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1. Introduction 

Team 19 has retrofitted a TAZ 4 3D printer to make it capable of both extruding and curing a ceramic-

polymer composite reinforced with carbon nanotubes (CNT) or silicon carbide particles. Though much of 

the printer system remains the same, the customized components and additions require specific procedures 

for safe operation. Furthermore, significant information concerning the handling, maintenance, and basic 

information concerning the printer will be included for the best understanding of the system. The goal of 

this document is to provide the user with information specific to the modifications made to the TAZ 4 

device by the team, as well as information pertaining to the safe mixing and use of the extrusion material. 

Information on printer subsystems may be paraphrased or quoted from manufacturer texts, these are 

included for the benefit of the reader, and should not be considered to be an exhaustive listing of safety or 

of technical details. The operator of any prototype devices assumes all risk of bodily injury or harm, and 

shall hold harmless all members of the project team, both individually and collectively.  

2. Safety Information 

Despite the best efforts of any designer, no equipment can be made entirely safe. Every time an operator 

uses a piece of equipment there is the chance of a health or safety impacting event. Part of any risk 

mitigation strategy is to ensure that operators understand the potential risks involved in the operation of a 

piece of equipment, so that they can protect and educate themselves. The project team has identified some 

of the risk factors that may be present while operating the device. 

2.1 3D Printing Hazards  

In its default configuration, any 3D printer poses a number of safety hazards to the user. The use of 

heated, motorized, and electrically active components means that caution should be exercised whenever 

using, modifying, or repairing the TAZ printer. General safety warnings from the manufacturer of the TAZ 

4 printer are reprinted in Appendix A. No modifications performed by the project team should be assumed 

to reduce or eliminate any of the risks posed by use of the printer. 

2.2 Carbon Nanotube Hazards 

Carbon Nanotubes (CNT) are microscopic hollow structures comprised mostly of carbon that exist at 

the scale of a nanometer, or one billionth of a meter. The exact hazards posed by exposure to CNTs is 

currently under experimentation, with animal studies indicating “that as a precautionary default: all 

biopersistent CNTs, or aggregates of CNTs, of pathogenic fibre dimensions could be considered as 

presenting a potential fibrogenic and mesothelioma hazard unless demonstrated otherwise by appropriate 

tests…" [1]. Thus the proper handling and use of nanomaterials should be a priority in the operation of the 

prototype device. As no exact type of CNT is indicated for exclusive use with the printer, users should be 
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aware of the type of nanomaterial being used with the polymer precursor, as the risks inherent to each type 

will vary with the characteristics of the material. Points of consideration include: whether the CNT are 

single or multi-walled, the quantity to be used, the aspect ratio of the CNT, how tightly bound the CNT are 

to each other, and have they been functionalized or treated with any substance that can affect their health 

risk [2]. 

2.3 Ultraviolet Radiation Hazards 

The printer device uses lamps that emit electromagnetic radiation in the ultraviolet (UV) spectrum. The 

lamps emissions are tuned to emit primarily light with a wavelength of 365nm. This wavelength is within 

the UV A band, which is considered to be among the least harmful types of UV radiation. However, 

precautions should be taken in the presence of any UV radiation source. Long-sleeved clothing should be 

worn, as well as eye protection in order to minimize exposure. Polycarbonate lenses and face shields will 

block 99% of UV radiation, and surface treatments and films can increase protection further. The American 

Conference of Governmental Industrial Hygienists has set Threshold Limit Values (TLV) for tolerable 

repeated exposure levels to UV radiation. For energy in the UVA band, the TLV is approximately 1000 

mJ/cm2 [3]. The UV lamps installed on the printer dissipate a nominal 36W of power; thus indicating that 

if one square centimeter of skin is exposed, the TLV could be exceeded in 0.028 seconds. This does not 

take into consideration the insulating effects of air, which could extend the safe exposure time limit.  

3. Functional Analysis 

Team 19’s project scope is motivated by the desire to simplify an already existing subtractive manufacturing 

process that consumes a large portion of time and wastes large amounts of a costly material. In the 

functional diagram above one can see that the 3D printing process highlighted from the other steps. This 

printer’s main functions are to extrude and cure a ceramic-polymer composite reinforced with CNTs and 

SiC powder. The material will be contained in a 60mL syringe, which is the the default size; this can be 

varied as desired as the pump is designed to mount multiple syringe types. Models to be printed must be 
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saved as STereoLithography (STL) files and uploaded into the Repetier-Host software to be sliced and 

translated into G-code. A stepper motor will control the syringe flow rate and extrude layers of the material 

in the shape of the desired model. Four nine-watt UV bulbs will cure the uppermost layer of material 

continuously throughout the printing process. Once the print job is complete, the model will be ready for 

pyrolysis. 

4. Key Product Components  

The printer device that the team has designed is a combination of modified subsystems designed to 

meet the goals of the sponsor. Because of the use of the novel print material and the challenges inherent in 

3D printing, many of these components have either entirely bespoke designs or are repurposed 

commercially available devices adapted into the printer assembly. Below are detailed descriptions of key 

printer components. 

4.1 Syringe Pump 

The syringe pump module is illustrated in Figure 5-1. This module consists of a syringe mounted into 

a plastic housing, with the plunger affixed to a movable slider. By turning a length of threaded rod, the 

slider can apply pressure to the syringe, depositing the contents onto the print stage. This design 

incorporates a variable flow rate that is controlled by the speed of the stepper motor. Details on the 

individual parts of the pump are to follow. 

4.1.1 Syringe 

Material will be contained in the syringe until it is slowly forced out by the syringe pump. 60 mL 

is the default syringe volume; however, the bracket was designed to accommodate other sizes as they are 

desired.  

4.1.2 Needle 

A one inch, 400 micron needle attaches to the nozzle of the 

syringe for precision deposition of the material onto the print bed. 

This was determined to be the optimal gauge needle for this 

system after numerous tests involving viscosity, flow rate, and line 

dimensions.  

4.1.3 Motor and Gear Set 

The gear set consists of a 10 tooth pinon gear attached to the 

shaft of the stepper motor and a 50 tooth gear attached to the 
Figure 4-1 The syringe pump assembly 

with significant dimensions labelled. 
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threaded rod. This 5:1 gear ratio is used to turn the threaded rod resulting in a translational movement of 

the syringe’s plunger insert. The gears are made from 3D printed ABS polymer, and can be considered self-

lubricating.  

4.2 TAZ 4 3D Printer 

The team and the team sponsor decided to purchase a commercially available 3D printer to be retrofitted 

to fit the objective profile required. The TAZ 4 printer was selected after several rounds of analysis of 

market offerings. The most important selection criterion for the team was having open source availability 

for both hardware and software. The TAZ 4 includes a RAMBo (RepRap Arduino-compatible Mother 

Board) microcontroller to drive the stepper motors. The RAMBo is an open/libre hardware solution that 

allows the user to modify the firmware using the Arduino development environment. The TAZ is currently 

running using the Marlin firmware package, updated Q4 2014. Information on the proper use and 

maintenance of the TAZ printer can be found in the user manual published by Lulzbot [3]. 

4.3 Controller PC 

The Taz 4 is able to be operated independently with the installed Smart LCD controller and display 

module. However, the team has acquired and installed a desktop computer in order to give finer control 

over the printer and for use in preparing and organizing model files. The PC is a Dell Optiplex 2500 with 

an Intel Core 2 Duo processor, 2GB of RAM, and 755 GB installed hard disk space. The printer is connected 

to the printer via a USB 2.0 B-type connector, which is standard for Arduino based printer platforms. The 

PC has Windows 7 Home Premium installed as the operating system, and a plurality of software required 

for 3D printing activities are developed for Windows as well as Mac OSX and Linux. Software installed 

by the team is listed in the table below. 

Table 4-1 Installed Software Used for 3D Printing 

Application Purpose 

Repetier Host Printer controller. Allows the user to place 3D 

objects on the print platform, adjust printer settings, 

and manually control the printer  

Slic3r Slicing program. Converts STL file information to 

G-Code to dictate printer path and steps.  

Amcap Webcam software that allows for creation of time-

lapse videos and remote monitoring. 

Netfabb Basic 3D model viewer/editor. Repairs STL file meshes 

for use with the 3D printer. 

4.4 UV Lamp Array 

The print material as supplied by the manufacturer is a colorless liquid thermosetting polymer 

precursor. The precursor can be cured to its solid form via ultraviolet radiation in the presence of a suitable 

reagent called a UV sensitizer. To deliver the UV radiation, the project team has repurposed a commercial 
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nail dryer commonly used to cure resin based nail polish. The core of the product is four 9W UV fluorescent 

bulbs and the appropriate starters and electronic control components. The back panel features a main power 

switch, timer selector switch, and start button. To manually cure, the main power switch should be turned 

“ON”, the timer switch set to “OFF”, and the start button depressed and released. The timer switch has two 

other settings, for 120 and 180 seconds of illumination respectively. These settings may be useful for 

experimental purposes, but are of limited utility in the context of a 3d print job. The bulbs emit UVA 

radiation centered on a wavelength of 365nm. Additional details of the dryer including manufacturer 

information can be found in Appendix B, item B2. 

4.5 Infrared Thermometer 

Sponsor requirements indicated a means to test and verify part temperature during the curing process. 

This will be achieved by using an infrared thermometer. The Etekcity Lasergrip thermometer allows the 

user to get temperature readings without the use of a contact probe. To use the Lasergrip, aim the sensor 

window at the part to be measured, and pull the trigger. A red laser indicator dot will appear to guide the 

user on what area is being measured. If the indicator dot does not appear, use of the “MODE” button will 

cycle between usage modes, including turning the built in back light on and off. Additional buttons will 

change the temperature display, from holding at last value, to constant updates, and the display units from 

Fahrenheit to Celsius. Additional technical details, such as measurement range and distance to spot ratio, 

can be found in Appendix B, item B3. 

4.6 Webcam 

The project team has incorporated a webcam in order to remotely monitor the 3D printing process and 

to record images or videos for documentary purposes. The webcam is a Logitech C920 HD camera 

connected to the PC via a USB 2.0 connection. The camera is a plug and play device under Windows 7, 

and should not require drivers or other setup by the user. The webcam is attached to the lab countertop via 

a gooseneck camera mount. Using the mount it is possible to position the camera to tightly focus on the 

object of attention. 

5. Product Assembly 

The printer device will be delivered in an assembled state, and thus should not require further assembly 

unless changes have been made after project completion. This section will list the procedures, tools, and 

equipment relevant to different assembly operations. 

5.1 TAZ 4 Printer Assembly 

The TAZ 4 is shipped as a semi-assembled unit by the manufacturer which the customer puts together 

4 sub assemblies together and the 3D printer is ready for a printjob. The construction materials include 8020 
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Aluminum square rails, printed ABS components, acrylic corner brackets, and sheet steel electronics 

enclosures. The primary type of fasteners used are socket head cap screws with metric threads and sockets. 

The TAZ ships with a small tool set that includes an assortment of hex keys that can be used to adjust and 

take down the machine. 

 

Figure 5-1 A model of the full 3D printer assembly with significant dimensions labeled. 

5.2 Syringe Pump Assembly 

The syringe pump assembly consists of printed ABS parts, stainless sheet steel, injection molded 

polymer components, and hardened steel smooth and threaded rods. The steel thrust rods are press fit into 

the receiving holes of the ABS rod guides, and the plastic components are secured to the sheet metal 

stiffener plate via Phillips drive cap headed self-tapping screws.  

6. Operation Instructions 

In order to print a model using the ceramic-polymer material, follow these instructions.  

1. Verify that the syringe is filled with the material and properly fitted into the syringe pump bracket 

on the 3D printer. The needle should not be touching the printer bed. 

2. Turn on the PC and 3D printer (using the switch on the power box) for operation. 

3. Open Repetier-Host on the PC desktop and click “Connect” to connect to the printer. 

4. Import the model into the program. 

a. Alter the object placement using “Object Placement” tab as desired. Keep in mind how the 

object will be printed when doing so. 
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b. If not already sliced, slice the model with Slic3r (using “Slic3r” tab). 

5. Access “Manual Control” to ascertain all settings are properly set. This includes setting the printer 

bed temperature to 0° to ensure no heat is introduced to the system. When G-code is ready, send it 

to the 3D printer by clicking “Send”. 

6. When ready to print, turn on the curing system array with the power supply switch. For added safety 

measures, UV protective goggles are provided and recommended for use. Once the array is on, 

click “Start Print”. If you will be using the webcam, this would be the time to turn it on. This can 

be done from the PC desktop. 

7. From this point the printer will proceed to extrude and cure a 3D model using the material. If this 

is a large model, then it is highly recommended that the print process is observed and the user is 

ready to refill the syringe when it gets low. The print job must be paused by clicking “Pause Print”. 

If it becomes necessary to stop the print altogether due to a failure of the print job, click “Kill Print”.  

In an emergency, cut all power to the printer by unplugging the power strip from the wall. If trying to 

print using the ABS filament, you must switch the brackets so that the proper extruder is attached. Be sure 

that the printer is turned off completely, with power unplugged, before doing so to prevent any damage or 

harm. Instructions for how to use the system with FDM can be found in the manual or online at 

https://www.lulzbot.com/. No notifications will be given when the print job is complete, nor will any 

notification be given if a print job goes wrong, whether the layers begin collapsing or the syringe runs out 

of material, the only way the user will be made aware of an issue is if they observe it themselves. A webcam 

has been set up with the PC for remote observation access to the printer from within the school so that the 

print job can be monitored. 

7. Maintenance and Troubleshooting 

Timely maintenance is needed for keeping the modified version of the 3D printer operational and free of 

problems as much as possible. Section below gives detailed information about what needs to be done for a 

routine maintenance, replacement information and spare parts the team has for using the printer. 

7.1 Routine Maintenance 

For optimal operation, it would be best to complete a number of actions with every use of the printer: 

 Wipe the printer bed clean with a soft cloth or paper towel and acetone solution before and after 

each print job. 

 Rinse out the syringe and dispose of the remaining solution and the needle properly.  

 If using acetone, check the condition of the syringes after each use. Dispose of any syringes that 

show signs of chemical decomposition. 
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7.2 Key component replacement 

Unique to 3D printers is their ability to print out their own components for construction of another 

printer or replacement of the original printer’s parts; any ABS filament parts can be printed out using the 

original extruder head and the source files located on the Lulzbot website. Other components, such as the 

servo motors and rods, will need to be purchased.    

7.3 Spare Parts Inventory 

Spare parts list for extended operation and avoid operation interruption 

Table 7-1 Inventory Levels of Consumable Items 

Part Amount Supplying Vendor 

20ml Syringe 36 Sigma Aldritch 

22ga. ½” Length Dispensing Needles 55 CMT Supply 

Polycarbonate UV safety glasses 8 Amazon 

Luer-Lock Syringe Needles, Assorted Sizes 60 CMT Supply 

8. Troubleshooting 

It is possible that the user will encounter one or more errors while attempting to print ceramic parts. 

These errors may be related to environmental conditions, mistakes in the configuration and operation of the 

printer, or problems stemming from the material mixture composition. The table below details some 

problems users may face during operation, and the recommended course of action to resolve them. 

Table 8-1 Troubleshooting Guide for Potential Print Errors 

Problem Actions 

G-code not importing 

to printer 

 Make sure printer is on and available for input. 

 Check to see if the USB cord is connected from the computer to the printer. 

 Make sure model was sliced properly in Slic3r - look for any errors or anomalies 

in the G-code.  

Material is not 

extruding from syringe 

 Make sure the syringe is properly fitted within the syringe pump and that the 

syringe plunger is properly aligned within the syringe plunger insert. 

 There is potential for the syringe plunger to reach a “dead zone” at the 3mL mark. 

If material within the syringe is low, refill the syringe to capacity. 

 Clogs may occur within the needle. Be sure to use a clean syringe with every print 

job. Rinsing the syringe thoroughly before and after each use is a suggested 

preventative measure. If clogging does occur, replace the needle. If clogging 

continues to occur, replace syringe entirely. 

Base layers of model 

not supportive; melting, 

falling over, peeling up, 

etc. 

 If printing with ceramic-polymer composite, ensure the bed temperature is set to 

0°C – heat is not required while printing with this material and may have undesired 

effects. 

 Check to see if power is being supplied to all 9W UV bulbs and that all bulbs are 

functional. 

 Alter object placement using “Object Placement” tab to place object in best 

printing position so largest, strongest layers are printed first. 

 Clean printer bed using an acetone solution to clean up any residue and dust.  
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9. Digital Support Materials 

In order to assist future users who may wish to repair, modify, or improve components of the printer 

device, the project team is including a disc containing all of the digital files used in the design and 

fabrication of the printer. The following table lists the subdirectories contained on the disc and a summary 

of their contents. 

Folder Name Primary File Type Notes 

Experiments MS Excel Spreadsheets *.xlsx Experimental results from material and syringe tests 

Model 3D Models & GCode *.stl *.gcode Production parts for the printer, novelties from the 

AME open house, and calibration test models 

MSDS Files Adobe Documents *.pdf Safety documents to be on file during printer use 

Pictures Videos Still images and videos *.jpg *.m4v Documentary video and images for recording 

project progress and events 

POs Adobe Documents *.pdf Purchase request/order forms to acquire necessary 

project materials and components  

Research Papers Adobe Documents *.pdf Research literature used for concept generation and 

support 
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Appendix A. TAZ 4 Safety Warnings 

Reprinted in accordance with Creative Commons 4.0 Attribution License.  

Aleph Objects, Inc. is the creator and copyright holder of the material and the original work can be found 

at: 

http://download.lulzbot.com/TAZ/4.0/documentation/2014Q2/manual/TAZ_4_Manual.pdf 
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Appendix B. Subcomponent Specifications Sheets 

B1 Logitech C920 HD Webcam  

General Product Information [Compliance Certification (CE) Link] 

Warranty / Self Help 
Please see product support page for warranty duration and frequently asked 

questions. 

Category Webcam  

Software Support (at release) 
Logitech Webcam Software Version: 2.4 

NOTE: If software is available, check website for latest software release. 

OS Support (at release) Windows XP x32 / x64, Windows Vista x32 / x64, Windows 7 x32 / x64 

 Basic Requirement HD Requirement 

System Requirements 

CPU Minimum  = 1.0 Ghz 

CPU Recommended  = Core 2 

Duo 2.4Ghz or better 

RAM Minimum = 256 

RAM Recommended  = 2GB 

CPU Minimum  = Core 2 Duo 2.4Ghz or 

better 

CPU Recommended  = i7 Quad Core 

2.6Ghz or better 

RAM Minimum  = 2GB 

RAM Recommended  =4GB 

General Product Information [Compliance Certification (CE) Link] 

Warranty / Self Help 
Please see product support page for warranty duration and frequently asked 

questions. 

Category Webcam  

Software Support (at release) 
Logitech Webcam Software Version: 2.4 

NOTE: If software is available, check website for latest software release. 

OS Support (at release) Windows XP x32 / x64, Windows Vista x32 / x64, Windows 7 x32 / x64 

 Basic Requirement HD Requirement 

System Requirements 

CPU Minimum  = 1.0 Ghz 

CPU Recommended  = Core 2 

Duo 2.4Ghz or better 

RAM Minimum = 256 

RAM Recommended  = 2GB 

CPU Minimum  = Core 2 Duo 2.4Ghz or 

better 

CPU Recommended  = i7 Quad Core 

2.6Ghz or better 

RAM Minimum  = 2GB 

RAM Recommended  =4GB 

  

http://www.logitech.com/compliance/
http://www.logitech.com/support/9442
http://www.logitech.com/compliance/
http://www.logitech.com/support/9442
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Webcam Specifications 

Connection Type USB 

USB Protocol USB 2.0   

USB VID_PID 082D 

UVC Support Yes 

Microphone Yes  

Microphone Type Stereo  

Lens and Sensor Type  Glass 

Focus Type Auto  

Optical Resolution 
True:3MP 

Software Enhanced:15MP 

Diagonal Field of View (FOV) 78° 

Focal Length 3.67 mm 

Image Capture (16:9 W) 2.0 MP, 3 MP*, 6 MP*, 15 MP* 

Video Capture (16:9 W) 360p, 480p, 720p, 1080p 

Frame Rate (max) 1080p@30fps 

Right Light RightLight 2   

Video Effects (VFX) N/A 

Buttons N/A 

Indicator Lights (LED) Yes 

Privacy Shade No 

Tripod Mounting Option Yes 

Cable Length  6 feet  

Product Dimensions 

Product component Width Depth/Length Height Weight 

Webcam 94 mm 24 mm 29 mm 162g 
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B2 Melody Susie UV Nail Dryer 

http://www.melodysusie.com/products/product_detail/195 

Melody Susie - Violeteer UV Nail Dryer –  

Product Details: Color: black  

- Auto timer control: 120s, 180s, up to infinite  

- Material: Molded ABS  

- 5*9W 365nm UV Bulb  

Package Includes:  

- 1* Melody Susie UV Nail Dryer (Black, 36W)  

- 5* 9W 365nm UV Bulb  

- 1 * Manual  

Product Details 

Product Dimensions: 9.4 x 8.3 x 3.9 inches; 2.2 pounds 

Shipping Weight: 2.7 pounds (View shipping rates and policies) 

  

http://www.melodysusie.com/products/product_detail/195
http://www.amazon.com/gp/help/seller/shipping.html/ref=dp_pd_shipping?ie=UTF8&asin=B00NPW16QW&seller=ATVPDKIKX0DER
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B3 Infrared Thermometer Specifications 

Etekcity Lasergrip 774 (ETC 8380) Temperature Gun Non-contact Digital Laser Infrared IR Thermometer, 

2-Year Warranty, -58~+716°F, 12:1 D:S, Instant-read, FDA/FCC/CE/ROHS Approved 

Temperature Range: -50℃～380℃ (-58℉～716℉ 

Accuracy: ±2% or 2℃ 

Distance Spot Ratio: 12:1 

Emissivity Adjustable: 0.95(fixed) 

Response Time and Wavelength: 500ms and (8-14)um 

Repeatability: ±1% or±1℃ 

Resolution: 0.1℃ or 0.1℉ 

Storage Temperature: -20-50℃ (-4-122℉) 

Operating Temperature: 0-50℃ (50-122℉) 

NOTE: The measuring surface is about 2cm below the infrared aiming point. When the temperature is 

beyond measuring range, the LCD will display "HI" and "LO".  

Package Included: 1 x Etekcity Non-Contact Infrared Thermometer 1 x 9-Volt Battery 1 x User's Manual 
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Appendix C. Material Safety Data Sheets 

C1 Polymer Precursor 
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C2 Acetone 
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C3 Single Walled Carbon Nanotubes 
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