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ABSTRACT 

This thesis has the aim of building a functional prototype of a feeding system for FDM machines. 

The idea behind this prototype is to take the advantages of Bowden extruder and Direct extruder 

systems to develop a new system that has the stepper motor on the outside but maintains the 

feeder on the printhead thus removing the need of the Bowden cable and also removing the 

weight of the stepper motor from the printhead. 

This thesis involves projecting the new system as well as physically assembling and testing it. 

With the assembly of this prototype it is wanted to achieve a faster and more efficient printing with 

equal or better quality as the systems already previously developed. Better understanding the 

existing models helped to develop this new concept that lacks the backup of scientific published 

work.  

Most parts were specifically designed for this prototype and more than half of these parts were 

3D printed at Lab2Prod, using the 3D printers available. Every decision made for this prototype 

is explained along with all the parts details. 

After assembling the prototype, it was possible to verify and validate the objectives proposed for 

this thesis as well as to take note of the issues encountered during this process. 

 

Keywords: Fused Deposition Modelling, Additive Manufacturing, Prototype, Bowden, Direct 

Extrusion.

 

1. INTRODUCTION 

Looking back at the early stages of 3D 

printing, this technology was a lot more 

primitive than what it has become today. The 

first additive manufacturing machines (AM) 

that came on to the market were for the 

purpose of rapid prototyping (RP), which is 

described as a process to quickly and easily 

create a design or system representation 

prior to its final release to the market or its 

commercialization [1]. Even though most of 

the RP processes that we use now-a-days 

had already been developed in the 90’s, they 

weren’t still out in the market as there was 

still a lot of testing to be done [2]. Quite 

astoundingly, these first machines were not 

very expensive. 

According to the Wohlers report 2017, the 

3D printing industry grew 17.4% in 2016 

which is still an incredible number even 

though it decreased from 25.9% in the 

previous year. This decrease is explained by 

the declines by the two largest system 

manufacturers in the market which represent 

21.7% of the AM industry. The report 
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estimates that removing these 2 major 

companies from this study would have 

meant an increase of 24.9% in the industry 

in 2016. [3] 

Among the commonly used 3D printers, 

there are 2 different types of extruders: 

Direct extruder and Bowden extruder. Each 

of these 2 have their advantages making 

both of these systems very appealing. 

Although, not everything is perfect and both 

extruders also have disadvantages. The 

focus behind this work is to develop a new 

feeding system for extrusion in FDM 

equipment that can combine the best 

aspects of each system and create a 

working prototype that will be tested and 

therefore prove this new concept. 

2. ADDITIVE MANUFACTURING 

ASTM defines Additive Manufacturing (AM) 

as “a process of joining materials to make 

objects from 3D model data, usually layer 

upon layer”. 

The committee F42, which is behind this 

terminology, grouped AM technologies into 

seven categories, therefore making it easier 

for standards-development and educational 

purposes. [4] 

Material Extrusion, which is the category 

focused in this work, is an additive 

manufacturing process where the material is 

drawn through a nozzle, which is deposited 

onto the cross-sectional area and layers of 

this melted material are deposited on top of 

previous layers, fusing together. 

Overall, additive manufacturing can provide 

the manufacturing of any geometry no 

matter how complex it may be, allowing its 

customization. There’s barely any waste as 

now a days most spare material can be 

recycled. This technology is accessible to 

most users as 3D Printing machines are 

becoming more affordable, which also 

means less emissions to the atmosphere as 

parts’ transportation isn’t required so 

frequently since parts can be sent digitally 

and be printed anywhere [5] 

Cartesian coordinate systems (x,y,z) were 

adopted in this work and described as 

following: 

• The X axis stands for the axis 

perpendicular to the Z axis and also parallel 

to the machine front. 

• The Y axis features a 90⁰ angle along with 

the Z axis, as well as the X axis. 

• The Z axis is normal to the build platform, 

due to the layer by layer material deposition. 

AM technologies generally follow a 

procedure with different steps in order to 

manufacture any part and some of them are 

described as: 

• The first step starts with coming up with an 

idea of the product and translate it into a 3D 

Computer Aided Design (CAD) software. 

• Once the design is finished, it is required to 

convert the file into STL (term derived from 

Stereolithography). An STL file is relieved of 

any of the modeling steps and data from the 

CAD design and it approximates the 

surfaces of the final model with a series of 

triangular facets. [4] This file is used as a 

universal language, making it easy for the 

files to be used by all AM machines.  

• Using a Computer Aided Manufacturing 

(CAM) software, it is possible to preview the 

printing details and establish the machine 

setup. Different materials require different 

printing parameters as well as different 

machines will allow different features. 

• After everything is set the STL file is saved 

as a G-Code, which is a numerical control 
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programming language that contains all the 

information that the machine has to follow, 

such as tool path, how fast it has to move 

and when to move. Once the G-Code is 

generated, it can then be transferred into the 

AM machine so that the printing can initiate. 

2.1 Material 

A wide range of materials can already be 

used in this method. These materials have 

been submitted to tests in order to figure out 

which are more suitable for 3D printing since 

some may present problems due to their low 

viscosity and surface tensions after the 

material is melted at the required 

temperature. [2] Polylactic Acid (PLA) is one 

of the most commonly used polymers and is 

the material used for all the 3D printed parts 

developed in this project. 

2.2 Filament Extrusion  

In order to successfully extrude in filament-

based printers, it is necessary to deliver the 

filament from a cold end that pulls and feeds 

the thermoplastic from the spool to the hot 

end that melts the material, so that it can 

then be deposited on the build platform. For 

such, it can be done through a Direct 

extruder or Bowden extruder. [6]  

In the first method, the extruder is mounted 

on top of the hot end and the filament is 

inserted directly into it, as seen below in 

Figure 1. 

 

Figure 1 - Direct Extrusion scheme [7]  

This system keeps the distance that the 

filament has to travel from the feeder to the 

hot end to a minimum, giving better 

responsiveness to the process of retraction, 

which is a simple mechanism that alleviates 

pressure from the filament at the melt zone, 

so that when it isn’t printing (for example, 

when printing more than one part at the 

same time and there is distance between 

them) the material isn’t being forced through 

the nozzle. [8] This will create better 

responsiveness and avoid certain errors 

during the printing. 

Having the stepper motor attached to the 

print head, will cause more weight and 

therefore require less torque to extrude the 

filament through the hot end. However, 

having more mass may cause anomalies like 

backlash [9], where the print head 

sometimes fails to cover the exact same trail 

as before when going back and forth. The 

heavier weight also means that the print 

head can’t move as fast and consequently it 

will print slower. 

 

Alternatively, the Bowden extruder system 

can solve some of these problems, even 

though it also has some drawbacks. A 

representative diagram of this system can be 

seen in Figure 2. 
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Figure 2 - Bowden extrusion scheme  [10] 

While the direct extruder has the stepper 

motor attached to the print head, on the 

Bowden extruder system the motor is 

mounted away from the hot end along with 

the feeding system, either on the outside or 

on the interior of the 3D printer. This means 

that there will be significantly less weight in 

the moving carriage, allowing faster prints 

and, in theory, more accurate and precise 

prints as there is less momentum to 

overcome when changing directions.  

On the other hand, this system also has its 

own set of disadvantages. Having the motor 

and the feeding system away from hot end, 

which increases the hysteresis of the 

system, will require a guiding system for the 

filament so that it doesn’t spill out. This 

guiding system is called Bowden, which is 

usually a Teflon tube that serves as housing 

for the filament. It is extremely important that 

the diameter of this tube should be as close 

as possible to the diameter of the filament, 

so that it doesn’t clog up during retraction. 

Although, the filament diameter should 

never be larger than the tube’s diameter, 

even though it may seem to fit, because it 

will introduce additional friction in the tube 

and result in poor extrusion. Another 

disadvantage to this approach comes with 

flexible filaments.[11] This type of filament is 

extremely challenging to print using a 

Bowden system due to its long distance from 

the feeder to the hot end. Having to push a 

flexible filament with enough pressure to 

enter the hot end may cause the filament to 

flex inside the tube instead of being pushed 

forward, clogging up the machine. 

2.3 Build Platform 

According to the Standard Terminology for 

Additive Manufacturing defined by ASTM, 

the build platform is “any base which 

provides a surface upon which the build is 

started and supported throughout the build 

process” 

2.4 FDM Machines 

Tevo Tarantula is a low budget do-it-yourself 

desktop printer kit that can be purchased for 

less than 200€. This printer is highly 

moddable an combining this with its low 

price, makes this printer the chosen model to 

use as a base for the developed prototype. 

 

Figure 3 - Tevo Tarantula model [12] 

Its model is based on the classic reprap 

Prusa I3 concept and its design is simple 

and robust, with a full metal frame and an 

aluminium heated bed. 

This printer comes with a 0.4mm nozzle, 

which allows layer heights between 0.1 and 

0.3mm, providing a decent resolution and it 

supports 1.75mm filament making it most 

suitable for ABS and PLA, even though it can 

also print with Polyvinyl Alcohol (PVA), 
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flexible filaments and wood. With a build size 

of 200 x 200 x 200 mm, it can achieve a 

maximum printing speed of 150 mm/s and a 

positional accuracy of 0.04mm in the Z axis 

and 0.012 in the X and axis, its plate can be 

heated up to 120ºC and the extruder can 

reach 260ºC which makes it easier to print 

with ABS, especially if the filament is of lower 

quality. 

3. CONCEPT DEVELOPMENT 

The ideal system would be one which could 

keep the distance that the filament has to 

travel from the feeder to the hot end to a 

minimum, resulting in the placement of the 

feeder next to the printhead just like in the 

direct extruder system, although, the stepper 

motor would be kept separate from it and 

placed on the outside, away from the hot end 

which is what happens with the Bowden 

extruder. Combining these systems would 

remove the need of a Bowden cable. The 

biggest challenge behind this idea is to figure 

out a way to transmit the motion from the 

stepper motor to the feeder. 

3.1 First concept 

Taking all the needs and drawbacks as well 

as the existing systems into consideration, 

an initial sketch was drawn as a proposed 

solution for this project. 

 

Figure 4 - First concept sketch 

This initial sketch, as represented in Figure 

4, consists of a stepper motor located on the 

top frame, on the opposite side of the 

stepper motor that controls de Z axis, that 

would activate the rotation on the first shaft. 

The bevel gears mounted on the two shafts 

are 90 degrees apart and would be used to 

provide the rotation from the first shaft to the 

second shaft which would have a worm gear 

that would consequently feed the filament 

into the hot end. Pillow blocks would be used 

at the ends of both shafts in order to support 

them and allow the rotary motion. 

Worm gears have high power losses and 

very low efficiency when compared with 

other types of gears. These gears are fairly 

expensive to manufacture due to the 

materials used, but since these parts can 

also be 3d printed, in this situation the 

manufacturing cost wouldn’t be a problem. 

Worm gears are mainly used as speed 

reducers, which in cases where this ratio is 

large, the worm teeth sliding action will 

generate a lot of heat. Since the speed 

required for the extruder to feed the filament 

is relatively low, the use of this type of gear 

would be an overkill. 

3.2 Final concept 

Taking all the aspects from the first concept 

into consideration a second and final sketch, 

was drawn and shown in Figure 5 

 

Figure 5 - Final sketch 

The extruder’s stepper motor that was 

previously located on the top frame will now 
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be placed parallel to the X axis carriage, 

which means there will be no need for the 

extra vertical shaft. 

Other than that, instead of using a worm 

gear to transmit the movement to the feeder 

gear, the system will now have two gears, 

one on the added main shaft, which will be 

the drive gear, and the other one on the print 

head, which will be the driven gear. The 

drive gear will then transmit its rotary motion 

to a 5 mm diameter shaft that will 

consequently make the feeder gear rotate 

and feed the filament. 

Looking at how this system will operate, the 

stepper motor and its opposing pillow block 

will be fixed on the Z axis carriage, therefore 

allowing its shaft’s movement up and down 

along with the X axis carriage. As well as 

having to follow the X carriage up and down, 

the gear mounted on the shaft will also have 

to slide along the shaft so that it can 

accompany the print head’s movement 

along the X axis. This means that the system 

will have to be precise when it comes to pitch 

diameters and the gear’s center to center 

distance as to avoid misalignment problems. 

4. PROTOTYPE 

Most of the parts used for this prototype 

were printed in PLA, at the Lab2Prod 

laboratory using the Ultimaker 3, while a few 

others made of specific materials had to be 

ordered so that these parts could meet the 

required specifications and fulfill its purpose. 

The printer’s frame remained the as the one 

in Tevo Tarantula. 

4.1 Modular X Carriage 

The original system developed by Tevo 

comes with a horizontal X carriage and in 

order for the newly designed system to work 

it would have to swapped into a vertical 

carriage.  

The model used is open source and found 

online, developed by the user “Elzariant 

Lezariant”. The part that contains the feeder 

had to be adapted to this prototype and can 

be seen in Figure 6. 

   

(a) X carriage part 

1 

(b) X 

carriage 

part 2 

(c) X carriage 

physical 

assembly 

Figure 6 - X carriage physical representation 

Part 2 is mounted on part 1, allowing it to be 

dismounted in case of any malfunction or 

any repairs/maintenance need to be made, 

without having to disassemble the entire X 

carriage. 

4.1.1 Feeder system 

For this prototype, the feeding system is 

placed on top of the printhead along with the 

driven gear that activates the feeder gear. 

Tevo Tarantula’s feeder system was 

replaced with the mk8 extruder aluminium 

feeder, due to the fact that the grip was too 

long, which would cause collision with the 

main shaft. 

 

Figure 7 - MK8 Extruder Aluminium feeder 

4.2 Z Carriage 

This carriage now uses 2 support parts with 

the v-slot wheels in the middle of them, 

following the same principle as the modular 

X carriage. Physical representation shown in 

Figure 8. 
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(a) Z axis carriage 

– stepper side 

(b) Z axis carriage – pillow 

block side 

Figure 8 - Z axis carriage 

On one of the sides of the Z axis frame, the 

added support also has a bracket attached 

that holds the feeder stepper motor, where 

the main shaft is fixed to. On the other hand, 

the support on the opposing side only has to 

uphold the pillow block. 

4.3 Main Shaft 

Following up, the main shaft set used for this 

system is one of the core parts that had to 

be considered. Not only is the shaft going to 

be rotating as the feeder’s stepper motor is 

providing its movement as well as the drive 

gear mounted on this shaft will have to slide 

along it back and forth so that it is always 

aligned with the driven gear when the X 

carriage moves.  

 

Figure 9 - DryLin square profile 

The DryLin square profile, shown in Figure 

9, is made of aluminium, hard anodized and 

is very light weight as well as robust and 

corrosion-resistant. The fact that this profile 

is square, allows the drive gear, mounted on 

a specific component, to slide and rotate at 

the same time which would not be achieved 

with a circular profile. 

In order for the drive gear to slide along the 

shaft, igus provides a special sliding element 

as seen in Figure 10, that is used in DryLin’s 

pillow block, made out of a material called 

Iglidur J which is torque-resistant and has a 

low coefficient of surface friction. This item, 

with reference JQL-02-20 (without fixing 

pin), was specially designed to be mounted 

on the DryLin square profile and held in a 

pillow block housing. Since the pillow block 

provided by igus doesn’t fit the needs of this 

project, a new model was drawn in 

Solidworks with all the required 

specifications and printed at the laboratory’s 

Ultimaker 3. 

   

(a) Sliding 

element parts 

(b) New 

model to 

house the 

sliding 

element 

parts  

(c) Assembly of 

parts (a) and (b) 

with DryLin’s 

square profile 

Figure 10 - Sliding element and corresponding 
housing 

The length chosen for the square profile was 

of 250mm, giving enough margin for the 

drive gear to slide around without hitting the 

edge and covering the printhead’s X axis 

travel length. 

It is important to note that the 250mm length 

of the square profile doesn’t cover the entire 

shaft’s section. Another shaft had to be 

made, to connect the stepper to the 

opposing end, which fits inside the DryLin’s 

profile and is locked within it with a small part 

in each end, designed in Solidworks. This 

thinner shaft is 323mm long and has a 

square profile with 11.5x11.5mm along the 

section that is inside the DrLyin’s square 

profile, while the rest of the profile, that 

connects to the stepper motor on one side 

and to the pillow block on the opposing end, 



8 
 

was lathed to a circular section with a 10mm 

diameter. The initial idea was to simply have 

the circular section of the smaller aluminium 

shaft on each end, but having the shaft cover 

the entire length provides more stiffness to 

it, and also having the square section 

appropriately locked within the DryLin’s 

square profile will make sure both shafts 

always rotate in solidarity. The physical 

representation of this system can be seen in 

Figure 11. 

 

Figure 11 -DryLin's square profile with aluminium 
shaft coupled inside with locking part 

4.4 Gear Design 

Driven gear’s diameter cannot exceed 

46mm in order to avoid collision with the X 

carriage part. Measuring the center distance 

between the main shaft and the small 5mm 

diameter shaft, the value was set to 47mm 

which was the closer round value therefore 

making it easier to design the gears, and dY 

and dZ were adapted to set this value as 

seen in Figure 12. 

 

Figure 12 - Gear's center distance 

From then on, it was possible to set all the 

gear’s parameters, that led to Table 1. 

 Gear 1 Gear 2 

m 2 2 

z  27 20 

Dp 54 40 

ɸ [º] 20 20 

Face Width [mm] 10 10 

Shaft Diameter [mm] 32 5 

A fork like system was created that uses 

instead two cylinders with 3mm thickness 

that will have their inner surface in contact 

with the X carriage part’s outer surface, thus 

allowing all surfaces to be polished and 

creating less friction with its rotation and 

sliding movement. 

 

Figure 13- Fork system 

Table 1 - Gears' specifications 

5. RESULTS AND TESTING 

The material used in these tests proved out 

to be one of the key factors for the prototype 

to successfully print. The 1.75mm PLA 

filament available at the laboratory has 

extremely low quality therefore making it 

even harder for the tests to succeed. Tests 

prove that this prototype is functional and 

that even though the best parameters still 

need to be set and the bed properly 

calibrated, it is possible to use this system as 

a validate option as proven in Error! 

Reference source not found.. 

  

Figure 14 - Printing test result 

 

Having the Tevo Tarantula system into 

consideration, which uses a Bowden 

extruder mechanism, it is not possible to 

directly compare the mass difference values 

of the developed system in this prototype 
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with it, because the stepper motor and the 

feeder system is already placed apart from 

the printhead. However, if it’s pretended that 

the stepper motor and the original feeder 

system are placed on the X carriage, 

knowing that the stepper motor has a weight 

of 293g, the original feeder system has a 

weight of 52g and also the taking into 

account the weight of the 4th v-slot wheel kit 

that is used in the original system (prototype 

only uses 3), the mass reduction achieved is 

shown in Table 2. 

Table 2 - Mass reduction 

Prototype’s X carriage [grams] 268 

Tarantula’s X carriage with 

stepper motor and feeder system 

[grams] 

391 

Mass reduction [grams] 123 

Percentage of mass reduction 

[%] 

31.46 

Costs wise, considering all the items added 

to build this prototype which were not 

already supplied by the original Tevo 

Tarantula model, a total investment of 

52.03€ is required. 

6. CONCLUSIONS 

Having to build a functional prototype has 

proven out to be extremely challenging. 

Aside from all the details that should be 

taken into account during the project design, 

there are always a lot of gaps forgotten to be 

filled which are only realized during the 

actual physical prototype assembly. On top 

of that, any mistakes done during the 

physical assembly can result in hours of 

rework which when short in time may turn 

out to be critical.  

The idea to develop a new feeding system 

was extremely interesting and tricky at the 

same time. 3D printing technology is still on 

the rise and even though there are already a 

lot of new different models, each with its new 

improvements to differentiate it from other 

manufacturer’s, there was only one system 

available in the market that functions in a 

similar way of this prototype. Furthermore, 

the scientific work published on this topic of 

direct extrusion and Bowden extrusion is 

very scarce.  

Looking at the base model used to build this 

prototype, the Tevo Tarantula is extremely 

cheap when compared to other 3D printing 

machines, therefore making it more 

accessible to any user and allowing easy 

customization and modding. On the other 

hand, this model lacks accuracy and trying 

to achieve a good quality printing requires a 

lot of patience and calibration, which made it 

even harder when adapted to the prototype 

system developed and implemented. 

Out of the 23 different parts used in the 

assembly of this new system (without 

considering stepper motors, hotend and v-

slot wheels), only 2 of them were adapted 

from the previous and original model, Tevo 

Tarantula. Also, out of the 21 new different 

parts introduced, 2 were specifically 

manufactured for this prototype and 15 were 

3D printed, of which 9 were specifically 

designed for this prototype. This comes to 

prove, as already stated by many authors, 

that 3D printing technology can adapt to 

most uses and provide the exact same, if not 

better, functionality as any other part 

produced through conventional 

manufacturing, lowering its manufacturing 

costs significantly. With this prototype, it is 

possible to achieve about 31% mass 

reduction while maintaining the systems 

functionality.  
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6.1 Future Work 

In order to achieve better results, some 

suggestions are described below for future 

work on this thesis: 

• Further tests should be done with the 

objective of achieving a greater printing 

quality at high printing speeds. 

• Some of the 3D printed parts, such as the 

hotend and feeder support (side 2.2v2) as 

well as the sliding element housing, could be 

redesigned to make the assembly easier. 

• A different printing bed calibrating system 

would help achieve better accuracy in 

printing. 

• Having a closed build envelope will provide 

a more stable printing environment thus 

leading to better printing quality. 

• When designing parts for 3D printing, 

drawing compensations need to be made in 

order to achieve the exact measures 

wanted. One suggestion is to set a standard 

list of these compensations applied to each 

printing directions so that the user doesn’t 

have to waste time and materials on printing 

the same part more than once. 
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