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Introduction:

In Layered Manufacturing a physical prototype of a 3D object is built from a (virtual) CAD model by orienting and slicing the model with parallel planes and then manufacturing the slices one by on each on top of the previous one. Layered Manufacturing is the basis of an emerging technology called Rapid Prototyping and Manufacturing (RP & M). This technology, which is used extensively in the automotive, aerospace and medical industries, accelerates dramatically the time it takes to bring a product into market. Layered manufacturing is rapidly becoming an industry standard method due to its ability to manufacture complex shapes. The object to be manufactured is loaded into the computer as a solid model and the model is sliced using slice algorithms. The information on each slice is then sent to a manufacturing unit which consists of a material delivery or a curing system capable of tracing out the layer. Each layer has an associated thickness and the entire layer has the same cross-section. Once the current layer is ready, the computer sends the information about the next layer to the manufacturing system which builds it the existing layers. In this way, the entire object is built layer-by-layer. 
                              Layered manufacturing (LM), also known as solid freeform fabrication, is a class of manufacturing processes whereby objects are constructed layer by layer. Thin layers of material approximating the cross-sectional shape of the object are added one by one until the entire part has been built. Many LM processes using different types of material and methods for adding material to an object currently exist. Processes can be classified as: photopolymer solidification, material deposition, powder solidification, laminate based, weld based, and hybrid approaches

About Stereolithography
The input to the Stereolithography process is a surface triangulation of the CAD model in a format called STL. Stereolithography, also known as 3-D layering or 3-D printing, allows you to create solid, plastic, three-dimensional (3-D) objects from CAD drawings in a matter of hours. Stereolithography gives a fast, easy way to turn CAD drawings into real objects. 3-D printing is a very good example of it. In the past, it could conceivably take months to prototype a part -- today it can be done in hours.

What is Stereolithography Apparatus? 

It is the machine which is used to build the object taking the input of the STL files.
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This machine has four important parts: 

· A tank filled with several gallons of liquid photopolymer. The photopolymer is a clear, liquid plastic. 

· A perforated platform immersed in the tank. The platform can move up and down in the tank as the printing process proceeds. 

· An ultraviolet laser 

· A computer that drives the laser and the platform 

The photopolymer is sensitive to ultraviolet light, so when the laser touches the photopolymer, the polymer hardens. 

The Stereolithography Process

The basic printing process goes like this: 

· Create a 3-D model of object in a CAD program 

· A piece of software chops the CAD model up into thin layers -- typically five to 10 layers/millimeter 

· The 3-D printer's laser "paints" one of the layers, exposing the liquid plastic in the tank and hardening it 

· The platform drops down into the tank a fraction of a millimeter and the laser paints the next layer 

· This process repeats, layer by layer, until the model is complete 

This is not a particularly quick process. Depending on the size and number of objects being created, the laser might take a minute or two for each layer. A typical run might take six to 12 hours. Runs over several days are possible for large objects. 

The design created in CAD is tweaked before building with supports that raise it up off the tray slightly and with any internal bracing that is required during building. The SLA then renders the object automatically (and unattended). When the process is complete, the SLA raises the platform with 3-D object. 
Input to the SLA

Sources of 3D images representing an object are CT and MRI scans and finite element output from novel structural design software such as OptiStruct (Altair). In addition to a description of the boundaries of the object, the solid model will contain material information. The solid model can then be used for process planning for LM or NC machining. Data representation and exchange issues in LM are crucial, and currently the STL format is used as an industry standard. In this work, we consider 3D and slice data formats used for LM and analyze their strengths and weaknesses. We perform an in-depth analysis of the STL format and comment on the perceived need for its replacement. We also propose metrics for the evaluation of the 3D and slice formats and compare them.
What can be created?
Stereolithography allows creating almost any 3-D shape if a CAD model of it can be created. The only caveat is the need for structural integrity during the building process. In some cases, it is required to add internal bracing to a design so that it does not collapse during the printing or curing phases. 

Cost Consideration

Stereolithography is not an inexpensive process. The machines themselves usually cost in excess of $250,000. They have to be vented because of fumes created by the polymer and the solvents. The polymer itself is extremely expensive. CibaTool SL5170 resin, a common photopolymer used in Stereolithography, typically costs about $800/gallon. For these reasons, it is uncommon to find Stereolithography machines anywhere but in large companies.
Issues:
A key step in layered manufacturing is choosing an orientation for the model i.e. the build direction. Among other things. The build direction affects the quantity of supports used and the surface finish- factors which impact the speed and accuracy of the process. Consider the object shown below:
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It it is built in the direction d indicated in the figure, then the manufactured solid will have a stair stepped finaish and will require supports along the lengh of facer 1-4, normal to the paper. However, if the build direction is normal to the paper, no supports are needed and there is no stair stepping on the facets, except possibly on the top and bottom facets( where the “top”/”bottom” with respect to the build direction. In current system, the build direction is oftern chosend my the human operator, based on experience, so the amount of supports used is “small” and the surface finish is “good”. 

· Stair step error:

· Minimizing the stair-step error

· Minimizing the weighted stair step error

· Minimizing sum of stair step error

· Volume of Support

· Contact are of supports

How it is done?

Consider the Polyhedral object P that we wish to build. n denotes the number of vertices in P. Let d denote build direction. Now the idea is to find a d  which minimizes the above stated parameters. 

Dur to the non sero slice thinckeness the manufacure part will have a stair stepped finish on any facet f that is not paralled to d. The degree of stair stepping gon a facet f dependws on the andle theta(d), between the facet normal and d, and it can be mitigaeted by a suitable choide of d. the notion of an error triangle for a facet is introduced as a way of quantifying stari stepping. Let L denote the slice thickness and let h(d) denote the height of the error-triangle. Let theta’(d) be the abgle between d and the normal n to f, let theta’’(d) be the angle between d and –n . 

theta(d) = min { theta’(d), theta’’(d) }
i.e. min of the theta is maximized.
Consider the set 

S = { n ∩ S” , -n ∩ S” | f is a facet of P }

S consists the points where the facet normals and their negations intersect the unit sphere S”. Note that S has O(n) points of sites. We wish to find a direction d, i.e.a point d on S” such that the minimum angle between it and the sites is mazimized. Define a cap on S”, with pole d and radius Theta as a set of all points on S” that are at a distance of at most theta from d, as measured along surface of S”. So, the problem turns out to find a largest empty cap; the pole of this cap is the desired optimal direction. The following properties of the cap can be said.

· Let c be the circle bounding a cap C and let H(C) be the plane such that c= H(C) ∩ S”. if C is empty then all the sites in S lie of the same side of H(C)

· The Larger C is, the closer is H(C) to the origin

· A largest empty cap must have at least three sites on its boundary

Let CH(S) be the convex hull of S. we need to consider only the facets of CH(S) must contain at least there sites and moreover all the sites of S lie of one side of this plane; on the other hand the place containing three or more co-planar sites that are not all on a facet of CH(S) will have sites on both sides of it.
The algorithm follows as to computer the set S and then computer CH(S). For each facet of CH(S), we determine the plane containing the facet and find the one closed to the origin. Then compute the normal from the origin to this closest plane. The desired optimal direction d is the intersection of this normal and S“.
Conclusion

 Traditional geometric/solid modeling has focussed on developing models of objects (known as solid models) based on their geometry and topology. These models do not possess material information and are homogeneous i.e., the object defined by a model is assumed to be made of a single material. However, due to new developments in the field of CAD/CAM (optimal design using homogenization, layered manufacturing etc.), it is becoming increasingly important to model heterogeneous objects (objects with varying material/density distribution and microstructures). Preliminary work has been completed towards modeling objects made of finite number of materials (objects with discretely varying material distribution) and objects composed of functionally gradient materials.
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