicker rate, thus, providing a faster print rate.  

Furthermore, printing becomes more reliable because, if an extruder’s nozzle orifice is 

jammed – even only for a short moment (by coming into contact with the building part it 

sticks and therefore strips the filament by moving further in its path),– the extruder may not 

recover in this case, because the grip on the part is lost, thus, causing failure in the build. 

With the Bowden extruder design that involves this cable system, the extruder is able to 

recover, because of the lesser impact of gravity acting on the plastic. 

Hysteresis; that is, the retardation effect when the forces acting on a body are changed, is a 

problem in this type of extruder cabling system. What happens in every extruder is the 

plastic filament is compressed. With the cable system this means that over a long length of 

filament there is applied pressure. This multiplies the effects of the compression 
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experienced, and creates springiness in the filament. The fact that the cable is made from 

PTFE – a flexible material – heightens the problem.  

Lengthy calibration of an encoder installed just above the hot end might potentially control 

the problem, but this can be time consuming. Alternatively, a stepper-motor based extruder 

is used.  

Hot end designs 

The hot end is the part of the extruder that heats and melts the material being extruded. 

Usually metal, and has a resistor that heats up and melts the plastic, and a thermistor that is 

used for measuring the temperature of the metal casing. The electronics in the 3D printer is 

responsible for monitoring the temperature via the thermistor, and thus, lowering and 

raising the temperature accordingly, by varying the amount of current running through the 

resistor. 

The J-head nozzle 

 

Figure 29 An example of a J-head nozzle 
[www.reprap.org/wiki/J_Head_Nozzle] 

 

Figure 30 A newer version of the J-head nozzle 
[www.reprap.org/wiki/J_Head_Nozzle] 

The J-head nozzle consists of PEEK plastic tubing, a brass head, a thermistor, and a resistor. 

This hot end was designed with the intention of reducing the number of custom parts to a 

http://www.reprap.org/wiki/J_Head_Nozzle
http://www.reprap.org/wiki/J_Head_Nozzle
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bare minimum, thus minimizing the costs, and increasing ease of assembly. This design has a 

PTFE liner and it acts as a seal between the PEEK insulator and the brass nozzle. By 

separating the filament from the joint between the PEEK and the brass, it is hoped that no 

leakage occurs here. The resistor in this design runs perpendicular, as opposed to parallel to 

the filament flow. This allows for a shorter nozzle length, and ease of assembly, whilst 

keeping the component count low.  

It is a design that works, and is simple with a low component count, the PTFE is easily 

replaced, and the PTFE does not weaken due to stress, thus, leading to lower failure rate. 

The resistor is the heater, and thus, there is no need for Ni-chrome wire or a heater core. It 

is also beneficial because there is no thermal junction where a separate heater is screwed 

on to the nozzle. This is a very light design, which therefore, optimises speed. The only 

drawback for this design is that quite a few machining processes are required. 

There are several versions of this hot end on the Reprap forum. There is also a mini J-head 

nozzle version for 1.75mm filament, for a more compact, simple and lighter solution. 

 

Figure 31 Mini J-head Nozzle [www.reprap.org/wiki/Mini_J_Head_Nozzle] 

  

http://www.reprap.org/wiki/Mini_J_Head_Nozzle
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The Budaschnozzle 

 

Figure 32 Budaschnozzle [www.reprap.org/wiki/LulzBot/Budaschnozzle] 

The Budaschnozzle is a high performance hot end. It can be bought assembled, or 

unassembled, depending on preference. It also uses a PEEK insulator with a PTFE sleeve and 

a machined aluminium nozzle. And can be used with 3mm and 1.75mm filament. Mounting 

onto the 3D printer is very easy; it is just a case of lining up holes and attaching.  

Cold-end Designs 

The cold-end is the part of the extruder that feeds the filament through to the heated 

channel. It requires a motor, and a gear. Depending on the rotation and the strength of the 

motor and gear you have your feed. 

One such example of a cold-end is the Bowden Airtripper design. It has since been modified 

a number of times, but keeping within the original design concept.  

 

http://www.reprap.org/wiki/LulzBot/Budaschnozzle
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The Bowden Airtripper 

 

Figure 33 An image of Bowden's Airtripper filament feed motor [http://www.thingiverse.com/thing:35404] 

The Bowden extruder consists of a motor, a hob gear, two bearings and a spring, as well as a 

few parts, of which are available on the thingiverse website for download for 3D printing. 

The filament is fed through a small passage on one side and the gear pushes it through to 

the other end. The smaller bearing is used to prolong the life of the extruder, keeping 

friction to a minimum. The larger bearing is pressed into the hob gear with the help of the 

compressed spring, forcing the filament into contact with the hob gear. The hob gear 

rotates in accordance to the instructions fed from the controller. The diesel hosing provides 

a spring for the screws that keep the bearing squeezed against the hob-gear. This extruder is 

attached to the PTFE tubing, and the filament is fed through this tube.  

 

http://www.thingiverse.com/thing:35404
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Wade’s geared extruder and Greg’s hinged extruder 

 

Figure 34 An image of Wade's geared extruder 
[www.reprap.org/wiki/Wades_extruder] 

 

Figure 35 An image of Greg's hinged extruder 
[www.reprap.org/wiki/Gregs_extruder] 

Wade’s geared extruder and Greg’s hinged extruder are both very simple, and similar to the 

Airtripper, the filament is fed between the two gears, the gears move in accordance to 

instruction fed from the controller. Greg’s design differs and is so called because of a hinge 

mechanism for assembling the extruder to the printer. These extruders were not designed 

originally to be separated from the hot-end, these are actually supposed to sit directly on 

top of the hot-end. 

Dual Extruder 

Given the dimensions of the Rostock Mini, combined with the Bowden Airtripper filament 

feed gear, and combined with the small lightweight hot-end on the large platform, the 

Rostock Mini would be ideal for adding a second extruder. It would be simple for 

implementation, coupled with a good board choice, such as the RAMPs board, it would not 

be difficult to connect another resistor, and thermistor. The Marlin firmware permits the 

use of more than one hot-end and even a heat-bed. The two hot-ends could be mounted 

side by side on the platform, and because of the small dimensions, the offset between the 

two nozzles would be kept at a minimum, therefore, the build volume would not be 

decreased greatly. Unlike with a Mendel printer, for instance, where there is no easy means 

of mounting two hot-ends side by side, they take up too much space, and add weight to the 

http://www.reprap.org/wiki/Wades_extruder
http://www.reprap.org/wiki/Gregs_extruder
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moving parts of the overall unit. If not using Bowden’s cable system then, it is definitely not 

a suitable idea for the 3D printer. The Sanguinololu does not feature for a dual extruder 

design, but the RAMPs board does.  

If using two extruders, the possibilities are to use one hot-end as the primary filament 

extruder, while using the other as a support filament extruder – this would be used for 

filling hollow areas, or for providing support for overhang areas, and can be scraped or 

picked off, or, to have two colours, this would be ideal depending on the application.  
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Chapter 6 – Extruder Design  

Extruder Decisions  

For the Rostock Mini, the decision for the extruder was made in favour of the Bowden’s 

Aritripper Cold-end and a hot-end design similar to the J-head nozzle. 

The Hot-end Design7  

The hot-end design for this project is very simple and is based on the J-head nozzle. It 

contains a heater block, a PEEK block, a brass nozzle, a PEEK insulator and a PTFE sleeve with 

an M4 brass nut. It also has a resistor running perpendicular to the filament flow and a 

thermistor for monitoring the temperature.  

A PTFE of outer diameter 4mm and inner diameter 2mm will line the inside of the PEEK 

insulation sleeve. The insulation sleeve is of 8mm outer diameter and 4mm inner diameter 

bore, the 30mm sleeve length is machined at one end to make a 6mm diameter to fit snugly 

into the entry end of the brass nozzle. At the entry end the brass nozzle has an outer 

diameter of 8mm and inner diameter of 6mm. The nozzle is has a counter bored inner 

diameter, the smaller diameter is 4mm. The PEEK insulation sleeve fits into the top end of 

the nozzle, and creates a flush 4mm diameter channel, in which the PTFE sleeve (4mm outer 

diameter, 2mm inner diameter) fits. The filament of 1.5 mm diameter fits through this 2mm 

diameter chamber and travels through the nozzle. This nozzle is fit with a PEEK mount block 

and a brass heat block. The purpose of the heat block is to provide a means of heating the 

nozzle and therefore, the filament. This is achieved by attaching a resistor, and as current is 

applied to the resistor, heat is dissipated directly to the heat block. This hot-end design was 

initially designed without the Bowden cable system in mind. It is necessary, then, to amend 

the design to fit to a PTFE tube length, rather than to simply clip onto the filament feed part. 

                                                      

7
 Refer to Written Appendix A-5 for hot-end drawings 
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Figure 36 The hot-end extruder, finished and assembled 

Amending the hot-end design; drill a 3mm hole into the nozzle, file a groove into the PEEK 

block, and insert M3 screw to tighten the PEEK sleeve. This should ensure that the PEEK 

sleeve does not get pushed apart from the brass nozzle, causing failure. 

The heat power dissipated from a 6.8 Ω resistor, with a 12 volt power supply, can be 

calculated; 

  
 

 
  

  
  

   
          

          

                

Where  = current in Amps,  = voltage in volts, and  =resistance in ohms.  

This means the resistor outputs 21.24W of heat power, and so the rise in the temperature 

of the brass block can be calculated, using the specific heat capacity equation;  
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      (
  

   
)
  

                                                     

Where   = specific heat capacity in joules per kg by kelvin,    = heat required for temperature 

change in joules,    = change in temperature, and   = mass in kg. 

Thus, the resistor has more than enough power to heat 1kg of brass, by 269°C, in a minute. 

The thermistor is read by the electronics, and depending on how much heat runs through 

the thermistor, the reading in the electronics varies. Using this information, the electronics 

are able to determine if more or less current running to the resistor is required, and alters 

the flow of electricity, accordingly. This heat that is dissipated, to the nozzle, heats the 

nozzle, and therefore, the filament. Older hot-end designs incorporate Ni-chrome wire into 

the design, thus, using a similar concept to that of the resistor, however, the resistor is more 

readily available, and is easier to assemble and implement. Ni-chrome wire is more difficult 

to source, breaks or kinks easily and is difficult to apply and make connections. It is also too 

easy to short the circuit when using Ni-chrome wire. With resistors, the chances of failure 

are slim, as long as the user keeps within the boundaries set and doesn’t apply too much 

current to the resistor. The exchange of information is illustrated in Figure 37. 
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Figure 37 Filament flow through a heated nozzle 
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Chapter 7 – CNC language  

In automation in general, it is possible to speak to the machine via a programming language. 

With CNC machinery, this programming language is called G programming language, or G-

code. Essentially, the G-code tells the machine tools what to do, taking into consideration 

parameters such as feed-rate and motion and vectors. Siemens and Fanuc are well-known 

standards in the G programming language controls. G-codes are so called because often 

instructions are prefixed by the letter G. An example of a typical action that would be 

expressed to the machine is “Rapid move”, which is an instruction that will tell the machine 

tool to travel to a point where it is needed for milling, and it will make the machine tool do 

this as quickly as possible.  

In CNC milling CAE (Computer Aided Engineering) software, the software works by importing 

a 3D shape, slicing it into thin horizontal layers, and generating tool-paths for the tool-head 

to follow. Upon following the tool-path, the tool-head cuts or mills around or inside a 

desired shape, this is a removal process. Instructions will tell the tool to increase or 

decrease the feed-rate of the tool-head, to rotate in clockwise or anti-clockwise direction, 

move in arcs, dwell, go home, and move in the x, y and z axes. 

In 3D printing, the process is an additive process, but the concept is still similar. Both in 3D 

printing and CNC milling, there are tool-paths in which the tool-head will follow, and 

information is sent to the machine tool, to alter positioning in x, y and z, etc. In 3D printing 

the instructions would differ specific to the tool-head type, for example, instructions might 

be to increase the feed-rate of filament, or to raise or lower the temperature of the hot-

end.  

The individual instructions are called G-code instructions. An example of what a section of 

G-code looks like can be seen in Figure 38. 
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G1 X5 Y-5 Z6 F3300.0 (Move to position [x,y,z], = [5, -5, 6] at speed 3300.0 rpm) 

G92 X0 Y0 Z0 (set current position to [x,y,z], = [0]) 

Figure 38 Example of G-code and comments explaining their meaning
8
 

3D Printing Software9 

In computers, each 3D shape is a collection of points, joined together. In typical 3D printers, 

when a 3D shape is imported to 3D printing software, the software will take a number of co-

ordinates from this shape, then, it will convert these co-ordinates into Cartesian form. It is 

from these Cartesian co-ordinates that the software is able to generate tool-paths for the 

3D printer. By slicing the 3D shape into thin horizontal layers, the software is able to 

generate G-code instructions for the whole shape. Then, to the electronics board, via a USB 

port, the software is able to feed information to the printer in the form of a series of 

commands, sending the tool-head from one point to the next.   

Each point in one of these 3D shapes can be represented by a vector. It is the job of the 

firmware to calculate the distance between this point and the next, in  ,   and  . The 

differences, once calculated, are converted to the form of G-code, for example, x5, y-5, z10 

would mean that the tool-head is required to move 5 increments in the direction of  , 5 

decrements in  the direction of  , and 10 increments in the direction of  .  

  

                                                      

8
 Refer to Written Appendix A-6 for a list of G-commands 

9
 Refer to Digital Appendix B for an example of G-code generated by CURA software 
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Chapter 8 – Translation 

Cartesian Systems and Translation 

As explained earlier in Chapter 7, in a regular 3D printer, the transformations of the point 

vectors to Gcode are pretty straightforward. The instruction that will move a point 3 units in 

 , 4 in  , and -2 in   is simple to understand. When given this command, the firmware will 

instruct the motors for each axis to rotate, according to, the number of increments or 

decrements required. So, like in the Mendel, or in any Cartesian 3D printer, the motor will 

rotate whatever number of degrees, to move the pulley in its respective axis, and the tool-

head will be pulled one direction, or the other. As seen in a Reprapper’s 3D printer, Figure 

39, the motor is attached to the pulley and is responsible for manoeuvring the tool-head. 

 

Figure 39 Image of a stepper motor and pulley in motion [www.forums.reprap.org/read.php?152,149287,149287] 

With the Delta design, it is not as simple. Any movement by just one motor, in the Delta 

design, affects the movement of the tool-head in all three axes, causing a trade-off between 

axes. It is important, therefore, to explore the calculations behind the delta design, in order 

to understand the device better, and the function of the Marlin firmware.  

The motor rotates the pulley, 

which pulls the timing belt in 

the desired direction, as per 

the G-code instruction 

http://www.forums.reprap.org/read.php?152,149287,149287
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Moving the timing belt on 
the right-most post, pulls the 
right-most carriage… 

 
…this in turn, pulls the right-
most arms up, and the tool-
head/end effector moves 
towards the right.. 

 
…which actually moves the 
end-effector in various 
directions; in all axes, the 
end effector has moved.  

Table 2 Movement of one axis, and the resulting effect on the other axes 

 

Figure 40 Side-on view of Rostock printer illustrating the trade-off between axes as the carriages are moved up and 
down along the pillars 

Observing Figure 40, it can be seen, that, the arrangement of the delta arms, depict, the 

relationship between the red-lines and the position of the Delta end-effector. Pythagoras’ 

theorem can be used in conjunction with the known fixed values to calculate the distances 

between 1 and 2. Using these results, then, it is possible, to determine, the distances the 

carriages need to move up and down along the pillars, to reach the desired position.  
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Delta Systems and Translation 

In this Delta robot design, if it is desired to move the tool-head to a certain point, position 

(        ), it is necessary to calculate the new position of the 3 carriages. For this, there are 

a number of interpretations, or explanations, two are written in this report, but they both 

amount to the same results: 

Call the three pillars or posts, A, B and C.  

 

Figure 41 Top down view of the Rostock mini 

From Figure 41 it can be seen, that, the position of pillar A is 120° from pillar B and pillar C. 

Now, the positions of the three pillars, A, B and C are denoted as: 

   [           ];    [           ];    [           ] 

The arm lengths are all fixed, and the carriages are only able to move up and down, 

therefore, the x and y co-ordinates are fixed. This means that the positions of the carriages 

can be calculated by trigonometric equations. First, the positions of the other ends of the 

arms should be calculated. These are like pivot points. Consider them to be:  

   [           ];    [           ];    [           ] 
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Figure 42 Top down view of tool-head 

Pivot A Pivot B Pivot C 

                                                 

                                              

                              

Table 3 Summary of equations for determining the locations of the pivot points 

Where,    = tool offset and    = pivot offset.  

Next, calculate the distance in the x-y plane from pivot to carriage, this can be used to 

determine the height of the carriage in relation to the pivot points.  
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Figure 43 Simple side view of pillar, and end effector of a Delta robotic arm 

The carriage positions are fixed in x and y, since the carriages can only move up and down 

along the pillar. Where    is the pillar position; 

Carriage A Carriage B Carriage C 

                                        

                                        

                                    

Table 4 Summary of equations for determining the carriage positions in x and y, and z 

Therefore the x-y plane distance between pivot and pillar is  

   √                      

    √                       

    √                      

The height of the carriage in relation to the pivot can be calculated: 

   √       ;    √       ;    √        
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So then, finally, to calculate the height of the carriage in relation to the printer floor; 

            ;             ;              

Essentially, the Marlin firmware is capable of converting the G-code commands, which is 

usually suited to Cartesian conversions, into the required information for moving the axes. 

This information provides the algorithms for moving the tool-head correctly in the Delta 

design robot. There is a later version of the Marlin software available, suited for the Delta 

robot, called, “Marlin – Deltabot”. So, the Pronterface software tells the Marlin what to do 

via a PC USB cable, Marlin translates the G-code commands sent from Pronterface into 

instructions for the pololu stepper drivers. The Pololus, in turn, control the move the rotor 

of the motor, which pushes or pulls the belt, and therefore the carriage up and down.  
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Alternative Explanation 

Here is an alternative explanation for the Delta system: 

 

Figure 44 Model of Rostock Mini 

If you were to label the Rostock Mini like in Figure 44: 

The current values for X Y and Z (and y1, y2, y3) are fixed values. 

              

(                    )
 

Get a G-code command:  

               (This command is usually in mm) 
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Figure 45 Top-down view 

x1 = horizontal displacement from pillar 1   (Z1 is fixed) 

 

    √        

 

Figure 46 Side view of Rostock Mini 

Rearranging Pythagoras theorem to get     

    √  
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It is possible to obtain the angle between    and     

       (
  

  
) 

To find the value of    use the cosine rule 

                    

 

    √  
              

    √  
    

  

To find   ; 

    √  
                    

    √  
    

  

  ,   ,   , y1,   ,    obtained; Then, to find the Y1, Y2, Y3 values, by repeating the 

process with the original position.  

Subtract the  

                                                 

The differences between these   values represent the amount the motors then need 

to move in order to reach the desired position. The sign of the difference indicates in 

which direction the motors need to move. 
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Marlin Deltabot Code Implementation 

 

Listing 3 Delta segments per second 

In a Delta robot, it is required to split curves into several lines, or segments, due to the 

rotational axes in the design. In Listing 1 the Delta segments per second 200 means that a 

curve will be split into 200 segments, per mm. 

 

Listing 4 Definitions of lengths of arms and offsets related to the trigonometric equations needed later. 

The Marlin firmware needs to know the lengths of the arms, and the offset of the middle of 

the printer bed to the carriage, the offset of the u-joints to the end-effector, and the offset 

of the u-joints to the carriage in order to make the calculations. 

 

Listing 5 Length of the opposite angle in the trigonometric equations 

For the trigonometric equations it is necessary to know the lengths of the sides in the right 

angle triangle;               this represents the values of        and   , as in 

Figure 44. The value       represents the hypotenuse, or the        and    values as in 

Figure 44. These are the fixed values referred to in:  
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(                    )
 

 

Figure 47 Values are determined for the trigonometric equations, 105mm is the length opposite the angle, and 191mm is 
the length of the hypotenuse 

Sin60° and Cos60° are defined, and then the equations are summarized to  

                ;                   

              ;                   

             

 

Listing 6 Delta equations implemented into the firmware code 
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These equations are vectors for the positions of the arms in relation to the back middle 

tower, or in pillar 1, as in the explanation in Delta Systems and Translation. 

 

Listing 7 Pythagoras equations determining the lengths of the sides in the right angle triangle. 

The equations in Listing 7 are Pythagoras theorem questions for calculating the values of 

      and     the lengths of the adjacent side as in Figure 44 Model of Rostock , after 

calculating these   values, the next step is to calculate the differences between the desired 

  values and the current   values.  

 

Listing 8 Code for scanning the current Y values mentioned above. 
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Listing 9 The code calculates the difference between the two sets of Y values and implements the changes required in 
each pillar. This is scaled by the microstepping values also. 

 

Listing 10 Parameters settings
10

 

The above parameters affect the performance of the Rostock Mini, code is set in place to 

ensure the arms aren’t twisted or pulled, or crash into their own pillars, and stop when they 

hit the end-stops or the bottom of the printer. 

                                                      

10
 Listings 3 to 10 are all extracted from files ‘Configuration.h’, ‘Configuration_adv.h’ and ‘Marlin_main.cpe’, 

and can be referred to in Digital Appendix B. 



Rostock Mini 3D Printer  2013

 

 76  Ríona Corrigan 
 B00439354 

 

Chapter 9 – Final performance of the Rostock 

Problems Encountered and Solutions 

Board Assembly 

After soldering, check that the board is able to receive commands. It is possible to use the 

Arduino serial port monitor, or alternatively, another serial port programme “HTerm” to 

achieve this. 

For the Sanguinololu board, it was not possible to get a response from the board after 

transmitting information. The files would compile, but upon uploading, there was always an 

error claiming that the programme could not locate the avrdude.conf file. This led to tests to 

check if the ATMega chip was working, a logic-probe was used to determine that the voltage 

was correct between the pins. According to the values determined with the multi-meter, the 

connections were not always correct within the ATMega chip. Checking the Tx and Rx 

connection ports on the Sanguinololu board confirmed that the FDTI chip was working (this 

was done simply by shorting the two ports). It was found that the HTerm software was 

working, and the user was following the correct procedure on terms of the actual use of the 

software.  

Forums suggested that the error arose when the avrdude.conf file was located in the wrong 

folder. Others suggested that poor connections within the board caused the said error. 

Others again, suggested that changing the version of the Arduino software would solve the 

issue. Several versions were downloaded and tested, however, even after reallocating the 

avrdude.conf files the board still failed to connect. 

An alternative to the Sanguinololu; the RAMPs board was tested with an Arduino MEGA 

2560 board as a motherboard. After the assembly of the RAMPs board was complete, it was 

possible to test the Arduino MEGA 2560 board to the PC, the RAMPs board proved to be 

much easier to use. This was further confirmed by uploading a programme that would make 
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the LED light blink on and off for lengths of time, this visual test meant that it was very easy 

to determine that the programme was modified and successfully uploaded to the board. It 

was then decided to discard the Sanguinololu board and to continue progression of the 

project with the RAMPs board instead. Another Sanguinololu board was ordered in the 

meantime, in the hopes of finding the reason behind the failure of the original Sanguinololu 

board.  

The RAMPs board worked with the Marlin software and it was possible to gain results by the 

initial tests of checking its responses on the serial port; which are displayed in Figure 48. 

a)  

On automatic (start-up of the serial monitor 

software) reset 

b)  

After manual reset (reset button press) 
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c)  

Sending instruction “m105” (generates an 

“ok” meaning the command does nothing) 

d)  

Sending instruction “M105”, retrieves 

information on the status of the printer 

Figure 48 Responses from the Arduino software confirming that the Arduino MEGA 2560 board is communicating 
correctly with the PC. 

The next step was to confirm that the board was able to connect to the Pronter Interface 

software: 

a)  

Printer is connected to the board 
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b)  

Printer responds to random input from the user 

Figure 49 Response from the Pronter software, confirms connection with board 

The new Sanguinololu board worked without any problems, confirming that the original 

Sanguinololu board must have had a fault, most likely, within the solder joints. 

With the Pronterface software it is possible to test the movement of the axis motors and 

the extruder motor. The Pronterface software outputs an error if it cannot detect a 

thermistor, for the hot-end. This error output was manually over-ridden in the Marlin 

configuration.h file for the purpose of testing the axis motors. 

 

Listing 11 Over-riding the Temperature sensors in the Marlin Firmware 

Motor and Driver Testing 

A 12 volt, 4 amp power supply is connected to the screw terminal port of the 

Sanguinololu/RAMPs board, the Sanguinololu is actually capable of coping with higher 

voltage, but with similar amp rating. The board is connected via USB port to the PC. The user 
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is able to input G-commands to the printer. It is advised to test the Pololu drivers one-by-

one with each motor. It is important to ensure the potentiometers are set to approximately 

25% before applying power. Too much current will cause the Pololu chip to cut-out and it is 

advised to use heat-sinks. The motors should run smoothly. Amend the code for the 

mechanical end-stops; the end-stops will send signal to the controller when the arms have 

come into contact with them, indicating that the arms cannot move any further. 

Care should be taken when installing different driver chips, as there may be mismatch in the 

current and micro-stepping. If using a A4984 chip, remove the jumper pins to get the motor 

to move. Otherwise, it will oscillate and hum, but it will not move. The specifications for the 

A4983, A4984, and A9488 chips differ.  

Next, configure the settings in the Marlin firmware: configuration.h and configuration_adv.h 

files to correctly tune the feed-rates, z-homing postion, y-homing position, x-homing 

position, arm lengths, printer floor height, etc., to avoid crashes, increase efficiency and 

improve overall performance of the Rostock Mini. 

Measure the movements of the arms, and ensure the printer moves as expected. Determine 

a central position and command the printer to move the arms in the     and   directions. 

Measure the displacement with a ruler, or by attaching a pen instead of a hot end. Ensure 

the arms move correctly paying particular attention to the micro-stepping and scaled 

motion. Current set too high can cause the motors to operate at full step, or cause the end-

stops to fail, due to improper button-presses. Perhaps the use of optic end-stops would 

prevent this. It is also important to ensure all arms are the correct lengths or the printed 

parts will be skewed, this can also be corrected, to a certain degree, by screwing or 

unscrewing the screw installed on top of the carriage parts. This makes the       and    

values longer or shorter by a number of mm, if required. To make the most of the build 

volume, it is important to ensure the steps per mm are correct for each motor, as seen in 

Listing 1. 
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Cold-end Assembly 

Test the cold-end motor, measure how much it moves by commanding the filament to move 

5mm, and check the displacement. After assembling and mounting the Airtripper to the 

upper frame, it is necessary to cut the PTFE to the right length, allowing enough to permit 

the end-effector to travel to the furthest regions of the printer volume. The PLA or filament 

needs to be fed manually fully to the nozzle for first time use.  

Hot-end Assembly 

The hot-end can be designed for a 1.75mm or 3mm diameter filament. Fabrication of the 

Hot-end involves a number of machining processes, and the PEEK material is expensive, it is 

difficult to obtain without purchasing large sheets. Some further machining is required to 

ensure assembly of the Hot-end is possible, and to ensure that the Nozzle doesn’t separate 

from the Peek sleeve under operation.  When the hot-end has molten PLA filament within it, 

approximately        under pressure, it is likely that, due to springiness of the PLA and 

PTFE that the Nozzle and Sleeve are pushed away from each other. An M3 hole should be 

drilled and tapped into the brass Nozzle barrel, to tighten the Nozzle and Sleeve together 

with an M3 screw.  

For the resistor, it is difficult to obtain a 6mm diameter resistor for the brass heating block. 

With heat-sink compound and fire cement, assemble the resistor to the block and keep the 

legs of the resistor at full length. These joints need crimped with 1602 cable wire. Solder is 

unsuitable for this application, due to the heat conducted through the legs of the resistor. 

Cover the legs with braided fibre glass sleeving and the crimped joints with heat-shrink 

sleeving. The 1602 cable wire is necessary, due to the high current level running through the 

cable. At 12 volts, and a 6.8 Ω resistor, almost 2 amps will be running through this cable.  

See Figure 50 where current was applied to the resistor and the temperature of the heating 

block monitored with a power supply and thermo-coupling measurement device.  
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Figure 50 Application of current to the resistor and its effect on the brass heating block 

After successful testing it should be safe to connect the thermistor to the circuit and the 

brass block. Like in the resistor, the legs of the thermistor will be subject to high 

temperatures, however, it is not necessary to crimp the thermistor connections because the 

legs of the thermistor are longer and much thinner than those of the resistor, meaning, the 

heat from the thermistor head will be lost by the time the current travels to the joint. It is, 

therefore, suitable to solder these joints. Insulation is still necessary, to avoid shorting, or 

injury. It is best to use fibre glass braided sleeve and heat-shrink tube. The thermistor is 

ready for use. Remove the error prompt over-ride, as was placed in Listing 1. It should now 

be possible to use the Pronterface software and connect to the board. The resistor should 

heat the block, and it is then possible to monitor the progress of the resistor.  

See Figure 51 where the hot-end was tested by sending commands to the printer. A small 

blob was achieved during initial testing. 

 

Figure 51 First attempt at extruding molten plastic from hot-end 
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A heat-bed is not required for this printer, PLA doesn’t stick to the surface like ABS does, 

however, the host software, CURA, offers a feature which allows the print-head to extrude a 

“raft” – a square layer as a base – to the floor of the printer before commencing the print of 

the actual part. It is necessary however, to attach a base for which the part would be 

extruded; to keep the floor of the Rostock Mini protected. Perspex acrylic sheet, for 

example, would be suitable. 
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Chapter 10 – The Rostock mini – Images of Working Technologies 

The Overall Unit 

 

Figure 52 Assembled Rostock Mini, hot-end mounted and connected 

 

Figure 53 Pulley system for moving the arms of the 
Rostock Mini, installed at the bottom of the pillars 

 

Figure 54 Mechanical End-stops installed at the top of the 
pillars 

Figure 52, Figure 53, and Figure 54 show images of the finished assembled Rostock Mini. 

  

  



Rostock Mini 3D Printer  2013

 

 85  Ríona Corrigan 
 B00439354 

 

Controllers – Sanguinololu & RAMPs boards 

 

Figure 55 Sanguinololu 1.3a board, complete with connections 
 

 

Figure 56 RAMPS 1.3 board 

 

 

Figure 57 Arduino MEGA 2560 board 

 

Figure 55 to Figure 57 show the boards used in testing the Rostock Mini.  
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The Cold-end Extruder 

 

Figure 58 Installed cold-end extruder; Bowden Airtripper 

In Figure 58, the path of the filament can be seen, the filament is fed into the extruder from 

the right of the picture, and is driven by the MK7 direct drive gear, through to the PTFE 

tube, which is attached to the top end of the hot-end extruder.  

The Hot-end Extruder 

 

Figure 59 PLA extruded from hot-end 
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In Figure 59 PLA is being extruded from the hot-end, while the extruder is moving. This was 

done to test the hot-end and to ensure the PLA was correctly molten, it would not be 

practical to extrude the PLA like in this picture otherwise. 

CURA Software 

 

Figure 60 CURA software interface 

With the CURA software, it is possible to change settings such as: the filament material and 

diameter, the supporting material, high quality printing, low quality fast printing, speed and 

printing temperature, packing density, wall thickness etc. 

Clicking on “Open file location” allows you to view the G-code generated by the CURA slicing 

software11:  

                                                      

11
 Refer to Appendix A-__ for CURA generated G-code for a printed part 
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Listing 12 G-code generated by CURA software 
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Conclusion 

3D printers are vastly becoming a part of the future. It is an exciting concept and one that 

will certainly help push the boundaries on terms of technology. The list of potential 

applications for 3D printing devices is endless, and in Mechatronic engineering, it is a good 

starting ground for gaining experience in integrating mechanical, electronic, control and 

software engineering. Upon completion of the project many problems were encountered, 

and it is through this and the practical aspect of the project as a whole that ample 

knowledge was gained. The increasing accessibility of 3D printers will help to push 

boundaries in technology much further, and thus, provide a more thriving, prosperous 

society. With cheaper solutions for parts and eliminating the need for batch supply in order 

to make money, 3D printing looks set to change the world today, just as the factory 

revolution did, in the past.  

Areas for Improvement 

The Rostock Mini is still only in its prototyping stages. It has a lot of potential, and before 

domestic printers become available in every household, as is predicted, these domestic 

printers require a lot of work. Ideas for areas for improvement could include: 

 LCD display 

 SD card reader 

 Dual or multi extruder 

 Portability 

 Durability 

 Safety 

 Extrusion of other materials 
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Webpages 

The Reprap project homepage, and the wiki-pedia organisation are very informative on 

Reprap machines. See references for a list of links. 

The thingiverse website offers the CAD drawings for some of the Rostock Mini parts for free 
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Appendix A- 1 – Gantt Chart 
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Appendix A – 2 – BOM, Cost, Procurement 

Name Qty Category Source Material Dimensions / 

Specifications 

Cost per Total 

cost 

Motor end 3 Printed Printed 

(.stl) 

ABS  --  

Idler end 3 Printed Printed 

(.stl) 

ABS  --  

Carriage 3 Printed Printed 

(.stl) 

ABS  --  

U-joints 12 Printed Printed 

(.stl) 

ABS  --  

Jaw - joints 12 / 6 Printed Printed 

(.stl) 

ABS  --  

Platform 1 Printed Printed 

(.stl) 

ABS  --  

        

Frame (Lower and 

upper) 

2 Cut Laser / 

Water Cut 

(.dxf) 

Acrylic perspex (6mm) (280*280mm) x 2 £25 £25 
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NEMA17 motors  3 Electronic 

(motor) 

 --  4 for £38 £38 

608ZZ ball bearings  4 Mechanical     4 for £32 £32 

LM8UU linear 

bearings 

6 Mechanical       

GT2 timing pulley   3 Mechanical   36-40 tooth GT2 £2.86 £8.58 

GT2 timing belt  3 Mechanical    2.0mm pitch 

976mm length GT2 

0.1m for 

£0.36 

(3m) 

£10.80 

Sanguinololu 

controller  

1 Electronic   (kit with 

components) 

£32 £32 

M2.5x10 qty6  6 Hardware  Stainless steel/ various  Stores  

M3x10 qty7 - flathead  7 Hardware  Stainless steel/ various Flathead Stores  

M3x12 qty76  76 Hardware  Stainless steel/ various  Stores  

M3x16 qty12  12 Hardware  Stainless steel/ various  Stores  

M3 fender washer 

qty30  

30 Hardware  Stainless steel/ various  Stores  

M3 washer qty40  40 Hardware  Stainless steel/ various  Stores  

M3 nuts qty56  56 Hardware  Stainless steel/ various  Stores  

M4x16 qty20  20 Hardware  Stainless steel/ various  Stores  

M4 washer qty20  20 Hardware  Stainless steel/ various  Stores  

M4 nuts qty4  4 Hardware  Stainless steel/ various  Stores  
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M8x30 qty3  3 Hardware  Stainless steel/ various  Stores  

M8 washer qty6  6 Hardware  Stainless steel/ various  Stores  

M8 nuts qty3  3 Hardware  Stainless steel/ various  Stores  

8mm precision 

ground rod qty6 - 

492mm length or as 

configured  

6 Hardware  Ground rod 8mm * 492mm £6 per 

500mm 

rod (6) 

£36 

0.188" OD rigid 

carbon fibre tube qty6 

- 166mm length or as 

configured  

6 Hardware  Carbon fibre 166mm * 0.188” £4.40 per 

1m (2) 

£8.80 

        

Cold-end Extruder      --  

airtripper-extruder-

v3.stl 

 Printed Printed 

(.stl) 

  --  

MR105 ZZ bearing  Mechanical    £2 £2 

MK7 drive gear  Mechanical    £7.25 £7.25 

        

Insulation sleeves 200mm 

length 

Electronic  Fibre glass braid sleeve & heat-

shrink sleeve 

 Stores  

Resistor 6.8 

ohm 

Electronic    £1.55 for 

5 

£1.55 
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Thermistor  100k 

ohm 

Electronic    £2 £2 

PTFE tube OD4mm 

ID2mm 

1m     £4.25 £4.25 

PLA filament 1.75mm  10m     £2.50 £2.50 

PEEK tube 8mm 

rod 

   40*8mm £4.81 £4.81 

PEEK block 10mm 

plate 

   10*65*10mm £10.85 £10.85 

Brass rod 8mm 

rod 

   35*8mm Stores  

Brass block     16*16*12.5mm Stores  



Rostock Mini 3D Printer  2013

 

 99  Ríona Corrigan 
 B00439354 

 

3D Print Orders  

A number of parts of the Rostock Mini may be 3D printed. The 3D printer located in the 

School of Engineering, University of Ulster, may be used to print the following parts: 

 Motor end 
 Idler end  
 Carriage  
 U-joints  
 Jaws  
 Platform  
 Hotend mount  
 Fan mount  
 Extruder (Bowden’s Airtipper V3) 

Laser cut parts 

For the upper and lower frames of the Rostock Mini, Perspex acrylic sheet may be cut in the 

School of Engineering, University of Ulster. 

 Lower frame qty1 - 6mm acrylic  
 Upper frame qty1 - 6mm acrylic  
 Printbed insulator qty1 - 1/8" cork  
 NEMA17 gaskets qty3 - 1/8" cork  

Electronics 

A number of electronic components may be ordered via various online sites; sites that are 

specifically aimed at supplying Reprap machine parts. 

 NEMA17 stepper motors  
 608ZZ ball bearings  
 LM8UU linear bearings  
 36tooth GT2 timing pulley  
 GT2 timing belt  
 Sub-miniature switch  
 Sanguinololu controller board 
 40mm cooling fan  
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 N-channel MOSFET - IRF540  

Hardware 

The fasteners needed for assembly may also be ordered online: 

 M2.5x10 (6) 
 M3x10 (7) - flathead  
 M3x12 (76) 
 M3x16 (12) 
 M3 fender washer (30) 
 M3 washer (40) 
 M3 nuts (56)  
 M4x16 (20)  
 M4 washer (20) 
 M4 nuts (4) 
 M8x30 (3)  
 M8 washer (6)  
 M8 nuts (3)  
 8mm precision ground rod (6) - 492mm length  
 0.188" OD rigid carbon fiber tube (6) - 166mm length  
 6"x6" 3/16" thick borosilicate glass  

Assembly & Commissioning 

Tool list 

The tools required for assembly include: 

 Solder Iron & solder 

 PTFE grease 

 Superglue 

 M3 & M4 taps 

 Drill, 7/64” (#35), 5/32” (#22), 3/32 (#40) drill bits   

 Wrench  

 Allen key 

 Wire-stripper and crimper 

 Needle file 
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Tasks/Processes 

Hardware assembly 

1. 3D print parts 

2. Mill Perspex for the frame 

3. Deburr Perspex, and m8 rods 

4. Cut carbon fibre rods using diamond cutter 

5. Assemble lower frame with motors and pulleys 

6. Attach steel rods and tighten into position 

7. Attach LM8UU bearings to m8 rods 

8. Cable-tie the carriage to the LM8UU bearings 

9. Grease the rods 

10. Assemble the U-joints to the carriage(s) and to the platform 

11. Attach the carbon rods to the U-joints and allow glue to set 

12. Assemble the bearings to the idler ends at the top of the printer 

13. Assemble the upper frame, but do not tighten 

14. Cut the timing belt into three lengths 

15. Attach the timing belts to the carriages using cable ties (drill hole in the belt to insert 

the cable tie through, to secure the belt in place 

16. Fit the belt around the bearings at the idler end and the pulleys at the motor end, 

and tighten the idler ends 

Hardware assembly prior to extruder assembly complete 

Cold end assembly  

1. Print 3D parts (airtripper-extruder-v3.stl). 

2. Purchase bearings and hob gear. 

3. Purchase stepper motor. 

4. Crimp wire connections to female connector. 

5. Taper PTFE end, and insert M4 nut, assemble the printed parts, gear and bearings to 

the motor, attach PTFE tubing.  

6. Mount onto top of upper frame of Rostock Mini. 

7. Attach to assembled hot-end extruder. 

Hot-end assembly 
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1. Machine the brass nozzle, brass heating block, PEEK insulating sleeve, PEEK hot-end 

mount block, as per drawings. 

2. Acquire a 6.8 ohm ceramic power resistor. 

3. Acquire a 100k thermistor. 

4. Acquire fire cement, and heat-sink compound. 

5. With the fire cement and heat-sink compound, pack the resistor into bore as tightly 

as possible, ensuring no air holes. 

6. With the fire cement, pack the thermistor in bore as tight as possible. 

7. Do not cut the legs of the resistor or the thermistor, crimp the legs of the resistor to 

a 1602 cable, do not solder. Solder the legs of the thermistor to cable. Do not forget 

to insert installation sleeves for legs of thermistor and resistor. Insert heat-shrink 

insulation sleeves around joints.  

8. Allow the fire cement to dry and harden, applying heat will speed up the process, 

but be careful. 

9. Assemble the hot-end to the platform of the Rostock Mini. 

Electronics 

Sanguinololu Component Check list 

Component Desription Quantity 

Sanguinololu electronic 

board 

Electronic board that uses ATMega1284 chip 

and supports four axis(x, y, z, extruder) via 

pololu stepper drivers (100mm x 50mm) 

1 

ATMega chip  1 

Pololu Stepper Driver  4 (x, y, z, 

extruder) 

USB Port  1 

Thermistor  2 

N-MOSFET For extruder 2 

FDTI (Future Technology 

Devices International) SMD 

chip 

Semiconductor device that supports devices 

for translating RS232 to USB signal 

1 
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Appendix A-3 – Enabling Technologies Tree  
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Appendix A-4 – Sanguinololu Board Schematic Diagram  
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Appendix A – 5 Hot-end drawings 

http://reprap.org/wiki/File:Mini-extruder-hot-end-drawings.png
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Appendix A-612  A list of MF G-codes  

G0  MF  same as G1  

G1  MF  Coordinated Movement X Y Z E  

G2  MF  CW ARC  

G3  MF  CCW ARC  

G4  MF  Dwell S<seconds> or P<milliseconds>  

G28 MF  Home all Axis  

G90 MF  Use Absolute Coordinates  

G91 MF  Use Relative Coordinates  

G92 MF  Set current position to cordinates given  

M17 MF  Enable/Power all stepper motors  

M18 MF  Disable all stepper motors; same as M84  

M20 MF  List SD card  

M21 MF  Init SD card  

M22 MF  Release SD card  

M23 MF  Select SD file (M23 filename.g)  

M24 MF  Start/resume SD print  

M25 MF  Pause SD print  

M26 MF  Set SD position in bytes (M26 S12345)  

M27 MF  Report SD print status  

M28 MF  Start SD write (M28 filename.g)  

M29 MF  Stop SD write  

M30 MF  Delete file from SD (M30 filename.g)  

M31 MF  Output time since last M109 or SD card start to serial  

M42 MF  Change pin status via gcode  

M80 MF  Turn on Power Supply  

M81 MF  Turn off Power Supply  

M82 MF  Set E codes absolute (default)  

M83 MF  Set E codes relative while in Absolute Coordinates (G90) mode  

                                                      

12
 http://softsolder.com/2013/03/14 
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M84 MF  Disable steppers until next move, or use S<seconds> to specify an 

inactivity timeout, after which the steppers will be disabled.  S0 to 

disable the timeout.  

M85 MF  Set inactivity shutdown timer with parameter S<seconds>. To 

disable set zero (default)  

M92 MF  Set axis_steps_per_unit - same syntax as G92  

M104    MF  Set extruder target temp  

M105    MF  Read current temp  

M106    MF  Fan on  

M107    MF  Fan off  

M109    MF  Wait for extruder current temp to reach target temp.  

M114    MF  Display current position  

M114    MF  Output current position to serial port  

M115    MF  Capabilities string  

M117    MF  display message  

M119    MF  Output Endstop status to serial port  

M140    MF  Set bed target temp  

M190    MF  Wait for bed current temp to reach target temp.  

M200    MF  Set filament diameter  

M201    MF  Set max acceleration in units/s^2 for print moves (M201 X1000 

Y1000)  

M202    MF  Set max acceleration in units/s^2 for travel moves (M202 X1000 

Y1000) Unused in Marlin!!  

M203    MF  Set maximum feedrate that your machine can sustain (M203 X200 

Y200 Z300 E10000) in mm/sec  

M204    MF  Set default acceleration: S normal moves T filament only moves 

(M204 S3000 T7000) im mm/sec^2  also sets minimum segment time in ms 

(B20000) to prevent buffer underruns and M20 minimum feedrate  

M205    MF   advanced settings:  minimum travel speed S=while printing 

T=travel only,  B=minimum segment time X= maximum xy jerk, Z=maximum Z 

jerk, E=maximum E jerk  

M206    MF  set additional homeing offset  

M220    MF  S<factor in percent> set speed factor override percentage  

M221    MF  S<factor in percent> set extrude factor override percentage  



Rostock Mini 3D Printer  2013

 

 108  Ríona Corrigan 
 B00439354 

 

 

M240    MF  Trigger a camera to take a photograph  

M301    MF  Set PID parameters P I and D  

M302    MF  Allow cold extrudes  

M303    MF  PID relay autotune S<temperature> sets the target temperature. 

(default target temperature = 150C)  

M400    MF  Finish all moves  

M500    MF  stores paramters in EEPROM  

M501    MF  reads parameters from EEPROM (if you need reset them after you 

changed them temporarily).  

M502    MF  reverts to the default "factory settings".  You still need to 

store them in EEPROM afterwards if you want to.  

M503    MF  print the current settings (from memory not from eeprom)  

M999    MF  Restart after being stopped by error 
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