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3D Wrench
[bookmark: _Toc495948597]Background
	The 3D printing test for wrench, show that a 3D printer works normally in space. In General, a 3D printer throw out of hot plastic, metal, or other material building layer on layer to make a three dimensional wrench. 3D printing offers a quick and cheap approach to produce parts nearby and on-request, it is advantage to long term missions with limitations on weight and space for load. 
[bookmark: _Toc495948598]Purpose
Rather than, for instance, sitting tight for the following transport mission to hang a unique reason wrench to the space station, designers can simply email a STL file to the astronaut on the station, who can print it out and put it to utilize. In fact, there is a 3D printer on the space station, made by the firm in space.
[bookmark: _Toc495948599]Finding
	NASA is experiencing the modern environment in space that has zero gravity, to produce tools such as wrench and other parts that they could not manufacture it on the ground. Truth to be told, “The printer made objects with 13 different designs and built a total of 20 objects, making some items more than once.” With the exception of the ratchet, the other 19 objects were pre-programmed into the printer before it leaves out Earth.
[bookmark: _Toc495948600]Effects
3D models not only provide study materials for terrains and small space bodies but also allow accessible objects to the visually impaired. Moreover, these models create new tools for introducing space sciences to the roster of accessible science curricular materials (Horowitz and Schultz, 2014).
[bookmark: _Toc495948601]Affordability
	This capacity may decrease cost and hazard on the station, which will be basic when space discovers venture a long way from Earth and will make an on-request supply chain for required tools and parts. Long term missions would profit significantly from inboard assembling abilities. Information and experience capable in this demonstration will enhance future 3-D producing innovation and hardware for the space program, permitting a more degree level of autonomy and adaptability for astronauts.

[bookmark: _Toc495948602]Methodology/Manufacturing
[bookmark: _Toc495948603]Additive Manufacturing (AM) 
Additive Manufacturing (AM) is a term to describe set of technologies that create 3D objects by adding layer-upon-layer of material. Materials can vary from technology to technology. Common features for all Addictive Manufacturing use computers with special 3D modeling software (3D, 2017).
[bookmark: _Toc495948604]Fused Deposition Modeling (FDM)
FDM printers use two kinds of materials, a modeling material, a finished object, and a support material, acting as a scaffolding to support the object as it's being printed (Palermo, 2013).
Objects created with an FDM printer start out as computer-aided design (CAD) files. Before an object can be printed, its CAD file must be converted to a format that a 3D printer can understand — usually .STL format (Palermo, 2013).
[bookmark: _Toc495948605]Cost
Physical models previously depended on expensive or labor-intensive molding, sculpting, or laser sintering techniques, however, three-dimensional (3D) printing technology have created low-cost systems able to translate 3D shape and terrain elevation models into physical models. Low-cost, commercially available, 3D printers are capable of using data from topographical maps, radar data, altimetry, and digital terrain models and turning them into accurate, handleable, 3D models out of multiple materials in just hours (Horowitz and Schultz, 2014).
[bookmark: _Toc495948606]Types
[bookmark: _Toc495948607]Stereolithography 
Stereolithography is a 3d printing method frequently used to implement projects that involve 3D printing of objects. For anyone who needs his plastic prototype of a new project, Stereolithography is key since it can turn models into a real 3D printed object.
The process of printing involves a uniquely designed 3D printing machine called a stereolithograph apparatus (SLA), that converts liquid plastic into solid 3D objects (Coros, 2017).
For it to be successful, this technique requires computer aid design (CAD) file for it to process the object. The file has information on dimensional representation of an object. However, CAD file needs to be converted into a format a printing machine can understand.
[bookmark: _Toc495948608]Digital Light Processing(DLP)
Digital Light Processing is very similar to stereolithography. The DLP technology is applicable for movie projectors, cell phones and 3D printing.
Like SLA, DLP works with photopolymers. However, DLP 3D generally use more conventional sources of lights like arc lamps. A liquid crystal display panel, is applied to the whole surface of building material during single run of DLP process. Liquid plastic resin is used for printing is placed in the transparent resin container. The resin hardens faster when affected by large amount of light (Coros, 2017).
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[bookmark: _Toc495948610]APPENDIX B
[image: C:\Users\Electine\Desktop\3D_ratchet_pic1.jpeg]

The ratchet wrench was designed by Noah Paul-Gin, an engineer at Made In Space Inc., a northern California company that NASA contracted to design, build and operate the printer. Paul-Gin created a 3-D model of the ratchet and made several wrenches, such as the one shown here on an identical printer.
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