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Abstract 

 The purpose of this project was to develop a 3D printer that can print multiple 

durometers, or hardness, within one printed part. This project was created by Raytheon so tthey 

could develop anti-vibration housings for their electronic components that experience vibrations 

during flight. Team 16077 was successful in developing a printer. To achieve the result, the 

hardware and software of a commercial 3D printer were modified. The entire existing extrusion 

system was replaced with a dual extruder system with a tubing design to be able to extrude 

multiple filaments (a soft and a hard filament) at once. The nozzle was replaced with a mixing 

nozzle so that the two filaments can create a range of durometers. The firmware of the printer 

had to be rewritten to accept G-Code commands to run both the extruders at once at varying 

ratios. A standalone graphical user interface (GUI) was developed to give the user an easy way 

of modifying their existing G-Code file to include the mixing ratios and commands. The results 

show that the printer can achieve a range of durometer from 84A to 75D Shore hardness. 

Furthermore, the printer was successful in printing a multi-durometer part that mitigated 

vibrations. 
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Scope 

Shock and vibration mitigation is a growing concern when dealing with sensitive 

electronics, especially those electronics that are placed in fast moving vehicles or 

projectiles. As a result of this problem, there is in an increasing demand for cheap, 

successful mitigation methods. Current methods of mitigation have been shown to be 

both time consuming and expensive, thus Team 16077 has been tasked with the 

development of a Variable Durometer 3D Printer that can facilitate the implementation 

of shock and vibration mitigation in its prints. The printer shall vary the durometer of its 

designed prints by printing a mixture of two variable durometer thermoplastics at 

specified rates through a single extruder head. The prints will be able to mitigate 

vibrations to electronics placed within them, based on the varying durometer sections. 

 

Due to time constraints and the expertise of the team, the team and sponsor decided to 

modify an existing printer design with the variable durometer capabilities. After 

simplifying the design it was determined there were three components for this project: 

printing material optimization, print head mechanical design, and software development. 

Determining thermoplastic filaments for the prints were based on research in the 

following areas: compatibility, printing temperature, and tensile modulus/Shore 

hardness. The software package was a combination of modifications to the current 

printer’s firmware along with an executable file that will modify the G-Code from the 

slicing program via a graphical user interface (GUI) for simple use. A mechanical 

modification to the extruder head will also be necessary to accommodate for the mixing 

of two different materials. As a result of these modifications, the technical data package 

(TDP) attached contains the necessary software/firmware implementations, mechanical 

Solidworks designs for the extruder head modifications, and materials analysis. The end 

result of the design will allow for a user to computational slice a desired printing design 

into sections of varying durometer and print the final product.  

 

The following statement of works (SOW) was developed for the 2016-2017 year: 

 
1. Team 16077 shall perform a Functional Requirements Review* (FRR) and develop a 

system concept for completing the goals of this proposal. The team will construct a 

Concept of Operations document in order to supplement the FRR to be performed on or 

before September 20th, 2016. 
2. Team 16077 shall compile the given requirements from the Functional Requirements 

Review as well as create a more in-depth list of deliverables. At the conclusion of this 

analysis, the team shall complete a System Requirement Document (SRD) by October 

20th, 2016 to be approved by mentor and sponsor. 
3. Team 16077 shall conduct a concept design synthesis for the software and physical 3D 

printer hardware. Concurrently, the team will conduct experiments and review current 



research in order to investigate and determine the best materials to be used for 

mixing/melting capabilities for various durometer syntheses. At the conclusion of these 

activities the team shall present a Preliminary Design Review* (PDR) on or before 

November 22nd, 2016. 
4. Printer assembly and initial testing of the commercial printer will begin prior to the 

designated break period starting on December 8th, 2017. The goal is to gain familiarity 

with 3D printer functions and software. 

5. The finished detailed design Critical Design Review* (CDR) will be completed by 

January 24th, 2017 to approve the final design for the specified project. 
6. Printer modification period begins on February 1st, 2017 - nozzle modification, 

software/firmware development, and incorporation of chosen thermoplastic filaments. 

7. Test Readiness Review* (TRR) on or before March 7th, 2017 to review and approve 

designed tests to analyze final product. 
8. Begin integration of developed software and firmware updates. 

9. Begin system testing for approved functional requirements, such as durometer and 

vibration reduction, on April 3rd, 2017. Most testing can occur at any location, while 

vibration reduction will be tested at Modular Mining Systems. 

10. Final Acceptance Review* (FAR) on or before April 20th, 2017 to review final testing 

and results to be presented on Design Day. 
11. Update final Technical Data Package (TDP) prior to the final report. 

12. Presentation of project via a detailed poster for Design Day on May 1st, 2017. 
13. Final Report and System Delivery to Raytheon on May 4th, 2017. 

 

 

 

  



 

System Description and Diagram 

 

The overall system design is a variable durometer 3D printer that is connected to a 

computer with a Windows 7 platform via standard USB. Provided below are two block 

diagrams outlining the functional and system components of the printer (Figures 1 and 

2). The current design proposed and approved is a printer with the capability of mixing 

two thermoplastics (soft and hard) to achieve prints with variable durometer. There are 

essentially three subassemblies to this design: thermoplastic material, mechanical 

mixing design, and software design. The thermoplastic sub-portion of this project was 

primarily determined via research and testing to ensure an accepted durometer range 

along with efficient mixture of the two materials. The testing also aided in determining 

percentage relationships between the thermoplastics for a final print with a certain 

desired durometer. Based on research literature and melting of the plastics, three 

materials were chosen for a possible final material: thermoplastic polyurethane (TPU), 

polylactic acid (PLA), and nylon (carbon-infused vs. normal). The final thermoplastic 

chosen for the design was PLA. 

 

As mentioned previously, the main 3D printing software and mechanical design was 

purchased in the form of a current commercialized 3D printer. Based on a trade study, 

the Lulzbot TAZ5 was chosen and was modified via software and mechanical additions. 

As shown in Figure 2, the majority of the main system is provided with the TAZ5. The 

TAZ5 is a standard plastic 3D printer with multi-axis movement (X,Y, Z) powered by 

motors attached at the appropriate axes. Additionally, the printer has a heatable 

borosilicate glass bed printing platform that moves along the y-axis that is covered in a 

printer-friendly PEI surface. It is important to note that sometimes additional coverings 

are necessary, such as painter’s tape, to aid in print adhesion. The final component 

provided by the TAZ5 is the standard power supply (100-240VAC) and the internal 

RAMBo hardware and Marlin firmware. After trial and error, it was determined that the 

optimal software to develop the G-code from the STL files should be Slic3r, which is 

open source. 

 

Beyond the main printer mainframe there are additional components, both purchased 

and fabricated, that contribute to the mechanical components of the design. The 

purchased components include the dual extruder, diamond hotend, and Bowden tubes. 

The fabricated components of the mechanical design include the extruder/motor mounts 

and Bowden couplers. Additionally, a modification was made to the dual extruders by 



enlarging the output holes slightly with a drill to accommodate the Bowden couplers. 

The diamond hotend and dual extruder were purchased to allow for mixture and 

extrusion of the two thermoplastics simultaneously. Due to weight constraints, mounts 

were fabricated for both the dual extruder and the diamond head to separate the 

components in order to not diminish the movements of the extruder during printing. 

Additionally, there would have been extra vibrations with the movement of the print 

head, resulting in poor prints. The Bowden tubes and couplers were utilized to maintain 

a clean and sleek transfer of the filaments from the extruders to the hotend head. 

 

The second major component of the design is the software component that alters the 

printing G-code to allow for variable printing by extruding the filaments simultaneously at 

varying rates. An important component of the software is that it must be compatible with 

Windows 7, so it was decided to package it is an executable file as shown in Figure 2. 

As mentioned above, the design calls for a secondary open-source software (Slic3r) 

that allows the user to slice the STL file and generate the preliminary G-code, which 

includes all printing parameters. The preliminary G-code is then used as an input into 

the fabricated software to pair desired durometers with certain parts of the print via 

toolhead number. The fabricated software has been designed to provide the user a 

graphical user interface (GUI) for ease, and to avoid any issues of incorrect inputs. A 

secondary portion of the software included a change to the printer’s firmware to allow 

both extruder motors to run simultaneously, as the original firmware stopped this as a 

precautionary action. 

 



 
Figure 1. Functional Block Diagram of Printer System. 

 



 
Figure 2. System Block Diagram of Printer System. 

 

  



 

Drawings  

There were three drawings for the modifications of the printer: the diamond hotend 

mount, the dual extruder mount, and the bowden guide. For the actual testing of the 

design, there were 4 drawings of printed parts: the dog bone, control vibe tester, simple 

ring vibe tester, and advanced reduction vibe tester. All drawings can be found in 

Appendix 1. 

 

Indentured Drawing List 

ID Part Quantity 

1 Dual Extruder Mount 1 

2 Diamond Hotend Mount 1 

3 Bowden Coupler 2 

4 Dog Bone 1 

5 Control Vibe Tester 1 

6 Simple Ring Vibe Tester 1 

7 Advanced Reduction Vibe Tester 1 

 

 

1. Dual Extruder Mount - The dual extruder mount was designed to encase the 

dual extruder itself. It is a shallow tray with an indent to encompass the dual 

extruder, and a sturdy frame around the edge to keep it in place. It has four “legs” 

to hang over the edge of the printer and hold it firmly in place against the printer 

frame. There is a small hole in every corner for zip ties to access. There is also a 

hole at the edge of the indented tray to secure the dual extruder to both the 

mount and frame with a zip tie. 

 

2. Diamond Hotend Mount - The diamond hotend mount was designed as the 

support for the diamond hotend nozzle, to support the weight of the nozzle on the 

printer carriage. It is a thick plate with a rounded triangular hole for the insertion 

of the diamond hotend and three tabs to hold the part steadily in place. There are 

three small holes on the ends of the triangular hole for the threading of zip ties to 



attach the hotend. There are also two holes in the back of the model sized for a 

.18’ screw to be inserted (for attachment to the printer carriage). 

 

3. Bowden Coupler - The bowden coupler was created for the purpose of guiding 

the bowden guide out of the dual extruder to the printer. It is a simple design, a 

cylinder with a thinned section in the middle to fit the tabbed frame of the dual 

extruder. It has a hollow section down the length of the cylinder for the bowden 

tubing to be threaded through. 

 

4. Dog Bone - The dog bone design was utilized for measurement of the varying 

durometer capabilities of the final 3D printer. The design was sliced into 5 

sections of varying hardness (0%, 30%, 50%, 70%, 100%) to be measured by 

the handheld durometer testers. 

 

5. Control Vibe Tester - The control vibe tester was designed to be fixed onto the 

vibration table as a control for vibration reduction. It was composed entirely of 

hard PLA to determine the peak frequency and G-force. 

 

6. Simple Ring Vibe Tester - The simple ring vibe tester was designed exactly the 

same as the control, but with a ring in the middle for vibration reduction. This 

design was composed entirely of hard PLA, except for the ring, which was 

composed of soft PLA. It was utilized to determine vibration reduction from 

integrating soft PLA within the design. 

 

7. Advanced Reduction Vibe Tester - The advanced reduction vibe tester was 

designed similarly to the other two testers, except it utilized a unique design 

recommended by the Raytheon sponsor for vibration reduction. The core design 

remained the same, except the ring in the middle was widened and included 

circular holes evenly spaced throughout it. This design was composed entirely of 

hard PLA, except for the ring, which was composed of soft PLA. 

 

 

 

  



 

SW Design Documents 

 

Two major software developments took place in the project. The first was the 

development of the GUI, which allows the user to manipulate the print GCODE to 

specify their desired durometers on their printed object. The second was the 

modification of the latest Marlin firmware used by the printer, which allowed for the 

mixing tool commands.  

 

1. GUI 

1a. Scope.   

The VD3DP G-Code Mixer Guided User Interface is a MATLAB standalone 

executable that modifies a .gcode file for multi-durometer 3D printed part. 

  

1b. Identification.   

 

Identification 
Number 

Title Abbreviation Version 
Number 

Release 
Number 

1 VD3DP G-
Code Mixer 

GUI 3 1 

 

  

1c. System overview.    

The purpose of the GUI is to give the user (Raytheon) of the VD3DP an easy 

method of modifying the G-Code for their 3D part to allow for filament mixing to 

create different durometers within the part. The GUI is a standalone MATLAB 

executable that was created in MATLAB using the MATLAB GUIDE tool. The 

program started as a simple search and replace text algorithm. User inputting 

and controls were added. It was later transformed into a graphical user interface 

(GUI) to allow for ease of use and simplicity. To run this program, the user must 

have MATLAB Runtime installed (MATLAB Runtime is a free software provided 

by MathWorks). Upon opening the program, the user will see the main GUI 

screen which is pictured in Figure 2 in Appendix 2. Next the user clicks “Choose 

G-Code File” which then allows the user to navigate to their desired input file 

using File Explorer. Next the user inputs the desired hardness ratios. Then the 

user clicks “Create Edited G-Code”. This creates the modified .gcode file. The 

user then clicks “Close” to end the program. 



  

1d. Document overview.   

The purpose of this document is to detail the design of the VD3DP G-Code 

Mixer. 

  

2. CSCI-wide design decisions.   

  

a. The GUI accepts an input of either a .gcode or a .txt file. While the program is 

running, the program accepts a user input of integers to indicate the hardness 

ratios. The user may also click the “Close” button to clear and end the program at 

any time. It produces a .gcode file. This decision was made because the files 

used to communicate instructions to 3D printers are .gcode files, and .txt input 

was allowed because a G-Code can be written in a .txt format. 

  

b. The first input is the “Choose G-Code File”. When the user clicks this button, 

the File Explorer pops up and allows them to navigate to their desired .gcode or 

.txt file. If the user does not select a file and clicks cancel, they are returned to 

the main GUI page. When the user inputs a file, the program first reads through 

the file and counts the tool changes which appear in the file in the format “T#”. 

The tool counting algorithm is a simple loop which goes line by line and looks for 

matches to the regular expression 'T\d'. The program only allows for a file with 

less than or exactly 10 tool changes. If the user attempts to input a file with more 

than 10 tool changes, the program notifies them with an error and allows the user 

to input a different file. The GUI will then show text input boxes for the user to 

input the desired hardness ratios for each tool head that was counted. The 

program will report an error if the user inputs anything that is not an integer from 

0 to 100 and allow the user to re-enter the desired hardness ratios. When the 

user clicks “Create Edited G-Code”, the program inserts lines of G-Code to the 

original file and outputs a new file to the user’s Temp folder. 

  

c. To allow for flexibility within the program, MATLAB was chosen as the 

programming language because of its extensive library of functions and 

capabilities. To allow for availability, the program was packaged as an 

executable so that it could be run on computers that do not have MATLAB 

installed. 

   

3. Requirements traceability. 

  

a. The GUI complies with the requirements specified in the VD3DP SRD: 

 



1. (3.3.2) Operating System Compatibility – The software shall run and be 

compatible with the Windows Operating System, specifically with the 

Windows 7 version. 

2. (3.3.4) Functionality – The system shall not require the download of a 

secondary proprietary software or operating system in order to run on any 

given Windows compatible computer. 

  

4. Notes.   

 

a. GUI - Graphical User Interface. 

 

2. Marlin Firmware Modification 

1a. Scope.  

The Marlin Firmware is what drives the operation of the VD3DP. It processes the 

G-Code commands and parses them to the printer.  

 

1b. Identification.   

 

Identification 
Number 

Title Abbreviation Version 
Number 

Release 
Number 

2 Marlin_Worki
ngCopyFIX2 

Firmware 1 1 

 

1c. System Overview.  

Modifying the firmware was an unexpected part of the project. The stock TAZ 5 

firmware currently does not support simultaneous dual extrusion. As a result, the 

latest release of Marlin was modified to be able to process the simultaneous Dual 

Extrusion commands from the G-Code. The purpose of these modifications is to 

allow the firmware to process the different G-Code commands from the modified 

G-Code files that the VD3DP GUI produces.  

 

1d. Document Overview.  

This document will outline the modifications made to the Marlin firmware for 

compatibility with the VD3DP system.  

 

2. CSCI-wide design decisions. 

 

a. Note: Three files were modified for the VD3DP. They are the configuration.h, 

configuration_adv.h, and the pins_RAMBO.h. These three contain the 

parameters that apply directly to the TAZ 5. The modifications made are listed  



in Figures 3-7 In Appendix 2, in order for the Firmware to be compatible with 

the TAZ 5, these parameters must be set in their respective files.  

 

b. The First File is Configuration.h, This file contains the configuration 

parameters that will enable the use of the TAZ 5. They contain information for 

the LCD controller support, the RAMBO board specification, and most 

importantly the Mixing Extruder Definition. Refer to Figures 3 - 11 for the 

proper configuration settings. The Mixing Extruder definition allows us to use 

the commands M163 and M64 to create virtual extruders which control the 

feeding ratios for our printer’s extruder motors. 

  

c. The second file in question  is the configuration_adv.h file. For the most part, 

this file is not heavily modified and should only be manipulated by someone 

familiar with the firmware. There is only one section that was modified here, 

the thermal  settings. These settings were adjusted through careful fine tuning 

of the printer. Before they were adjusted, the printer would constantly error 

when pre-heating. These parameters were changed to fix some of the 

preheating and temperature polling issues which were causing undesirable 

behavior.  

 

d. The third file is the pin configuration for the RAMBO board and is called 

pins_RAMBO.h. This file sets the inputs and outputs for the board. In order to 

achieve proper functionality they should be set according to figures 13-16 In 

Appendix 2. The Marlin configuration for the RAMBO board was correct for 

the most part. They were compared to the stock TAZ 5 Marlin Firmware pin 

configurations to ensure accuracy.  

 

e. The Modifications were made and flashed to the controller using the 

ARDUINO IDE.  

 

3. Requirements Traceability.  

 

a. The GUI complies with the requirements specified in the VD3DP SRD: 

 

1. (3.4.5) Variable Printing –The printer shall be able to print multiple 

durometers within the same printed part. 

 



Acceptance Test Procedures 

Procedure 1 

Durometer Testing 

The purpose of this test is to find the durometer of various printed ratios. This test will 

prove the functionality of the Variable Durometer printer.  

 

The test piece is a printed part which is sectioned by hardness ratio (100%, 70%, 50%, 

30%, 0%). Each section is a flat plane a few millimeters thick and an inch wide, which 

will allow the testing device to measure a solid area of the given durometer. 

  

The required test is to ascertain with a hardness tester that our printer will print various 

durometers within a single part. It will also ensure that our prints will encompass the 

stated range of shore hardness 85A-70D. 

 

The test equipment we will be using are handheld Shore A and Shore D Digital 

Hardness scales. Shore A will be used on the softer prints and Shore D on the harder 

prints (determined by if the Shore A reading exceeds 100). To use, the user simply 

turns on the scale, and presses it vertically into the material in question. The value is 

then read from the digital screen and recorded. 

 

 Procedure: 

1. Lay the test piece on a flat surface 

2. Turn on the Digital Hardness Scale 

3. Press the scale vertically into the test area with a constant force (Figure 1 in 

Appendix 4) 

4. Record value - If Shore A scale exceeds 100, Shore D scale is used (a 

conversion can be completed) 

5. Repeat 10 times 

6. Average result 

  

See Appendix 5 for ATP Data Sheets. 

 

Procedure 2 

Vibration Reduction Testing 

 

This test is designed to determine the overall viability of the printer to produce vibration 

reduction mounts/enclosures using variable durometers.  

 



Three vibration reduction mounts were designed to test the limits of the printer. The 

design drawings can be found in Appendix 1, drawings 5-7:  

1) Control Vibe Tester: The control is printed entirely of Hard PLA, it is important to 

test against the control to see how our vibration reduction efforts in the later 

models perform.  

2) Simple Ring Vibe Tester: This model incorporates a thin ring of soft PLA between 

the center platform, and the outside mounting ring.  

3) Advanced Reduction Vibe Tester: This design made use of the relationships 

between frequency, mass, and material stiffness. Frequency is inversely 

proportional to mass and directly proportional to material stiffness, with this in 

mind, the stiffness of the center ring was reduced by adding holes along the 

circumference of the middle ring. The mass of the center platform was increased 

by increasing its thickness.  

 

3.2.3.3 Test requirements.  

a.     In order to properly analyze the vibration reduction capabilities, a Sine 

Sweep should be conducted to find the frequency at which the peak force 

response occurs in the control design. This peak will be used as a base for 

future comparisons of different designs.  

b.     The only performance requirement is the reduction in vibration.  

  

3.2.4 Required test equipment.  Includes the following for each piece of test equipment 

required to perform the procedure: 

1) Electrodynamic Shaker (Appendix 4 Figure 2) 

a) The vibration platform is used to vibrate the test piece at different 

frequencies.  

b) Model S452 

c) UNHOLTZ-DICKIE CORP 

d) Required frequency range 0-2000 Hz 

2) Accelerometer (Appendix 4 Figure 3) 

a) Accelerometers are used to measure the G-Force experienced by 

whatever object they are attached to.  

b) Model number N/A 

c) For this Experiment we will need three accelerometers: one on the outer 

mounting ring, one in the center platform, and one on the vibration table to 

use as a control.  

3) Signal Conditioner (Appendix 4 Figure 4) 

a) The signal conditioner processes the signal from the accelerometers 

attached to the device.  

b) Model CVA-4  



c) Manufacturer UPHOLTZ-DICKie CORP 

4) Loctite Instant Adhesive (Appendix 4 Figure 5) 

a) Loctite instant adhesive was used to fasten the accelerometers to the test 

piece.  

b) Part No. 12292 

c) Manufacturer: Loctite 

5) Loctite Accelerant (Appendix 4 Figure 6) 

a) This is used as an accelerant in the bonding of the accelerometers.  

b) Part No. 7452 

c) Manufacturer : Loctite 

 

3.2.6 Step-by-step procedure.   

1) Begin by placing the device under test ( DUT ) directly on the vibration platform in 

the desired position. (Appendix 4 Figure 7) 

2) Use a transfer punch to mark the location of each mounting hole on the vibe 

table.  

3) For this test, we used 6-32  screws to mount the DUT. Drill the previously marked 

holes using an appropriately sized drill bit. (Appendix 4 Figure 8) 

4) Use a 6-32 screw tap to tap the drilled holes.  

5) Mount the DUT using 6-32 screws of an appropriate length and torque to 8.75 in-

lbs. (Appendix 4 Figure 9) 

6) The vibration table already has a control accelerometer mounted to it. Decide on 

the optimal placement for the rest of the accelerometers. For this test, they 

should be placed on the outside mounting ring, and the center platform. Ensure 

the accelerometer wires do not lie directly on any sharp edges or corners. 

(Appendix 4 Figure 10) 

7) Perform a resonance search at 0.5 G sweeping a range of 0-2000 Hz using the 

computer software.  

8) After the Resonant frequency is found, use the same test parameters to test the 

other two vibration dampening models. Record the peak force experienced by 

the center accelerometer and the frequency at which it occurs.  

 

See Appendix 5 for ATP Data Sheets. 

Models/Analyses 

Due to the design of this project, there were three analyses performed: one for the 

mechanical sub-assembly, one for the materials sub-assembly, and one for the weight 

requirement. The major component of this project was software, which could not provide 



an analysis, while most mechanical adjustments could not be verified by any of the 

specified requirements. 

 

1. Stress Analysis: This analysis was to confirm that the diamond hotend mount 

would pass a stress analysis and not bend with the weight of the diamond hotend 

attached. The mount was treated as a cantilever beam with a hole in the middle, 

and the weight of the hotend was the force, applied at the center of the hole of 

the mount. It was found that all stresses were less than .2 psi, much much 

smaller than the ultimate strength of the ABS plastic material (~5 psi). 

Calculations can be found in Appendix 3. 

 

2. Materials Analysis: The materials analysis was completed to confirm which of 

the possible thermoplastics would be the best to incorporate into the variable 

durometer printer. The main method of determining the thermoplastic material 

arises from testing various materials for not only variable hardness but similar 

printing parameters and their mixing abilities. The analysis outlined important 

printing parameters along with their respective shore hardness calculated from 

the provided equations (if not provided). The analysis showed that the Nylon 

mixture would not be able to encompass the required range of hardness, while 

the TPU or PLA mixture could. After testing the two filaments, it was determined 

that PLA provided the best mixture, and was able to reach both the soft and hard 

thresholds, despite the calculations provided in the analysis. Data can be found 

in Appendix 3. 

 

3. Weight Analysis: The weight analysis was performed to verify that the weight of 

the printer and modifications would fit the desired requirement (< 50 lbs). Our 

analysis included the weights of the dual extruder, diamond hotend, filament, 

mounts, and bowden tubes. This totaled to ~35 lbs, much less than the maximum 

weight. If desired, the personal computer (PC) can be added to the total weight 

analysis, but it is unlikely that the entire design would pass the maximum 

threshold of 50 lbs with the PC since a standard desktop weighs 10 lbs and a 

standard laptop weighs 3.5lbs. Calculations can be found in Appendix 3. 

 

Acceptance Test Results 

Since the design of the project was mostly proof of concept, there were only two test procedures 

and results as outlined above: one for durometer and one for vibration reduction. The durometer 

results (ATP Data Sheet 1) show that the printer was able to achieve a range of hardness from 

84.2A to 73.4D Shore Hardness. Based on the values, there is a linear relationship between 

percent hardness and durometer. For a 20% increase in hardness, there was an increase in 



hardness of 4. For a 30% increase in hardness, there was an increase in hardness of 5. The 

vibration results (ATP Data Sheet 2, 3, and 4) show that a multi-durometer part successfully 

reduced vibrations. Between the Control Vibe Tester and the Simple Ring Vibe Tester there was 

a 1/3 reduction in vibration in the center ring. Between the Simple Ring Vibe Tester and the 

Advanced Reduction Vibe Tester there was also a 1/3 reduction in vibration in the center ring. 

Overall, there was a 1/9 reduction in vibration between the Control Vibe Tester and the 

Advanced Reduction Vibe Tester. This shows that varying designs with the different hardnesses 

can have significant effects on the vibration of a printed object. 

 

 

 

  



 

Final Budget 

Purchased 

Item Quantity Cost Supplier 

Lulzbot Taz5 3D Printer w/ Dual 
Extruder 

1 $1,968.19 Amazon 

Diamond Hotend Kit 1 $92.73 eBay 

Printer Filament 8 $424.40 Various 

Bowden Tubes 1 $7.75 Amazon 

Materials & Tools -- $112.10 Various 

Design Day Materials -- $45 ART Print Services 

Fabbed 

Item Quantity Cost Fabrication Method 

Bowden Couplers 4 -- 3D Printing 

Dual Extruder Modification 2 -- 3D Printing 

Dual Extruder Mount 1 -- 3D Printing 

Diamond Hotend Mount 1 -- 3D Printing 

Test Constructs 3+ -- 3D Printing 

Total = $2,657.50                                                         Margin = $4,000 - $2,650.17 = $1,349.83 

 

 

 

  



 

Lessons Learned 

After completion of the senior design project and final report, there were many lessons learned 

that would be taken into account if the project were repeated or a similar project completed in 

the future. The most important lesson from this year-long project was the importance of early 

planning along with enforcing strict deadlines on the team and individuals. Towards the end of 

the semester many of the tasks needed to be quickly finished in order to meet the deadline. It 

would have been greatly helpful if modifications of the printer would’ve started prior to or during 

winter break since the printer was purchased in late November. Since this project required more 

of a modification to a system instead of building a system, the most important part was the final 

acceptance tests. Too many issues arose late in the semester with regards to the mixing of the 

filaments, so the final acceptance tests were constantly postponed.  

 

Moreover, communication between team members could have aided in the delay of portions of 

the project. If one team member was struggling with their task, instead of wasting time trying to 

solve the issue individually, the team could’ve combined efforts to solve the issue in order not to 

delay the entire project. Mandatory meetings should have been held by the team weekly, so 

issues could’ve been reviewed and solved by the next meeting. Additionally, with the strict 

deadlines the team could have provided more time to account for errors with design and testing. 

Allowing time for future complications would also avoid major delays and poor final results. 

 

The second major lesson learned from this project was to take advantage of outside sources, 

especially the resources provided by the sponsor. Due to the backgrounds of the team 

members, the team lacked experience in software development. This required the team to 

search for outside sources to aid in this area, especially with regards to the printer’s firmware. 

Due to the background of the sponsor, he was an excellent resource for this issue with the 

project. It may have been more helpful to ask for his assistance earlier in order to solve the 

firmware issues in the beginning of the semester and not delay the final acceptance tests. Still, 

the team was able to solve a handful of issues through forums and the product’s provider. 

Overall, if the project were to be repeated then setting stricter deadlines earlier along with 

searching for assistance in areas of weakness would’ve solved many of the issues faced. 

 

  



 

 

 

 

 

 

Appendix 1 

Drawings 

  



 

 
Drawing 1: Diamond Hotend Mount  

 

 
Drawing 2: Dual Extruder Mount 

 



 
Drawing 3: Bowden Guide 



 
Drawing 4: Dog Bone 



 
Drawing 5: Control Vibe Tester 

 



 
Drawing 6: Simple Ring Vibe Tester (Same design as Control Vibe Tester) 



 
Drawing 7: Advanced Reduction Vibe Tester 

  



 

 

 

 

 

 

 

Appendix 2 

Software Documents 
  



 

 
Figure 1. GUI Task Page. 

 

 
Figure 2. GUI Interface. 

 

Configuration.h Firmware change sections 

 

 
Figure 3. Company Information. 



 
Figure 4. Uncomment SDSUPPORT. 

 

 
Figure 5. Enable the Reprap LCD Controller. 

 

 
Figure 6. Endstop Inverting. 

 

 

 
Figure 7. Check Extruder Information. 



 
Figure 8. Enable Mixing Extruders. 

 

 
Figure 9. Check Movement Settings. 



 
Figure 10. PID settings. 

 
Figure 11. Temperature Settings. 

Configuration_adv.h settings 



 
Figure 12. Advanced Temp Settings. 

 

 



 
Figure 13. Servo and Limit Switch pin configurations. 

 

 



 
Figure 14. Stepper and Temp Sensor Pin Configurations. 

 

 

 



 
Figure 15. Heater +LCD  Pin Configurations. 

 



 
 

Figure 16. MISC Pin Configurations. 



 

 

 

Appendix 3 

Analyses 

 

 

  



 

1. Stress Analysis on Diamond Hotend Mount 

 



 
2. Materials Analysis 

 

Material TPU (Soft) TPU (Hard) Nylon Carbon-infused 
Nylon 

Soft PLA Normal 
PLA 

Extrusion 
Temp (°C) 195-230 195-230 240-270 250-270 210-235 190-220 

Bed Temp 
(°C) 70 70-80 100-110 100-110 50-70 23-60 

Glass 
Transition  
Temp (°C) 

- - 105 105 60-65 60 

Printing 
Speed (mm/s) 30 30 45-70 50-70 20-50 50-80 



Tensile 
Modulus 

(MPa) 
22.761 109.32 2094 4387 33.240 2865 

Shore 
Hardness 85A 64D 88.5D 92.0D 92A 90.08D 

Margin 
-- -6D -53.5A +22D -7A +20.08D 

 

Conver

sion 

Equatio

ns 

 

 

 

 

3. Weight Analysis 

 

Component Number Weight (lbs) Total Weight (lbs) 

Taz 5 Printer System 1 25.25 25.25 

Printing Filament 2 2.2 4.4 

Dual Extruder 1 3.6 3.6 

Diamond Hotend 1 0.55 0.55 

Extruder Mount 1 1.14 1.14 

Motor Mount 1 0.11 0.11 



Bowden tubes 2 0.04 0.08 

Total   35.13 lbs 

Margin   50 - 35.13 = 14.87 lbs 

 

  



 

 

 

 

 

 

Appendix 4 

Test Procedures 

 

  



 

 
Figure 1. Shore Durometer testing. 

 

 

 
Figure 2. Vibration Platform. 

 



 

 
Figure 3. Accelerometers. 

 

 

 
Figure 4. Signal Conditioner. 

 



 
Figure 5. Loctite Instant Adhesive. 

 
Figure 6. Loctite Accelerant. 

 



 
Figure 7. DUT. 

 

 

 
Figure 8. Drilling the transfer punch holes. 

 

 



 
Figure 9. Mounting the DUT. 

 

 

 

 
Figure 10. Mounting the accelerometers. 



 

 

 

 

 

Appendix 5 

Test Results 

 

 



 



 



 



  



 

 

 

 

 

Appendix 6 

Component Specifications 

 

  



 

1. Lulzbot TAZ5 Specifications 

(https://download.lulzbot.com/TAZ/5.0_0.5noz/documentation/Manual/Manual.pdf) 

 
 

  



 

2. Lulzbot TAZ Dual Extruder Tool Head v2 Specifications 

(https://download.lulzbot.com/TAZ/5.0_0.5noz/documentation/Manual/Manual.pdf) 

 
  



 

3. Diamond Hotend Specifications 

 
Main features: 
1. 3 in 1 out diamond hotend support 3 filaments of different colors and different 
materials. 
2. Creating printings with a wide range of colors and materials in a single object, 
in one print. 
3. Easy to level nozzles make getting started in multi-extrusion easier than ever 
before. 
4. Absolute minimum size and weight, will not weigh down your printer or reduce 
printing performance 

5. All-metal, high performance J-head with efficient heat dissipation for fantastic 
printing. 
6. All-metal accessories to withstand higher temperatures involved in printing 
process so that you can print with multiple kinds of filament that requires higher 
temperature such as ABS. 
  

Tips: Different materials of filament has different melting point, when printing 
with two different kinds of material, please choose those with close melting point. 
  
 Specifications: 
1. Number of filament: 3 

2. Filament material: PLA, ABS 

3. Heater cartridge: 40W, 12V (24V is available);  size: 6*15mm 

4. Heater cartridge wire length: 700mm 

5. Thermistor: 100K NTC 

6. Thermistor wire length: 1m 

7. Working Temperature: 190°-230° 

8. Cooling Fan: 40mm x 40mm x 10mm 

9. Fan voltage: 12V 

10. Filament size: 1.75mm 

11. Nozzle size: 0.4mm 

12. Net Weight: 175g 

13. Shipping weight: 300g 
  



 

4. Slic3r Specifications 

(http://manual.slic3r.org/) 

 
 

  



 

5. Repetier Specifications 

(https://www.repetier.com/documentation/repetier-host/) 

 
 

 

 

  



 

6. Possible Printing Filaments Specifications 

 

 
 

  



 

 
 

  



 

 
 

 


