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ABSTRACT
This application note discusses Team 5’s use of NX 10.0 CAD software to design and print 3D component box which houses the electrical circuit component of the team’s Safety System Design for AccerlorMittal. This technology is beneficial because it gives room for modifications and adjustments to the box prototype as the project progresses to accommodate changes as the need arises. 

INTRODUCTION
3D printing is a process of making three dimensional solid objects from a digital file which is achieved using additive processes. In an additive process an object is created by laying down successive layers of material until the entire object is created. Each of these layers can be seen as a thinly sliced horizontal cross-section of the eventual object. 
The virtual design of any 3D printed object is made possible by Computer Aided Design(CAD) software which can be used to design curves, surfaces, solids in both two and three dimensions. There are different CAD software in being used in the industry at the moment but NX 10.0 is being used for the purpose of this project.

OBJECTIVE
	The objective of this Application Note is to familiarize with the technology of 3D printing and the application of it to design and make the component box of the project.

STEPS IN 3D PRINTING
i) CAD Design: CAD software is used to produce a virtual dimension of the component box. The software provides some hint as to the structural representation of the box and what to expect from the completed product based on the parameters used such as the materials and the level of thickness chosen for the box. The file is then saved after all design requirements are met.




Fig 1: Sketch tools used on NX 10.0


Fig3: Sketch Tools and Features




Fig 3: NX 10.0 CAD Software design of the component box

ii)  Conversion to STL Format: After the design has been completed on the NX 10.0 CAD software, it is saved to a Standard Tessellation Language (STL) format. STL format is a file format developed for 3D Systems in 1987 for use by its Stereolithography apparatus. 3D printers can use STL files in addition to some proprietary file types such as ZPR

iii) Transfer of STL File to AM Machine: The STL file is copied over to 3D printer which is also known as Additive Manufacturing (AM) machine. This also the computer that controls the whole process of the 3D printing of the 3-D printer. We can designate the size and orientation for printing.

iv) Machine Setup: Each machine has its own requirements for how to prepare for a new print job. This includes refilling the polymers, binders and other consumables the printer will use. It also covers adding a tray to serve as a foundation or adding the material to build temporary water-soluble supports.

v) Build: This process is mostly automatic. Each layer is built according to the specified requirement such as material and thickness made in the STL file. This process could take a while so it is recommended to periodically check on the printer to ensure there are no errors.


Fig 4: 3D Printing the component box

vi) Post-Processing: After the printing has been completed, the box component is allowed to cool off because it might require some time for the materials to solidify. Afterwards, the printed box is safely removed from the 3D printer.  This process also includes removing and cleaning any remaining powder hanging around the printer. 

COMPO NENTS LAYOUT IN THE BOX
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Fig 5: Layout of the compenent parts of the circuit in the box





[bookmark: _GoBack]MATERIAL CONSTRAINT
	Based on the sensitivity of the sensors used in circuitry part of the Safety System, the material used for the component box and its level of thickness had to be carefully selected in other not to inhibit the functionality of the sensors. Certain materials perform poorly in moist environment or they could attract dust as the case may be. 
	For D6T Thermal Sensor used in our Safety System, its ability to sense radiant heat depends on the cover material used to cover it and its level of thickness as well. High-density polyethylene (HDPE) is a good and highly recommended option because it grades high in infrared transmission. If the cover is too thick, the thermal sensor’s ability to sense heat decreases. Below is a graph that depicts this illustration.



Fig 6: HDPE thickness vs transmittance

Furthermore into material selection, it is also observed that performance of transducer in the ultrasonic sensor can also be affected by heat, chemical components, and other magnetic field around. Since this safety system will be used in an industrial set up where the temperature of heavy metals could get really hot and powerful magnets being used for other purposes can create magnetic fields around has to be considered. Transducer’s ability to transducer depends on the crystalline molecular structure and its associated electromagnetic field. Using Curie temperature, one can determine the point where the transducer will stop working if it loses its magnetic property.  Fig 7 is a table that shows leading ultra-high temperature piezoelectric materials.


Fig 7: Ultrasonic Piezoelectric Transducers and their Curie Temperatures


SUMMARY
In conclusion, this application note shows the steps taken to design and print a 3D model of the component box that will be used to house the circuitry components of the safety system. Although, it is a prototype which will be modified as the project proceed due to other needs that will arise such as ventilation of the system among others. It also provided an opportunity to research further into material used for making transducers and how their components are affected by heat and other force fields around. 
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image11.png
High-Temperature Performance Characteristics of Ultrasonic Piezoelectric

Transducers
Formula/Cut 1,00 Source
BiT0,, 685 (Cummins, 1968)
BTiNbO, 910 (Subbarao, 1962)
(1-X)BiSCO,xPbTIO, ~450 (Eitel et al,, 2001)
LiNbO, 1200 (Baba et al., 2010;
Lynnworth, 1999)
1300 (Nanamatsu et al., 1974)
AN (2) 2800+ (Parks etal, 2013)
LN (¥369) 1150 (Parks etal,, 2013)
YCOB (XYhw -15°/45°) 1500 (Parks etal, 2013)
PzT 350 (Kazys et al., 2005)
B0, 650 (Kazys et al., 2005)
(GaPy 70" (Kazys et al., 2005)
LINBO, (36° Y-cut) 1210 (Kazys etal., 2005)
AN 200 (Kazys et al., 2005)
Single-crystal ordered langasite 900 (Zhang et al., 2009)

* Melt temperature.
® Phase transition temperature.
* Demonstrated.
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