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Abstract 

3D printer is a form of additive manufacturing technology. In 3D printer, a 3D object can 

be formed by laying down successive layers of material. 3D printers are easier to use than other 

manufacturing technologies, they are also faster and more affordable than other manufacturing 

technologies. 3D printers offer product developers the ability to print parts and assemblies made 

of several materials with different mechanical and physical properties in a single build process. 

One of the world’s first 3D printer was based on Fused Deposition Method (FDM). It was 

developed by Scott crump in 1980’s. 

3D printers revolutionized the prototyping industry by enabling more rapid, more 

efficient, and cost-effective prototyping. According to the manufacturers 3D printers are 5 times 

cheaper and at least 10 times faster than the ordinary methods. Not only that, but when it comes 

to prototype production, no other technology comes close to 3D printers. 3D printer is capable of 

making complex geometries with ease and provide you with a realistic prototype at exact 

dimensions and all of it without needing any expert machinists. This technology has found 

applications in many fields because of the number of materials that can be used for printing.  

The objective of this study was to design a smart concrete 3D extruder and prototyping. 

The extruder is the most significant component of a 3D printer because it is responsible for 

drawing in the material, melting it (in 3D printers that need fused material, such as FFD), and 

pushing out the material. The essential aspects that were kept in mind while designing the 

extruder were speed, precision, and long-term reliability. The first stage was to develop the 

extruder based on a concrete mixture specifically designed for 3D printers employing locally 

accessible resources and materials. Investigating structural stability and long-term usage in 

Pakistan's environment. Investigating the impact of printing factors such as layer thickness, 

nozzle size, printing speed, and flow rate. The extruder design is crucial, because the printer will 

not function properly until it is done correctly. In our case, the extruder is enclosed in an 

aluminum casing, and the material is pushed in through pneumatic pressure pushing from above. 

A stepper motor-powered leadscrew is transporting the material to the nozzle, which is 

effectively pushing out the material based on the numeric feed input. 
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Figure 1: 3D printer [4] 

CHAPTER 1: INTRODUCTION 

 

3D printer is a form of additive manufacturing technology. In 3D printer, a 3D object can 

be formed by laying down successive layers of material. 3D printers are easier to use than other 

manufacturing technologies, they are also faster and more affordable than other manufacturing 

technologies. 3D printers offer product developers the ability to print parts and assemblies made 

of several materials with different mechanical and physical properties in a single build process. 

Modern 3D printers can print model that can be used as product prototypes [1-3]. 
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Figure 2: 3D Printer Patent [6] 

1.1 Brief History: 

 One of the world’s first 3D printer was based on Fused Deposition Method (FDM). It was 

developed by Scott crump in 1980’s. In this design, model (colored pink) is printed on a 

baseplate (which can move horizontally in X-Y directions), while the nozzle (mounted on print 

head) moves in the vertical direction (Z axis).  A plastic rod (shown with yellow color) is heated 

to the molten state inside the print head and is carefully regulated by a thermocouple which is in 

turn connected to a temperature controller. A compressor is connected (shown in green). 

Compressed air from the compressor will be used to extrude the rod. Since then, many changes 

have been made but the basic principle of feeding the material through numeric control and 

layered structure remained the same. [5] 
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1.2 Research Gap: 

Independence is extremely valuable in technological sectors. We must progress towards 

self-sufficiency by beginning with the manufacturing of modest machinery and progressing 

toward more complicated technology. Modern technology has greatly decreased labor work in a 

variety of businesses throughout the world. Modern technology allows them to work more 

efficiently and for longer periods of time without getting tired. There are still several sectors in 

Pakistan that require improvement. Research was conducted to identify the gap that might be 

filled by this study. Keeping in mind the local construction workers in Pakistan, it was 

discovered that regular 3D printing technology is present in Pakistan, but 3D concrete printing is 

still under research, this idea was evaluated for feasibility analysis and future adaption, thus we 

strive to make this idea a reality and give a solution to our building enterprises and small-scale 

local workers. Even though this production is on a small scale and can only be used for 

prototyping, with full access to resources and materials, it can be completely deployed to 

manufacture entire building structures as well as dam construction.  

1.3 Process (step by step) 

 Create (or import) a 3D CAD file 

 Export the file in STL format  

 Select Material 

 Select parameters 

 Create G-codes  

 Print 

 

1.4 Importance: 

3D printers revolutionized the prototyping field. 3D printers give you the option 

of faster manufacturing at cheaper rates. According to the manufacturers 3D printers are 

5 times cheaper and at least 10 times faster than the ordinary methods. Not just that, no 

other technology comes close to 3D printers when we talk about prototypes 

manufacturing. 3D printer is capable of making complex geometries with ease and 

provide you with a realistic prototype at exact dimensions and all of it without needing 

any expert machinists. This technology has found its applications in many fields because 
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Figure 3: 3D Printed heart as displayed 

by US NIH image gallery [7] 

of the number of materials that can be used for the printing. The details of which are 

discussed in the next section.  

1.5 Applications: 

3D printer found its applications in many fields because of the various different 

kinds of materials that can be used and the complexity of the model that can be achieved. 

Some of the applications of 3D printer are briefly mentioned below 

1.5.1 Medicine 

Doctors were one of the firsts to explore the 3D printer technology as it has a lot 

of potential in the field of medicine. Human body is fragile and a technology that can 

promise to replace the body parts and tissues is of great significance. 3D printed arms, 

legs, ears and muscles have already been seen. 3D printer is also in use to produce 

artificial cells, tissues and even skin.  Experiments are also being conducted to produce 

3D printed organic bones (to replace a shattered bone) whose size can be modified 

according to the person requirement and it can stay inside the body without causing 

damage to other organs. Even though we have advanced a lot in the field of 3D printing 

body parts but we are still far from perfection as researchers plan towards a future where 

we will have complete 3D printed organs (even liver and heart). 
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Apart from replacements, 3D printed parts are also being used for educational 

purpose. US NIH image Gallery displayed a 3D printed heart which is shown in figure 

above. Surgeons perform heart surgery on 3D printed hearts At Nicklaus Children's 

Hospital in Miami, Florida. Elsewhere similar approach is used for brain surgery. 

 1.5.2 Aerospace and defense 

Although, most parts of an aircraft are tested on a computer-based models but still 

we need to develop a physical model for testing over a wind tunnel and such. Parts 

production of an aircraft is a very expensive considering most of these parts are custom 

made and cannot be produced in bulk quantity. A Boeing Dreamliner has approx. 2.3 

million parts in it. It is true that commercial planes are mostly built-in quantity but 

military planes cannot be made likewise and are more likely to be highly customized. 3D 

printer makes it possible to design, test and manufacture low volume parts cost 

effectively. 

Spacecrafts are even more complex than an aircraft. Parts are more customized 

and have increased complexity. To produce tools and methods to make each part 

separately is very costly. 3D printer helps in this regard and is producing many of the 

parts for the spacecrafts. On board 3D printers are also being used in space which can be 

used to make parts according to requirement in space when needed instead of estimating 

requires parts and shipping them over, they can make the required parts as they see fit. 

The latest, human-supporting NASA Rover uses 3D-printed parts produced with help 

from Stratasys. 

Even marines take advantage of 3D printer. It makes more sense to board a 3D 

printer on the ship and make and replace parts that need replacing instead of carrying 

bundles of spare parts with them on voyage or docking the ship for each repair. Most of 

the ships are having onboard 3D printers now a days. Thanks to US NAVY pictures of a 

few parts that 3D printed and are being used in ships are made public. They are displayed 

below. [5] 
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Figure 4: 3D printed undersea wireless charger  

Figure 5: Lulzbot Taz 6 3D printer being used to make spare parts 

onboard a US naval ship 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5.3 Visualization 

Using 3D printer for custom making aerospace or aircrafts parts is a much broader 

use of the 3D printer. Most people use 3D printer for 3D visualization of their products 
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and to get a good view what their product will look like. Virtual reality can also be used 

for this purpose but people prefer something they can see and touch. More commonly, 3D 

printer is a must have for new entrepreneurs. You can talk about a product; you can even 

model it in CAD software but until and unless you have the product in your hand you will 

always feel lack of some level of satisfaction. 3D printer relieves that itch in a very 

satisfying way.   

 1.5.4 Personalized products 

People want to look different than everyone else. Everyone wants one-of-a-kind 

product. This is the reason that the ‘designer labels’ are so expensive. No one wants off 

the rack stuff. 3D printer makes this possible for the artisan product to be made public. 

Take the design of an artist, or sketch an idea of your own using CAD software and 3D 

print it at your home and you will have something that no one possess hence making it 

invaluable. The need of uniqueness is growing steadily and 3D printer makes it possible 

to achieve this farfetched dream.  

Researchers have always been curious natured creatures. It is because of this 

peculiar nature that we enjoy a variety of different products every day. 3D printer is a 

dream come true for them as they can make custom made tools and things according to 

their need without having to explain it to anyone. Even the material used in this is limited 

to our imagination only. Anything that can be squeezed through a nozzle can be used for 

3D printing. A group of scientists playfully attempted to 3D print using granulated sugar 

as their material. Picture of their experiment is shown below. 
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Figure 6: 3D printing using granulated sugar as material [8] 

 

 

 

3D printer has the advantage of custom making any product based on our needs. 

How often a person wanders the street looking for something to buy but returns joyless 

because not everyone has the same taste and the products in the market are mostly 

produced in bulk quantities. 3D printer has changed the trend somewhat now. People has 

started 3D printing jewelry and much more. Some stores like shape ways and staples 

have started services where anyone can 3D print their own design. Just make a model and 

send it to them and they will 3D print it for you. 
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Figure 7: Detailed construction of the extrusion system in an FFF 3D printer 

highlighting the main features required for proper material extrusion [10] 

CHAPTER 2: LITERATURE REVIEW 

 

 3D printers were first developed in 1980s and over the years many new technologies have 

been introduced is addition to the improvements made in the already developed printers to 

minimalize or remove faults. A study was published in 2020 on Gaining a better understanding 

of the extrusion process in fused filament fabrication 3D printing. Among the technologies used 

for 3D printing, Fused film fabrication stands out the most and this study explains the 

optimization of the process by proposing analytical methods, establishing numerical techniques 

or experimental techniques. This review discusses the future perspective of 3D printing 

technology and the most relevant work from recent years [9-10]. 

2.1 FFF Extruder 

This printer uses a direct extruder type technology where the cold end and the hot 

end are connected together. This kind of printer offers clear prints and also the 

responsiveness to extrusion and retraction. 
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Figure 8: Large volume syringe pump extruder for desktop 3D printers [12] 

2.2 Syringe type Extruder 

FFF gets its important because of variety of fields it can be used in but some 

require some unique kind of printing or some unusual materials which can be printed 

using FFF. That’s where we have to rely on other 3D printer technologies to get our 

results. One of these technologies is 3D printing using syringe pump extruder. This is a 

type of 3D printer that is used mostly in the bioprinting, embedded printing and food 

printing.  

A key challenge faced in this type of printer is the volume of the syringe that is in 

use. You cannot increase the volume without compromising on the printing speed or 

printing Resolution. In 2018, a study was published for the syringe type 3D printer that 

has a large volume syringe pump extruder. Other advantage of this 3D printer is its 

compatibility with low cost, open-source 3D printer making it invaluable and affordable 

at the same time [11-12].  

Extruder can effectively store 60ml of ink in the syringe for printing. Minimum 

diameter of the nozzle is 100μm which enables it to print complex shapes with ease. In 

detailed picture of printer parts and the complete assembly are shown below. The 

extruder technology is Bowden type. Detail about Bowden type extruder is mentioned is 

section 4.2.  
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Figure 9:  Printer parts [12] 
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Figure 10: Depiction of the Screw 

extrusion Process 

2.3 Screw type extruder 

The extruder we used for this project is a screw type extruder instead of a syringe 

type extruder because the syringe type extruder requires a gap in the production in order 

to fill the syringe meanwhile the screw type extruders can have the advantage because the 

material can be constantly supplied. It’s not a direct extruder neither does it have the hot 

end because there is no material to melt. Instead, a mixture is inserted into the extruder 

from the top through a large external container from where the material flows towards the 

extruder and from there it is transported by screw to the nozzle opening. The screw type 

extruder also has the advantage of high pressure built which allows the use of small 

nozzle hence increasing resolution of print. [13] used this screw type extruder for instead 

of conventional FDM extruder. They placed a heater and a thermostat right before nozzle 

in order to provide control heating which is enough to melt the filament before reaching 

nozzle. [13] [15] 

A picture demonstrating the screw type extruder used in [13] is attached below.  
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Figure 11: Extruder screw [14] 

The printable material is entering through the inlet from where the screw drives it 

towards the nozzle. A heater is placed just before nozzle to melt the residue which is then 

extruded out from the nozzle. Another design for 3D printer using screw type extruder 

was proposed in [14] for the production of 3D ABS objects. In this extruder, compression 

of the printing material was also performed by the extruder. This main design perimeters 

selected by then were its channel (C), diameter (D), Flight land (E), Flight (F), Root (G), 

Channel depth (H), Tip (I), Key (J), Hub (K), Length (L), Pitch or lead (P), Shank (S), 

Helix angle (φ) and are shown in the figure below. 
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Figure 12: 3D printed prototype Fused deposition method [17] 

CHAPTER 3: 3D PRINTER TECHNOLOGIES 

 

 

 3D printer uses many different technologies to develop 3D structures and objects. Many 

of these methods are still in use while some have fallen by the wayside. This chapter will focus 

on different technologies of 3D printer or in simple terms, different types of 3D printers.  

 

3.1 Fused deposition modeling 

FDM is the most common type of 3D printer used now a days. It was developed 

in 1980s by Scott Crump from Stratasys. Many other companies use similar technology 

but under different names. Using fused deposition modeling you can not only make 

operational prototypes but also ready to use products as plastic gears or Legos. FDM uses 

engineering-grade thermoplastic so the printed items have excellent mechanical, chemical 

and thermal attributes which is quite beneficial for engineers and manufacturers. [16] 
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Figure 13: FDM process explained 

Printers that use FDM technology construct the model from the bottom-up, layer 

by layer by heating and extruding the thermoplastic filament. Specialized programs break 

the whole model into thin layers (thickness of a layer is equal to extruded layer of 3D 

printer) and then 3D printer forms these layers. The process is fairly similar to 

stereolithography. The filament is heated to the melting point and then extruded through 

nozzle. Extruder moves according to predetermined pattern determined by the slicer 

software or CAD model. The slicer software is connected to the 3D printer through a 

computer which translates the measurements of the object into X, Y and Z coordinates. 

Extruder and the base platform are controlled and also controlled by the slicer and follow 

controlled route as guided by the software. The extruder ejects plastic as it moves, this 

thin layer when come into contact with the layer beneath it, it melts and hardens and as 

the extruder completes a layer the base and the extruder return to the origin awaiting 

command for the next layer. A simple layout of FDM printer is shown below in which 

the extruder moves in X, Y axis and the table or base moves in Z axis. 
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Figure 14: Stereolithography [18] 

In terms of speed, fused deposition method is slower than stereolithography. The 

overall speed is depending on the size of the product and the complexity of the design. 

There are some design constraints using FDM (e.g., you cannot start printing a layer that 

has no base in the middle of air, the material will drop to the base), in some cases you can 

use some supporting material to help you get over these constraints. Nylon is generally 

used for supporting material meanwhile water-soluble wax or polyphenylsulfone (PPSF) 

is also common. When printing is complete you can simply remove these supporting 

materials and the design will hold.  

FDM technology is widely spread and it is in use for prototype development, 

product development and even end manufacturing. Its widely spread in automobile and 

toy manufacturers. By using FDM it is possible to construct complex geometries and 

cavities.  

We can use many different types of thermoplastics with FDM printers. The most 

common of these are ABS (Acrylonitrile Butadiene Styrene) and PLA (Polylactic Acid) 

plastic. 

 

3.2 Stereolithography (SLA) 
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Figure 15:  SLA Printing explained [19] 

SLA is one of the earliest methods used in 3D printer and it is still very much in 

use. SLA printer brings your model to life, whether it is a prototype or an actual 

mechanical part. The working of SLA is different from other printers in the sense that the 

liquid is not dropped in form of some ink from top. In Stereolithography, Liquid is 

present at the base of the container and a laser beam is shot from the top. This laser beam 

when comes in contact with the liquid, solidifies it. Hence, forming a solid layer at the 

bottom. The bottom platform is moved down by fraction of a millimeter, by a piston 

(generally) which holds the base. The laser beam is shot again at the liquid and another 

layer is formed. The path of the laser beam is controlled using a slicer software which 

breaks the model into layers. Bottom layer is formed first when the piston is at its 

topmost position at as it moves down middle layers are formed. The maximum height of 

the model is determined by the stroke of the piston. The working principle is described 

perfectly by the following figure. 
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Figure 16: Digital Light Processing 3D printer [20] 

Laser is shot at a scanner which directs it to the liquid photocurable resin below 

(according to the slicer model). The liquid solidifies as it comes into contact with the 

laser forming a solid layer. As a layer is completed the fabrication platform is moved 

downward by the width of a layer (usually fraction of a millimeter) so that next layer can 

be formed on top of the previous. 

The SLA approach not only allows more intricate features to be incorporated into 

the design but also it gives the designer freedom to produce precise and accurate parts 

with high quality surface finish, consistently.  

 

3.3 Digital Light Processing (DLP) 

  

 

 

The DLP printer works similar to that of an SLA printer. In Digital Light 

Processing printer light is reflected using micromirrors. The photosensitive liquid is 

placed in the fabrication platform below meanwhile UV light is reflected on to it using 
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Figure 17: Difference between SLA and DLP [19] 

micro mirrors and as the liquid is exposed to photons of light it hardens, forming a solid 

layer. The platform is lowered by the fraction of a millimeter and the liquid is exposed to 

light again forming another layer. The process is continued until the model is completed.  

The main difference between SLA and DLP is the light source, stereolithography 

uses a laser light and Digital Light Processing uses an Ultraviolent light. Also, In Digital 

Light Processing the light source remains stationery as it cures the complete layer of resin 

at one time meanwhile in Stereolithography Laser beam moves from point to point 

tracking the geometry. Difference between Stereolithography and Digital Light 

Processing is explained with the help of a picture below. 

  

 Digital Light Processing printers are very accurate as the minimum thickness for a 

layer can be set at 10 µm. Other than the accuracy the key advantage of DLP is the speed 

of printing. SLA printer is considered fastest generally but when you need to form a full 

layer DLP is much faster as it can form a full layer in matter of a few seconds. Another 

advantage is the cheap price of printers, DLP printers are very cheap when compared to 

other printers. 

 DLP printers are widely used for prototyping usually by engineers. Other 

common application of DLP is in production of jewelry, healthcare and souvenirs. An 

example of DLP is shown below depicting how intricate parts can be made. 
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Figure 18: DLP Printed part 

Figure 19: Selective Laser Sintering (SLS) [21] 

 

 

 

 

 

 

 

 

 

 

3.4 Selective Laser Sintering (SLS) 

  

 

Selective Laser Sintering (SLS) printer basic working principle is very much 

similar to Stereolithography (SLA). Unlike SLA and DLP that uses liquid in the container 

and then solidify it by using light wither laser or UV, SLS uses powdered material in the 
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Figure 20: SLS working principle 

base and solidify this material using some strong laser beam. Once a layer a formed the 

base platform moves down and another layer of powder is laid which is solidified using 

laser. The process continues until the model is complete. The basic working principle is 

explained with a figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

As I mentioned earlier, SLA and SLS technique are almost exactly the same but 

SLS has the advantage over the type of materials that can be used. Material used in SLS 

can range from Nylon, glass and ceramics to even metals such as aluminum, silver or 

steel. 

SLS printers uses high powered beam and hence they are quite expensive which is 

why they are used mostly in industries rather than by private entities. Nonetheless SLS 

printers are very accurate and material variety available make them even more handy.  
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Figure 21: Concrete 3D printer [22] 

3.5 Concrete 3D printer 

Concrete 3D printing is most commonly known as concrete printing. It refers to 

3D printing cementitious material using a CNC program and 3D printer technology. 

Construction industry has taken most advantage from this kind of printer for printing 

building elements, blocks, street furniture or civil infrastructure.  

Construction industry is one the biggest industry in the world. It consumes a very 

large chunk of manpower, time and money. Automating this field has been the focus of 

engineers since the beginning of 20
th

 century and the concrete 3D printer is the way about 

it. Two main methods for concrete 3D printing were established in late 90’s. First one is 

based on concrete layer extrusion and was developed at the University of Southern 

California's Information Sciences Institute, in the Viterbi School of Engineering. 

Meanwhile the second was demonstrated by Joseph Pegna which included binder jetting 

of cementitious materials. A simple 3D concrete printer is demonstrated below. 
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Figure 22: layered 3D printer working 
Figure 23: Actual layered extrusion 3D printer [23] 

 3.5.1 Layered extrusion 3D printing 

Layered extrusion 3D printing or fused filament fabrication is a wide spread and 

accessible 3D printer technology. It is called Fused filament fabrication only when we 

use polymers as feedstock. Other than polymer, concrete, clay and foams can also be 

used in layered 3D printing. This technology was first developed in 1990s by Behrohk 

Khoshnevis for concrete crafting. 

Working of the concrete 3D printer is much like other 3D printer technologies 

where it involves a numerically controlled nozzle. This nozzle can precisely extrude a 

cementitious material layer by layer. This nozzle is sometimes joined with a towering 

tool which flattens the 3D printed layer and cover the groove at interlayer grooves. 

Extruded layer varies in dimensions by printer to printer and is generally 5mm and few 

centimeters in thickness. 

The main advantage of layered extrusion 3D printer is that it doesn’t require a 

form work unlike concrete casting and spraying. It is significant because formwork takes 

a lot of time and resourced and according to a general estimate formwork takes about 50–

80% of the resources which is more than raw material, labor and reinforcement 

combined. 

The main challenge in the layered 3D concrete printer is the formation of cold 

joints at the interface between consecutive layers and the integration of reinforcement. 

The working of the layered 3D printer and ac actual printed is shown below. 
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 3.5.2 Binder jet 3D printing 

Binder jet technology was developed in 1993 for activating gypsum or starch 

powder or with water as binder and is also called binder 3D printing. Technique was 

successful and soon other materials such as sand and epoxy resin, acrylic powder and 

cyanoacrylate, aluminosilicate, sugar and water, metakaolin powder and sodium silicate 

etc. were also used as new powder and binder combination. A couple years later an idea 

to use this technology in 3D printer was proposed and that’s how we got ourselves binder 

3D printer. 

Working principle of the binder jet 3D printer is different than that of layered 3d 

printer. This technology works by depositing a liquid binder on a powder substrate, 

selectively. Layer by layer repeating this process gives us the finished product. The 

typical thickness varies between 0.2 and 2mm depending upon the shape and level of 

detail in the finished part.  

Two approaches used in binder jet concrete printing involve, Portland cement 

with water or water-based binder and injecting liquid cement paste into a bed of fine 

aggregates. Sorel cements and geopolymers can also be used instead of Portland cement 

in first case. 

Binder jet printer has the advantage over other concrete extruders in terms of 

geometrical independence. Complex shapes can be easily constructed using binder jet 

printing and also overhangs or hollow parts or even unsupported cantilever type structure 

can be easily made without requiring any auxiliary supports because it relies on bed of 

unbounded powder for support. 

The challenges faced while using binder jet printing is the recyclability of the 

unbounded powder. Typically, it is reusable but when cement or aggregate powder is 

used it cannot be reused because exposure to humidity can trigger the binding process. 

Another factor is post processing. Binder jet printing requires post processing to remove 

the unconsolidated powder mechanically. Brushes and vacuum tubes are used for it. 

Other than this heat treatment in controlled environment may also be needed using oven 

or microwave and to improve the surface quality of the part polyester or epoxy resin 

coating may also be needed.  
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Figure 24: Binder jet 3D printing [24] 

Figure 25 : Binder Jet 3D printer working 
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CHAPTER 4: EXTRUDER DESIGN 

 

 The objective of this study was to design a smart concrete 3D extruder and prototyping. 

Extruder can be considered as most important part of a 3D printer as it is responsible was 

drawing in the material, melting it (in 3D printers that require fused material e.g., FFD), and 

pushing out the material. The design of the extruder is very crucial and unless done accurately 

our printer cannot function properly. In our case we are using an aluminum housing for the 

extruder and the material from the container above will be drawn in using pneumatic pressure 

pushing from above. A leadscrew driven by a stepper motor will move the material towards the 

nozzle at the end which will push out the material precisely according to the numeric feed 

supplied.  

4.1 Extruder main elements 

An extruder has basically two main elements. First is the cold end which 

generally refers to the upper portion of the extruder where the filament is fed. The second 

is the hot end where filament is melted and squirted out. 

4.2 Extruder types 

Basically, there are two types of extruders depending upon the drive of the 

extruders.  First is the direct extruder. In this the hot end and the cold end are attached 

together. Advantage of this type of extruder is clear prints and also the responsiveness to 

extrusion and retraction. The second type is the Bowden type extruders in which there is 

a tube that extends from extruder to its hot end. This type of extruder prints faster with 

more precision and accuracy [25]. The working principle of each of these extruders and 

how they actually look are show below.  
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Figure 27: Real life Bowden type extruder 

Figure 26: Direct and Bowden type extruders [26] 

 

 

 

 

 

 

 

 

 

 

As demonstrated in the figure above, the main difference between the two 

extruder types is where the drive gear is placed with respect to the hot end. In Bowden 

type extruder drive gear is placed far from hot end hence making the extruder light 

weight and capable to move at high speeds easily. Meanwhile in direct extruder, the hot 

and cold ends are joined together. Real life picture highlighting this difference are shown 

below. 
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Figure 28: Real life direct extruder 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Stepper motor 

Selection of this motor is an important task as we need to make sure it has enough 

torque to push out the cementitious mixture as the leadscrew feeding the material to the 

nozzle needs to be powered by this motor. So basically, what we are looking for is a 

stepper motor/lead screw combination which can exert enough linear force to move the 

clay through the nozzle. 4 bars of pressure will be required for it. The rate at which the 

material is extruded would be determined by the stepping rate of motor.  
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Pressure  = 4 bar = 0.4 N/mm
2 

    Force exerted  = Pressure (N/mm
2
) * Area (mm

2
) 

= 0.4 * π * r
2
   

=0.4 * π * 32.5
2 

= 1320 N 

For the sake of safety and to make sure the system functions smoothly, I am rounding this 

up to 1400 N 

F = load on the screw   = 1400N 

dm = mean diameter  = 0.01m 

μ = coefficient of friction = 0.2 

 l = lead   = 0.002m 

  

Torque = 
   

 
  

        

       
  

I also used another formula which incorporated the angle of friction 

and lead angle just to be sure of my results.  

Φ = angle of friction = 11.3° 

λ = lead angle   = 3.6433° 

 

Torque = 
   

 
          

In both cases the torque came out to be 1.86 Nm and considering the torque 

we used Nema 23 stepper motor, it with 1.8 deg. step angle (200 steps/revolution). 

Each phase draws 4.2A, allowing for a holding torque of 3.0Nm(425oz.in) 
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Figure 29: Nema 23 stepper motor 

 

  

 

 

 

 

 

 

 

 

Stepper motor selection is very important because if we select a motor that cannot 

deliver the required torque it will have the most effect on printing quality. Motor has to 

drive the screw which is responsible for feeding the material to the nozzle opening. So, 

careful selection is ensured in case of motor. 

 4.4 Extruder Screw 

  The extruder design was finalized and the following screw was selected based on  

the availability of the market and the design finalized.  

Figure 30: Extruder Screw 
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The detailed design and the geometry are shown below 

 

Figure 31: Geometry 1 

Figure 32: Geometry 2 



33 

 

 

Figure 34: Geometry 3 

Figure 33: Finalized Screw 8mm and 10mm 
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CHAPTER 5: RESULTS AND CONCLUSION 

 

5.1 Prototype Development 

 The fabrication process consisted of two stages. In 1
st
 stage we finalized the extruder, 

motor and the motor hub. Assembly was designed in such a way that it can house two different 

kinds of motor and extruder of 8mm or 10mm can be used depending upon varying input and 

output conditions. The 1
st
 assembly and the parts used are shown below. 

 

 

 

 

 

 

 

 

 

Motor coupled with Screw extruder is displayed where the nozzle above is for concrete 

input which is the material for printing. The coupling is covered by an aluminum block and holes 

are drilled in to reduce the weight of the assembly. Moreover, extruder is force fitted through a 

bearing in the hub which also works as a seal to stop backflow. MS (mild steel) plate joins the 

extruder hub (which is screwed to the plate) and the coupling housing (bolted in). Nozzle is 

attached at the end of the extruder to deliver a smooth and precise output. Another picture with a 

side view is shown below. 

 

 

 

Figure 35: Motor and Extruder Assembly 
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This tank holds the concrete mixture which is supplied to the extruder for printing. The 

hole below is for feeding the concrete in. The concrete primarily flows in due to gravity but there 

is also an option to provide pneumatic pressure on the top. The tank and the extruder together are 

shown below. 

 

 

 

 

 

 

 

 

 

 

Figure 36: Motor and Extruder Assembly (side view) 

Figure 37: Storage tank (Front View) 
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These are the individual parts; all parts of the assembly are shown below.  

 

 

 

 

 

 

 

 

 

 

 

Figure 38: Extruder and Tank assembly (isometric view) 

Figure 39: Stage 1 all parts (a) 
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Figure 40: Stage 1 all parts (b) 

Figure 41:Motor Assembly 
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This is the 1
st
 phase of the fabrication process. In this phase the constant supply of the 

concrete was a problem. Concrete was too thick to be pulled by the gravity alone and even when 

we introduced pneumatic pressure the results were not satisfactory. To solve these problems, we 

decided to introduce a new type of container which will offer less resistance and a smooth flow 

can be ensured. 

 

 

 

 

 

 

 

 

Figure 42: Modified tank and Extruder assembly 
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Figure 44: Pneumatic cylinder and valves attached 

 

4v410-15 
Air Valve 

RE-02 
Air 
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Pneumatic 
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Figure 43: Pneumatic cylinder connected to tank 
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 In this stage, we installed Teflon tank for concrete storage and introduced pneumatic 

pressure. At the end we were able to get a uniform flow of concrete for 3d Printing. 

In terms of further improvements, we reduced the weight of the extruder to minimize the 

cost of operation. Instead of aluminum and cast iron we used plastic where possible. This helped 

us reduce the weight significantly thus allowing us to use smaller motor to move extruder in x-y 

direction. Final image of the extruder is as below. 

Figure 45: Final Shape of the extruder 
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Figure 46: Extruder and the Extruded Concrete Flow 

5.2 Results: 

 Our system has a capacity to operate at a minimum of 140rpm and a maximum of 

400rpm. The nozzle used has a diameter of 7mm. We calculated the flow rate of the concrete 

flowing out of the extruder using different concentration of water and grout and the results are as 

follows: 

 

Case 1:  

 Water = 60g         (33.33%) 

 Grout = 120g         (66.66%) 

Filling 

 Cylinder Length = 70mm 

  Pressure = 2 bar 

 

     Time taken (t) = 2 min 50 sec 

Extruder Concrete 
Flow started 

Consistent 
Concrete Flow 
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 Flow rate = 60g/min 

 

Solution is flowing out of the extruder at a rate of 60 g/min or 3.6 Kg/hr. 

 

 

 

Case 2:  

 Water = 27g          

 Grout = 70g          

Filling 

 Cylinder Length = 50mm 

  Pressure = 2 bar 

 

     Time taken (t) = 1 min 40 sec 

 Flow rate = 58.9 g/min 

 

Solution is flowing out of the extruder at a rate of 58.9 g/min or 3.534 Kg/hr. 

 

 

Case 3:  

 Water = 20g          

 Grout = 65g          

Filling 

 Cylinder Length = 70mm 

  Pressure = 2 bar 
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     Time taken (t) = 1 min 50 sec 

 Flow rate = 46.36 g/min 

 

Solution is flowing out of the extruder at a rate of 46.36 g/min or 2.7816 Kg/hr. 

 

Case 4:  

 Water = 30g          

 Grout = 60g          

Filling 

 Cylinder Length = 70mm 

  Pressure = 2 bar 

 

     Time taken (t) = 1 min 10 sec 

 Flow rate = 77 g/min 

 

Solution is flowing out of the extruder at a rate of 77g/min or 4.62 Kg/hr. 

 

 The extruder length is 80mm but since the mixture is not inserted at the starting point of 

the screw so effective length of the screw is about 55-60mm in this case. 
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5.3 Conclusion: 

3D printing has the potential and ability to radically change the construction industry as 

we see it now by enabling the creation of customized structures with reduced labor, material 

waste, and construction time. Screw type extruders is generally used. These extruders were 

developed to be used in the processes where constant feed is required or thick paste is to be used. 

Screw type extruders are used not only with concrete printer but also other type of printer like 

FDM. [13]   

 There are several challenges associated with concrete 3D printing, including the need for 

specialized equipment, the limited range of printable materials, the potential for structural 

defects, and the lack of standardized design guidelines and building codes. Research on concrete 

3D printing is still in its early stages, and there is a need for further investigation into areas such 

as material properties, structural design, printing process optimization, and environmental 

impact. 

 Another factor to consider while dealing with a 3D printer, 3D printer can create many 

various shapes and patterns, but it cannot totally replace a creative competent worker with 

original design ideas. A printer is only as good as the person using it, but an excellent craftsman 

is well-stocked with innovative thoughts to work with. So, while 3D printers might minimize 

worker stress, they cannot totally replace a skilled worker. 

 The goal of this research was to create a screw-type extruder for a 3D concrete printer. 

Different water-to-grout ratios were created and allowed to flow through an extruder at a 

constant pressure and cylinder length. It was discovered that when the grout proportion in the 

mixture increased, the flow rate began to drop. When the grout was 66.66%, the flow rate 

measured was 60g/min. When the grout was raised to 76%, the flow rate measured was 

46.36g/min. Increasing pressure and motor speed can both raise the flow rate. The weight of the 

extruder is kept as light as possible, aluminum and plastics rather than heavy metals are utilized 

to connect it to the printing system so that it can conserve energy while moving the extruder, 

resulting in better output. 
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