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ABSTRACT— Fused Deposition Modeling (FDM) is the rapid prototyping technology that forms three-dimensional objects from CAD generated solid or surface models.  A temperature- controlled head extrudes ABS plastic wire layer by layer and as a result, the designed object emerges as a fully functional three-dimensional part. Rapid prototyping (RP) is used to save time and cut costs at every stage of the product development process.  Prototypes can now be produced in a matter of hours that have typically taken weeks or even months to make. Fused deposition modeling (FDM) and 3D printer are commercial RP processes while neon composite deposition system (NCDS) is an RP test bed system that uses neon composites materials as the part material. “With rapid prototyping, companies are now able to verify and change designs with much less investment in time and money”, Fused deposition modeling(FDM) and 3D printer are commercial RP processes while neon composite deposition system (NCDS) is an RP tested system that uses neon composites materials as the part material.
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I. INTRODUCTION

Recent advances in the fields of Computer Aided Drafting (CAD) and Rapid Prototyping (RP) have given designers the tools to rapidly generate an initial prototype from a concept. There are currently several different RP technologies available, each with its own unique set of competencies and limitations. In this paper, we seek to characterize some of the properties of Strategy. [1] Fused Deposition Modeling (FDM) process, as well as the effects of varying some of the build parameters.

Before we can discuss the properties of an FDM part, we must first discuss how the process works. The first step in generating an FDM part is to create a three dimensional solid model. This can be accomplished in many of the commonly available CAD packages. 

The part is then exported to the FDM Quick slice software via the stereo lithography (STL) format. This format Once the STL file has been exported to Quick slice; it is then horizontally sliced into many thin sections. These sections represent the two dimensional contours that the FDM process will generate which, when stacked upon one another, will closely resemble the original part three dimensional part. [1]

 This sectioning approach is common to all currently available Rapid Prototyping processes. Obviously, the thinner the sections, the more accurate the part. 

The software then uses this information to generate the process plan that controls the FDM machine’s hardware. Reduces the part to a set a triangles by tessellating it. The advantage of this is that it is a common format that almost every CAD system can export, and reduces the part to its most basic components. The disadvantage is that the part loses some resolution, as only triangles, and not true arcs, spines, etc now represent it. However, these approximations are acceptable as long as they are less than the inaccuracy inherent in the manufacturing process.Once the STL file has been exported to Quick slice, it is then horizontally sliced into many thin sections. These sections represent the two dimensional contours that the FDM process will generate which, when stacked upon one another, will closely resemble the original part three dimensional part. This sectioning approach is common to all currently available Rapid Prototyping processes. Obviously, the thinner the sections, the more accurate the part.[3] The software then uses this information to generate the process plan that controls 
The Hardware for the FDM machine is represented in Figure 1. The concept is that a filament, in our case ABS, is fed through a heating element, which heats it to a molten state. The filament is then fed through a nozzle and deposited onto the part it is building.
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Fig 1 Fuse deposition modeling process

This aspect is not unlike squeezing toothpaste from a tube. Since the material is extruded in a molten state, it fuses with the material around it that has already been deposited. The head is then moved around in the XY plane and deposits material according to the part requirements from the STL file. The head is then moved vertically in the Z plane to begin depositing a new layer when the previous one is completed. After a period of time, usually several hours, the head will have deposited a full physical representation of the original CAD file. 

It is interesting to note that this approach may require a support structure to be built beneath the sections. If one horizontal slice overhangs the one below, it will simply fall to the substrate when the FDM nozzle attempts to deposit it. The FDM machine possesses a second nozzle that 1 Fuse deposition modeling process. Extrudes support material for this purpose. The support material is similar to the model material, but it is more brittle so that it may be easily removed after the model is completed.

The FDM machine builds support for any structure that has an overhang angle of less than 45° from horizontal. If the angle is less than 45°, more than one half of one bead is overhanging the slice below it, and therefore is likely to fall. This process results in a part with unique characteristics. While it is much tougher than parts made by other RP processes (such as SLA), we have still experienced brittle fractures at relatively low loads. This experience goes against the blanket claim that Strategy’s makes that FDM parts possess 70% of the strength of solid ABS parts. Also, this claim is very vague as the yield strength of ABS can vary from 29 MPa to 124 MPa. In addition, it is very clear that the FDM process deposits material in a direction way; which results in non-isotropic parts. 

With these problems in mind, we set out to characterize the material behavior of FDM parts, as well as the effects of some of the process control parameters.

II. over view of Fused Deposition Modeling
Fused Deposition Modeling [FDM] turns a 3-D CAD design into a functional ABS plastic prototype to be used in testing and fitting. Fused Deposition Modeling is a solid-based rapid prototyping method that extrudes material, layer-by-layer, to build a durable and strong model. This method of rapid prototyping is the most economical method to produce plastic prototypes and abs models.
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Fig 2 Fuse deposition modeling of concept to reality

The Fused Deposition Modeling (FDM) process constructs three-dimensional objects directly from 3D CAD data. A temperature-controlled head extrudes thermoplastic material layer by layer. 

III. WHY TO USE FDM PROCESS?
For low-volume manufacturing, traditional methods of making production parts are evolving. Instead of machining parts or cutting a tool for molding, direct digital manufacturing (DDM) is a cost-effective and simpler alternative. Now the production process can start as soon as the part’s CAD file is sent to an additive fabrication machine. rapid prototype define its quality and determine success or failure in a given application.

A. Why manufacture parts with FORTUS systems vs. traditional methods?
Reduce Time 
· No waiting for machining or tooling  

· On-the-fly design changes and enhancements can be made during production cycles  

· Just in time inventory possible 

Reduce Cost
· No machining or tooling costs  

· Customers realize ROI after just a few jobs 

· Reduced inventory requirements — components can be made on demand  

IV. 3D Modeler 

The process uses a 3D Modeler in conjunction with a CAD workstation. Weighing only 250 lb and measuring 30 x 36 x 68 in., the single-step, self-contained modeling system offers several advantages. Speed is an important benefit of this technology and typical models can be produced in minutes rather than hours or days. The lightweight head operates up to 900 in. per minute (15 in. per second). Since no post curing is required, this technique enables the designer to create multiple versions of a part design in a short time. 
Unlike other systems, the process doesn't need elaborate brace supports to produce parts. This desktop system has the ability to create a support in midair rather than building the support up from the base. 
The system is also capable of extruding plastic into free space depending on the part geometry. 
When supports are not used, the head forms a precision horizontal support in midair as it solidifies. Time-consuming design of supports is decreased and the costly waste of materials used to create supports is reduced, which would have to be cut from the model after solidification.

V. FDM PROCESS 
Fused Deposition Modeling (FDM) quickly generates accurate and durable physical models in high performance engineering thermoplastics.

Unlike other prototyping technologies, FDM systems require no special facilities or ventilation to operate. No toxic materials and an environmentally conscious process make FDM an ideal extension of the engineering work station.

No matter how complex, the FDM process and material options allow the design team to produce models that can be assembled, tested and used as production parts. Parts may then be machined, drilled, chrome plated or used as molds.

A. Step 1: Preprocessing:
Select an STL file or batch of files. Insight software automatically “slice” the STL file into thin layers and generates any necessary support structures. Powerful insight preprocessing software imports STL files and mathematically slices and extrusion paths, maximizing build efficiency and minimizing user interaction. Insight operates over a network, so jobs can be sent or managed from any of your workstations. Complex part geometries and assemblies are created in a single run without the need for manual assembly.
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Fig 3 Fuse deposition modeling
B. Step 2: Part Build

Inside the FDM system’s heated build envelope, model material in filament form is liquefied to a viscous state for extrusion. Dual build heads extrude the thermoplastic model and support material along a precise tool path layer-by-layer, constructing a model from the bottom up.

Models are produced within an accuracy of +/- 0.127 mm up to 127 mm. Accuracy on models greater than 127mm is plus +/- 0.0015 mm per mm.

C. Step 3: Support Removal 
FDM offers two methods of support removal: Water Works a soluble support material and break-away support materials called BASS. Water works support structures are simply dissolved in water based solution, eliminating labor associated with removing complex or messy supports. Bass support material is manually removed. The support material forms a weak bond with the modeling material allowing easy support removal when light force is applied by hand.
VI. OVERVIEW OF FDM PROCESS CYCLE:-
The FDM process starts with importing an STL file of a model into a pre-processing software. This model is oriented and mathematically sliced into horizontal layers varying from +/- 0.127 - 0.254 mm thickness. A support structure is created where needed, based on the part's position and geometry. After reviewing the path data and generating the tool paths, the data is downloaded to the FDM machine. The system operates in X, Y and Z axes, drawing the model one layer at a time. This process is similar to how a hot glue gun extrudes melted beads of glue. 
The temperature-controlled extrusion head is fed with thermoplastic modeling material that is heated to a semi-liquid state. The head extrudes and directs the material with precision in ultrathin layers onto a fixtureless base. The result of the solidified material laminating to the preceding layer is a plastic 3D model built up one strand at a time. 

Once the part is completed the support columns are removed and the surface is finished.

VII. FDM Features
Rapid prototype models can be used as design evolution, manufacturing tools (assemblies, test fixtures, visual aids), sales tools (internal and external), estimating tools (prototype parts included in drawings) and master patterns for composite molds. The next page consists of a basic process flow chart to help demonstrate the way in which Tech Help operates its RP service to its clients.
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Fig 4 basic process flow chart to help demonstrate the way in which TechHelp operates its RP service to its clients.
•
Competitive with other RP technologies

•
Strong and durable model

•
APS plastic (with color choices) and Elastomer material     choices

•
Water proof, paintable

•
Maximum size- 10” x 10” x 16”

The time it takes to develop a concept from its initial phase to its introduction to the marketplace can be critical.  Manufacturers are always looking for ways to shorten this

Process.  With the assistance of computer-assisted design tools, such as CAD, manufacturers have taken significant steps toward utilizing these tools to design and develop new products.

“Traditionally, Engineers have created three-dimensional models and prototypes by using conventional methods of fabrication, such as machine tooling.  Long turnaround times result in delays in getting products to market.  Rapid prototyping (RP) was developed to automate new product development and to shorten the development cycle significantly.”

VIII. Accuracy and influencing factors

and control of accuracy were necessary in the process of rapid manufacturing of metallic parts. The main errors of parts included error from CAD model to SLS prototype and the error from the SLS prototype to metallic parts. The sintering process of the SLS polymer prototype, which included developing CAD model and sintering polymer powder, was one of the main sources of errors. Data of computer-aided slicing of the CAD model and sintering software system caused some error between the CAD mode land SLS prototype. The movement of the laser beam influenced the dimension of the contour. The parameters in sintering process affected the dimension and the precise shape of the prototype, and possibly led to the distortion of the prototype.

 
As the dimensional change in the fabrication of the ceramic molding shell was very small, the errors in precise casting process were mainly caused by solidification and shrinkage of the melting alloy. The solidification contraction coefficient of Al-based alloy was about 1.1%, but the shrinkage value changed with the actual casting condition such as the shape and thickness of the casting parts, the pouring temperature, and so on. The sample designed for accuracy test is shown in Fig. 5 (left). A series of samples of different size were measured. Statistical results of the measurement and analysis of dimensions are also shown in Fig. 6 (right). It shows that the error in sintering and casting process displays different characteristics. The dimensional changes in the process of SLS polymer prototype manufacturing has less dependency on the size and shape of the part, but is influenced more by the sintering equipment, material of the prototype and the sintering parameters.

The range of the dimensional changes in the casting process is wide and the error is dependent on the size and the shape of parts. Through the experiment and analysis of the results, the rule of the dimensional change in the process of rapid manufacturing of metallic part could be summarized to feedback for the design of the CAD model.
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Fig 5. CAD model of test sample and the statistical results of accuracy test

Then, the dimension of the metallic parts could be controlled accurately. It is demonstrated that the accuracy of the actual metallic parts was controlled within 100 ± 0.2 mm

IX. CONCLUSION

The time required for the first metallic parts could be decreased to 2–5 days with the process developed in this study in comparison to traditional manufacturing process. High quality and complex metallic parts can be manufactured cheaper and faster. Because the metallic parts manufactured directly with SLS still have many problems, this indirect method has the potential of wider application

The measured compressive strength showed that parts made by FDM, 3D printer and NCDS have anisotropic characteristics. From the compression test, it was confirmed that build direction was important process parameter that affects mechanical properties [15]. In addition, it was found that parts made by 3D printer had low compressive strength compared to other processes, and that FDM parts had high compressive strength. 

These results will serve as fundamental data for manufacturing functional RP parts. Mechanical properties including tensile test are to be tested further for different parameters and different types of process.
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