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Abstract 
 

Microfactories are small to medium scale manufacturing units with the ability to produce small 

dimension products. Their output can be scaled up by replicating such setups in large numbers 

(Descourvières et al., 2007). Specifically, additive manufacturing microfactories leverage 3D 

printing technology to develop an agile manufacturing environment: efficiently and economically 

producing mass-customized products (FutureBridge, 2020). The focus of this project is the 

design, manufacturing, and testing of a six-degree-of-freedom articulated robot to aid the 

automation of such microfactories. The implementation of automation retrofits, such as the 

robotic arm, will improve the productive capacity, return on capital, and safety of microfactories.  
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Introduction 

 
Skillset and interest alignment   
  

The skills required to design, build, and test a 3D printed robotic arm will include Computer 

Aided Design (CAD) software, basic workshop machinery (traditional subtractive manufacturing 

and additive manufacturing like 3D printing), and electrical & electronic experience including 

microcontrollers such as Arduino. Over the past few years, I have become familiar with the 

aforementioned skills through the numerous projects and prototypes I have built (which can be 

seen on appendix link I). These include, but are not limited to, previously using a range of 

microcontrollers, sensors, and motors (including steppers, servos, and DCs). The skills and 

nuances I have learned through this would prove invaluable in the manufacturing and testing 

stages of my EPQ.  

During the documentation and write-up stages, I found my patent writing experience has been 

of great help, especially since both, my patented device and my EPQ, are fairly technical and 

share the use-case driven development approach.  

Another reason I chose a project such as this, is because of the close overlaps it has with the 

university course I would like to study: Design and Mechanical Engineering. The technical and 

research skills I have learnt, as discussed in detail below, will be a great foundation for the 

projects I will be involved in at university.  

 

 

Use-case identification 
  

The concept for this project 

stemmed from a documentary I 

came across, which discussed the 

plethora of industries 3D printing 

technology could disrupt (VICE 

News, 2020). A concept that is 

commonly associated with 

industrial 3D printing is the 

adoption of microfactory based 

manufacturing. Despite the multi-

fold increase in efficiency and 

return on capital, there is still 

unused production capacity since 

machines need to be manned 

during the print cycle. Currently, the 

only step which does not require 

human intervention is the Printing 

stage. The aim of automation (Digital Alloys, 2017) 
Figure 1 
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retrofits, such as the robotic arm, is to minimise human intervention from the Physical Build 

Setup stage, to the Build Removal stage. This enables an increase in efficiency as the next print 

can be started before the Part Separation stage has been carried out on the initial print. Voodoo 

Manufacturing, a global 3D printing microfactory firm, stated that they found a three times 

increase in productivity when using Project Skywalker - an automation retrofit (Engineering.com, 

2018), a project that played a key role in my own research stage.  

 

This “harvesting” process accounts for 10 percent of the total work taking place in the 

factory, resulting in a 3x productivity boost for all of the machines that are being run with 

robotic arms. When Voodoo employees arrive to work each day, they simply collect the 

batch of parts made overnight, remove them from their beds, and perform the post-

processing required to ship the parts off to customers. 

(Engineering.com, 2018)  

 

The above statement was written by Michael Hou after an interview with Jonathan Schwartz, 

Co-Founder and CPO at Voodoo Manufacturing, in an article published on Engineering.com, an 

established site for developments in technology. Schwartz’s statement is fairly authoritative and 

reliable, as he is the Co-Founder of an internationally renowned manufacturing company. 

Although this may lead to the statement being slightly biased, as this would be in his benefit as 

a businessman. It is also fairly current as it was only written two year ago. 

Michael, the journalist, is the Editor in Chief at 3Dprint.com, an additive manufacturing news site 

which has articles written by well-established industry professionals and university professors.  
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Research stage  

Current industrial solutions  

  

Over the course of my research, I 

found that most current industrial 

solutions fell into either one of two 

categories: ejecting the part 

through a conveyor belt setup, or a 

pick-and-place robotic arm to 

replace the printer bed.  

 

Blackbelt’s solution (Figure 2) is 

made out of Carbon Fibre (All3dp, 

2017), this leads to an extremely 

high cost of prototype 

development and would also 

require extremely specialized 

workshop tools. I explored the 

idea to use alternative materials 

such as bendable acrylic sheets, 

although during the testing stage I 

found that the print would more 

often than not get stuck to the bed 

and would hence require me to 

use a metal blade to remove it. 

From this process I found that 

using materials other than carbon 

fibre would not work in the same 

way.  

 

The Stratasys design (Figure 3) 

makes use of a lateral blade to cut 

the flexible bed, and much like the 

problem I faced with the first 

design, I could not land upon a 

material that would:  

(i) be able to easily cut using a 

blade  

(ii) not melt due to the hot bed  

(Blackbelt, 2020) 
Figure 2 

(Stratasys, 2017) 
Figure 3 

(RBR, 2017) 
Figure 4 
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(iii) have enough adhesion with the PLA filament that the print does not warp during printing, 

due to the hot bed. This led to exploring the third potential solution, a robotic arm.  

 

Project Skywalker, a robotic arm developed and implemented by Voodoo (Voodoo, 2017), is 

based on the pick and place design. The arm (Figure 4) has a gripper mechanism to replace a 

used print bed with a new one. Following this, the signal to start the next print cycle is sent.  

 

Existing robotic arms   

  

Once I decided a robotic arm was the most viable prototype to build, exploring and analysing 

current open source designs was the next step. Most open source arms I researched had a few 

commonalities, (i) 3D printed (ii) 5 or 6 Degrees of Freedom (iii) Used an Arduino as the 

microcontroller. 

 

The term ‘Degrees of Freedom’ (DOF) refers to 

the number of independent movements a rigid 

body has (Zhang, n.d). For example, the 

articulated arm, also referred to as 

anthropomorphic robotic arm (Figure 5) has 5 

Degrees of Freedom. This allows for the end 

effector, labelled as 5, to reach any point in the 

operating space as shown in the figure below 

(Figure 6).  

 

The end effector refers to the part of the robotic 

arm that would be considered the ‘hand’, 

interacting with the environment, in this case - 

the printer bed.  

 

 

 

 

 

(Smlease, 2020) 
Figure 5 

(Massmind, 2020) 
Figure 6 
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When deciding which 3D models, I should use as the base to build my robotic arm, I came 

across a range of open source projects, each greatly varied in the depth of documentation. 

Skyentific's 6 DoF 3D printed arm is a well-documented project; the build process, and 

ultimately testing, is shown through a three-part YouTube video (Skyentific, 2017). The arm was 

designed and built in 2018, meaning that the technologies he uses are fairly current, with only 

minor updates of software like Fusion 360 and the Arduino IDE happening since. The Skyentific 

YouTube channel, which is run by an engineer with over 10 years of practical experience, 

focuses on building 3D printed robotic arms and has 58000+ subscribers (YouTube, 2020). 

From seeing multiple videos, it is evident that he actively replies to comments and questions. 

This makes the source current, reliable, and authoritative.  

 

Another source I heavily used is Toglefritz’s Instructable guide. ‘Build a Giant 3D Printed Robot 

Arm’ is a detailed documentation on how Scott Hatfield 3D prints and builds a 6 DOF robotic 

arm (Toglefritz, 2017). His project is based on BCN3D MOVEO’s ‘Fully Open Source 3D printed 

robot arm’ (BCN3D, 2019). It is constructed using ABS (Acrylonitrile butadiene styrene) filament, 

a common filament used in 3D printing. Although, the filament I had access to from school was 

mostly PLA (Polylactic acid).  

 

When weighing up if I should order, and hence wait for, ABS filament, I learnt that ABS is 

stronger, more flexible, and more durable (All3dp, 2019). Considering that the load on the 

robotic arm would be relatively low, at least for testing stages, I decided that I would go ahead 

and print using PLA filament, which I already had access to at school. Another factor that I 

considered was the safety of using these filaments in closed printing environments; in later 

stages of my project I found myself printing in my living room at home. PLA filament is safe to 

print without an extractor as it does not release toxic fumes, unlike ABS filament (All3dp, 2019). 

This information can also be found on numerous other websites; hence it can be taken as 

credible and reliable. All3dp’s articles are written by professional engineers, and are updated 

frequently to match any innovations in the technology, making this source current and accurate.  

 

With two fairly well documented open source robotic arms which I can use as reference, I went 

on to the next stage of the build: part selection and ordering.  

 

Part selection and sourcing 

 

Referring to the parts used to build Toglefritz’s ‘Giant Robot Arm’ (Toglefritz, 2017), I came up 

with a Bill of Materials (BOM). A decision I had to make was whether to use stepper or servo 

motors to actuate the arm. Both open source arms, referred to in the previous section, make 

use of stepper motors. Although, other arms which I came across in my research stage made 

use of servo motors. What I deduced from this research was that it mainly depended on the 

intended payload. Servo motors were easier to implement as they, themselves, are smaller and 

lighter as they are designed to carry a lower payload. On the other hand, stepper motors are 

much heavier, get hotter, and require much more current, although are able to carry a much 

larger payload.  



Navyansh Malhotra 
Engineering a robot to aid automated additive manufacturing microfactories 

www.navyansh.com/epq 
 

9 | P a g e  
 

The graph (Figure 7) compares the Torque-Speed relationship between stepper and servo 

motors (Gill, 2018). The red line represents the peak running of a servo motor, where 

excessively high currents are used hence not 

sustainable; the blue line represents the 

continuous running of a servo motor; the green 

line represents the continuous running of a 

stepper motor. When analysing the continuous 

running behaviour of the two motors, it is 

obvious that a stepper motor exponentially 

increases torque when speed (RPM) is 

reduced, as compared to servo motors which 

have a fairly constant torque despite the speed.  

Considering the intended speed of movement of 

the robotic arm (RPM required), and payload of 

the arm, I decided to use stepper motors.  

 

 

 

When choosing which stepper 

motors to use for each joint of the 

arm, I had to take into account the 

principle of moments: for 

transitional and rotational 

equilibrium there must be a 

resultant moment of 0 Nm 

(Thorogood, 2015). The diagram 

(Figure 8) represents the 

increasing moment acting upon 

each motor (joint), as it goes 

further away from the base. In 

essence, the motors closest to the 

base will need to have the highest 

payload capacity as they will 

counter the moments induced by the 

sections’ weight acting further away 

from the pivot.  

(Gill, 2018) 
Figure 7 

(Thorogood, 2015) 
Figure 8 
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Upon finalising the 

motors, I curated the final 

BOM (Figure 9). Most of 

the mechanical hardware 

components are fairly 

standard and were easily 

available from websites 

like Aliexpress.com. The 

stepper motors were 

ordered from omc-

stepperonline.com since 

they were fairly 

specialized and hence not 

as commonly available.  

One major problem I 

faced when ordering the 

parts was ensuring they 

would couple (join when 

assembling). This was not 

made easier by the fact 

that most of the 

Aliexpress descriptions 

were in Chinese. To 

overcome this, I asked a 

few of my friends for 

translation help. I also 

took a few risks with the 

parts as some of them 

lacked descriptions, and I 

had to decode the 

specifications from the 

photos provided.  

 

Another major decision I 

had to make was which 

power supply I would use. 

I was contemplating 

between a 12V and a 24V 

PSU. The RAMPS shield, 

to run the stepper motors, 

was made for 24V, Figure 9 
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although the Arduino board could only 

handle 12V. After a lot of testing and 

researching, I figured that the Vin pin on 

the Arduino is what led to the voltage 

limit, and if I managed to desolder that, I 

could connect the 24V 240W power 

supply to the RAMPS shield without 

burning the fuse on the Arduino. Since 

the position of the Vin pin was very 

awkward, I had to bend the tip of my 

soldering iron to be able to reach it 

(Figure 10).  

 

As I started receiving the orders, I started the build process. Below is a photo of the parts as 

they came during the peak of the lockdown. To document this further, I have created a video 

montage, referred to later. Along with the stepper motors, I received the respective data sheets, 

which allowed me to understand better the technicalities behind each stepper motor and how 

individual parameters were calculated.  

 

 

 

 

 

  

Figure 10 

Figure 11 Figure 12 
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The datasheet for the NEMA 14 motor (Stepperonline, 2020) 
Figure 13 

The datasheet for the NEMA 23 motor (Stepperonline, 2020) 
Figure 14 

The Torque-Speed curve for the NEMA 23 motor (Stepperonline, 
2020) 

Figure 15 
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Manufacturing stage  

 

 
Figure 16 

 

The Gantt chart above splits up the different stages of this project, right from ideation, to 

documentation. The below section highlights the building stage: 3D printing the parts, the 

mechanical & electronic assembly, and the coding.  

 

3D printing  

 

In order to 3D print a model, you need to design a Computer Aided Design (CAD) file. For this, I 

used Autodesk Fusion 360, a software I am familiar with for designing, editing, and testing CAD 

components. I was able to use a lot of the BCN3D files, after editing them slightly. This is an 

open source repository of STL files for 3D printed robotic arms. These files have been tested 

numerous times by 3D printing hobbyists and educators (BCN3D, 2019). I went through every 

part individually to ensure that they were designed for the parts I had ordered. One part for 
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example, the base rotating plate’s inner bolt’s spacing was 12mm, although I had to expand this 

to 15mm (Figure 17) so that the bolt would fit. 

This process was more complicated than I expected since the file from the open source 

repository for this part was a mesh file, which cannot be directly edited on Fusion 360. I had to 

therefore convert the file to STL using a process known as vectorising. I had never done this 

before, although it certainly proves a useful skill, especially for reverse engineering parts.  

 

 
Figure 17 

 

After ensuring all the parts’ designs were correct and would mate during assembly, I went on to 

actually print these CAD files. I was fairly familiar with the printers at school, and hence decided 

that I would print the parts there.  

When setting up the prints there were a few parameters that I could configure: Fill Density, Raft 

or Brim, and Quality of Finish. The fill density plays a pivotal role in the strength of the print, 

although there is an exponential relationship between time taken and fill density. After referring 

to numerous websites, and the DT teacher, Mr Bleach, I decided on printing at a 15% in-fill. 

Below (Figure 18) is an example of the interface of FlashForge, the software which interacts 

with the 3D printer.  
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Figure 18 

 

I had been fairly lucky that the COVID situation did not impact my project significantly, at least 

until this stage. In March, school closed, and hence I did not have access to the 3D printers 

anymore. I was done printing with around half the parts. Since I did not have a printer at home, I 

reached out to a Maker Community Facebook Group. That is where I got my hands on to an 

Ender 3, a large volume 3D printer I was kindly given to use free of cost. Although, the printer 

needed some fixing before it could be used.  

 

I had never built a 

3D printer before 

and hence opening 

up and replacing 

parts of a 3D 

printer was a new 

experience for me. 

After running a few 

tests, I realised the 

printer had a 

jammed nozzle. 

The stem of the problem was the deposited black filament 

Figure 19 

Figure 20 
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(Figure 19), this led the bowden tubing to melt and get blocked. The easiest solution would be to 

replace the part, and that is what I ended up doing. Although frustrating at the time, I definitely 

got a much better understanding of the inside working of a 3D printer.  

 

Below is an example of a part being fabricated, from the slicing stage to the post-print stage.  

The slicing stage refers to a CAD file being broken down into layers, converting designs into 

points on a cartesian plane, so that the nozzle of the 3D printer knows where to eject filament 

(All3dp, 2020).  

Appendix link III is a video I made showing how a part is broken down into slices, and how each 

layer is built up, making the final 3D printed part.  
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Once all the parts were printed, a process 

known as support removal had to be carried 

out on all the parts. Whilst I knew this was a 

tedious task, I did not expect it to take nearly 

as much time as it did. Supports are printed as 

part of the design as they allow for 

overhanging sections.  

 

After I was done printing all the parts I learnt 

about a filament (the plastic for the 3D 

printer) which dissolves in water (3DInsider, 

2018). Using a dual nozzle primer, you are 

able to simply dip the part in water to remove 

all the support structures. Although I had to 

do this using a knife, pliers, and a screwdriver 

for this project, it is something I will keep in 

mind for the future.  

 

Below (Figure 23) is a photo of all the 3D 

printed components, after which I started the 

assembly process.  

 

 

Figure 23 

Figure 21 

Figure 22 
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Assembly  

 

I started the mechanical assembly by inserting heat inserts into all the 

parts. Heat inserts add threads to thermoplastic parts, allowing nuts and 

bolts to be used (Hackday, 2019). I had around 50 inserts of various sizes 

to attach; I used a plain-vanilla soldering iron as a workaround to using 

the suggested tool (Figure 24), since shipping for this tool would delay my 

project.  

 

 

 

 

 

 

 

 

The design of the arm can be broken down into 3 main sections (bottom to top of the arm): 

Shoulder, Elbow, and Wrist. Each one is mechanically bound and controlled in the same way, 

the only difference being sizes. The sizes are designed in a way which allows for a ‘telescopic 

joint’ (Figure 28). Each joint has a 5mm stainless steel rod with 2 ball bearings on either side 

(Figure 29). The stainless-steel rod had to be cut to size using a power tool (Figure 27), since it 

was hardened 304 stainless steel (Makerslegacy, n.d).  

 

 

 

(Hackday, 2019) 
Figure 24 

Figure 25 Figure 26 

Figure 27 Figure 28 
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For every joint, the axle had a timing belt pulley (Figure 31). The other end of the timing belt 

would be connected to the belt pulley on the motors.  

 

The holes printed for the axle were exactly 5mm in diameter, although since the rod was exactly 

5mm too, the rod would not pass through. To overcome this problem, I had to use a blowtorch 

to heat the plastic slightly and push it inwards by increments of 0.1mm (Figure 31). I have learnt 

to keep a 0.5mm tolerance on either side when designing parts in the future.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29 Figure 30 

Figure 31 
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The figure on the right (Figure 32) shows the arm when the three joints were connected and 

attached. This was the first time the overall shape of an arm was starting to form, instead of just 

individual components.  

 

The final step of the mechanical build was attaching the 3 

sections to the rotating base mounted on a piece of plywood 

(Figure 33). This not only holds the main body and base 

motor in place, but also makes transporting the arm easier 

(for the testing stage).  

The images below (Figure 34 and Figure 35) show the cutting 

of the plywood followed by the mounting of the arm and the 

supplementary electronic components.   

 

 
Figure 33 

 
Figure 34 

Figure 32 
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Figure 35 

Figure 36 
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The final step to complete the entire build was the electronic system. This process happened 

after the Isolated component testing stage, detailed below.  

  

At the core of the electronics there are 5 main components: Arduino Mega, RAMPS 1.6 Stepper 

Controller, 24V 240W PSU, 6 DRV 8826 Stepper drivers, and the 6 Stepper motors.  

The RAMPS shield is placed on the Arduino control board, and for each axis, there is a DRV 

8836 stepper driver (Figure 36). The entire RAMPS shield is connected to the 24V power 

supply, and the Arduino is connected to a computer for control commands, as detailed below. 

There are only 5 controllers for 6 motors, as on the X-axis, corresponding to the shoulder 

section of the arm, there are two motors which run in tandem.  

 

Since I did not find a push button switch which was 

rated for 10 amps (the currents supplied by the 

power supply), there was no way of switching off 

the power supply to the robotic arm without 

switching off the mains. Therefore, I wired a plug 

which would control the power supply (Figure 37).  

 

Appendix link IV is a link to the time lapse which 

shows the full build process.   

 

 

Coding 

 

In order to run the mechanical side of the project, I had to upload code which could take 

commands and output the relevant signals to each of the motors as required. Most 3D printers 

are very similar in electronic architecture: A stepper controller with multiple stepper motors. This 

is what led me to repurpose open source 3D printer firmware. A common open source firmware 

for 3D printers is Marlin. Toglefritz’s robotic arm also made use of Marlin as the firmware 

(Toglefritz, 2017).  

 

 

 

 

 

 

 

 

 

 

 

Figure 37 
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Below is a screenshot of the code which runs in the backend (Figure 38). The only difference 

between the 3D printer firmware and this code is that the hotplate does not run in a robotic arm, 

and hence those pins are not enabled.  

Apart from the firmware of the robotic arm, I set 

up a system known as OctoPi. OctoPi is a 

remote monitoring system for 3D printers 

(Häußge, n.d). I was hoping to use OctoPi in 

tandem with the robotic arm to automate the 

microfactories. The OctoPi interface allows me 

to see the print in real time along with various 

other parameters of the 3D printer (Figure 39 

and Figure 40).  

 

 

 

 

 

 

 

 

 

 

 

Figure 38 

Figure 39 

Figure 40 
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The setup for OctoPi was based on documentation from the OctoPrint website; I went ahead 

and set up a bot for OctoPi which would send me a text when a print would finish or if there 

would be an error during the print (Figure 41). The aim of this would be to integrate it with the 

code of the robotic arm in order to automatically start the next print and alert the factory team 

when a print is finished, potentially allowing them to carry out remote quality control.  

  

 

 

 

  

  

  

  

  

  

Figure 41 
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Testing stage  

Isolated component testing  

 

To ensure all motors were correctly working, I tested them before attaching them to the 

mechanical structure first. To do this I sent GCode commands related to the individual axis the 

motors were connected to (Figure 42).  

 

By doing this not only 

did I get familiar with 

the sensitivity of each 

motor, but I was also 

able to finetune the 

motor drivers. This 

means adjusting the 

current output for a 

given motor, if the 

current is too high or 

too low, the motor will 

not rotate, but just 

vibrate and eventually 

burn out. Only after this 

process did I realise 

that this is why a motor 

had burnt out initially.   

 

When I was testing 

each axis’ motor, I 

realised that no matter 

which motor I 

connected to E1, it 

would not rotate. After 

searching for hours, I 

figured it was due to a set up command in the firmware, as shown on the lines with the red dots 

(Figure 43) (Sarf2k4, 2020). After changing the number of configured extruders in the setup file, 

all the motors worked perfectly.  

Figure 42 
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Figure 43 

 

The final individual component I tested was the electromagnet for the picking mechanism. I 

ordered an electromagnet which had a 10kg holding weight rating, although when I connected it 

to the Arduino, it could barely hold a paper clip. I learnt that electromagnets can usually hold 

only 5-10% of their rating (Adafruit, 2019). This meant that if I were to use an electromagnet to 

lift the print bed, I would require one which can hold 100kg. This is not viable as the magnet is 

the end effector, and a 100kg holding weight electromagnet would weigh at least 15kg, not 

feasible for the robotic arm build. This is what led me to explore other alternatives which have 

still not been finalized. This is definitely something I did not expect and may hinder the ability for 

the robotic arm to do a full demo of lifting a printer bed, although I am still testing alternatives 

such as a forklift mechanism.  

 

System testing  

  

With all individual components working, I went on to test the electronic and electromechanical 

system when fully integrated. The first problem I faced was that when controlling the shoulder 

axis, it would never move despite the audible moving of the motors. 

After tracing the wiring back, I realised this was because the motors were meant to rotate in 

opposite directions and hence had to be connected in mirror image. The other problem I faced 

was that the pulley belts were not tight enough, causing teeth to skip when rotating. To 

overcome this, I made use of the screw tighteners.  
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In order to control the axis, I used a software called Pronterface. This is a graphical user 

interface which converts buttons to GCode commands (Figure 44).  

 
Figure 44 

The commands in Pronterface are relative commands, meaning the arm would move 5 mm from 

the current position rather than to a position defined as 5. This difference between absolute and 

relative positioning is a concept I learnt during the testing of the robotic arm.  

 

With all the mechanical and electronic systems working, I was able to control the robotic arm to 

go from position A to position B. Appendix link V shows the aforedescribed. The movement of 

the arm was much more jagged than I expected, and the controlling of the arm is much harder 

than I thought, although I think those arose due to both software and hardware shortfalls. For 

example, the gaps between the couplings in the prints means that there is backlash in certain 

directions, reducing the accuracy and precision of the arm.  
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Figure 45 
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Project summary  

Key learnings and conclusion   

  

With the robotic arm working, and able to go between defined positions, I have definitely learnt 

numerous technical skills, but also invaluable project skills including research and 

documentation.  

 

I had never done a project of this scale before, and despite the numerous challenges and 

setbacks faced, I was able to work through each one of them logically to bring this project one 

step closer to completion. Whilst the arm does perform the minimum expected function, the 

accuracy and smoothness of operation is something that I can definitely improve on. I would 

also like to test the arm in a real microfactory setting when I finalise the design for the end 

effector, since that would prove and validate my hypothesis for this project: using automation 

retrofits to improve the productive capacity, return on capital, and safety of microfactories. 

 

“This automation retrofit will reduce costs and increase efficiency and safety of 

the 3D printing microfactories: a pivotal part of the supply chains of tomorrow”  

 

Hakon Ellekjear summarised the project in the above statement when I demonstrated it to him. 

Ellekjear is an engineer from NTNU and currently is head of a 3D printing venture in the 

maritime space. He has spoken at multiple global supply chain and innovation events and is 

well regarded in the industry. Since his quote was directly related to my EPQ project it is 

extremely purposeful and relevant.  

 

The appendix contains links to various documentation of the build process and testing of the 

robotic arm.   
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Appendix 

I. Project Portfolio - www.navyansh.com  
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II. EPQ website - www.navyansh.com/epq  
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III. CAD model made up of layers - https://cutt.ly/XhWGjD6 

 

 

https://cutt.ly/XhWGjD6
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IV. Build montage - https://youtu.be/BSCzHgXCamc  

 

 

https://youtu.be/BSCzHgXCamc
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V. Robotic arm picking up a printer bed - https://youtu.be/DRXlUrvvbiI  

 

 

 

https://youtu.be/DRXlUrvvbiI

