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Rapid Prototyping- A technology wherein the physical modeling of a design is done using a specialized machining 

technology by layer-by-layer material deposition started during early 1980s with the enormous growth in Computer 

Aided Design and Manufacturing (CAD/CAM) technologies when almost unambiguous solid models with knitted 

information of edges and surfaces could define a product and also manufacture it by CNC machining.  

It is also known by several other names like digital fabrication, 3D 

printing, solid imaging, solid free form fabrication, layer based 

manufacturing, laser prototyping, free form fabrication, and additive 

manufacturing. The historical development of RP and related 

technologies is presented in table 1. 

 

RP has been high prospective to reduce the cycle and cost of product 

development. It is an important tool in digital manufacturing in rapid 

product development. There are a variety of methods that can be 

used in RP to deposit the material for creating a proto model through 

RP technique. Since 1988, more than 20 rapid prototyping 

techniques have emerged. Some of the important methods are used 

in industries for manufacturing the product model such as 

Stereolithography (SLA), Selective Layer Sintering (SLS) 
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BASIC PRINCIPLE OF RAPID PROTOTYPING  

Rapid Prototyping (RP) involves automated fabrication of intricate shapes from CAD data using a layer-by-layer principle. 

These “three dimensional printers” allow designers to quickly create tangible prototypes of their designs, rather than 

just two dimensional pictures. Such models make excellent visual aids for communicating ideas with co-workers or 

customers and can also be used for testing purposes. For example, an aerospace engineer might mount a model airfoil 

in a wind tunnel to measure lift and drag forces. 

The process starts with 3D modeling of the product and 

then STL file is exported by Tessellating the geometric 

3D model. In Tessellation various surfaces of a CAD 

model are piecewise approximated by a series of 

triangles (figure 1) and co-ordinate of vertices of 

triangles and their surface normals are listed. 

 

The number and size of triangles are decided by facet 

deviation or chordal error as shown in figure 1. These 

STL files are checked for defects like flip triangles, 

missing facets, overlapping facets, dangling edges or 

faces etc. and are repaired if found faulty. Defect free 

STL files are used as an input to various slicing 

softwares. At this stage choice of part deposition orientation is the most important factor as part building time, surface 

quality, amount of support structures, cost etc. are influenced. Once part deposition orientation is decided and slice 

thickness is selected, tessellated model is sliced and the generated data in standard data formats like SLC 

(stereolithography contour) or CLI (common layer interface) is stored.  

This information is used to move to step 2, i.e., generation of physical model. The software that operates RP systems 

generates laser-scanning paths (in processes like Stereolithography, Selective Laser Sintering etc.) or material deposition 

paths (in processes like Fused Deposition Modeling). This step is different for different processes and depends on the 

basic deposition principle used in RP machine. Information computed here is used to deposit the part layer-by-layer on 

RP system platform. 

 

The final step in the process chain is the post-processing task. At this stage, generally some manual operations are 

necessary therefore skilled operator is required. In cleaning, excess elements adhered with the part or support 

structures are removed. Sometimes the surface of the model is finished by sanding, polishing or painting for better 

surface finish or aesthetic appearance. Prototype is then tested or verified and suggested engineering changes are once 

again incorporated during the solid modeling stage. Thus the steps involved in the process can be summed up as –  

• Creation of the CAD model of the (part) design  

• Conversion of CAD model into Standard Tessellation Language (STL) Format  

• Slicing of STL file into thin sections  

• Building part layer by layer  

• Post processing/finishing/joining 

THE NEED OF RAPID PROTOTYPING / Why rapid prototyping is important? 

You've got a smart idea, but you need a working prototype to really show it off and test it. In the age of Agile 

development the ability to produce a prototype quickly, roll it out to end users, and create a feedback loop that 

influences the software you produce, is vital. 

Downloaded from www.rgpvnotes.in

Page no: 2 Get real-time updates from RGPV

Department of Mechanical Engineering 

Notes for Product Design ME-603(C)  

https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


Unit 5: Rapid Prototyping 
 

Compiled by Dr. A. K. Shrimali  Page 3 of 16 

Prototyping has been a common practice in manufacturing for decades now. Before going to the expense of buying 

materials, setting up a line, and gearing up for production, it is wise to produce a model and get some feedback on it. 

There's no expensive outlay and you have a tool to test the idea, sell it to decision makers or investors, and uncover 

potential flaws. 

The same logic that dictates you need something more tangible than an idea in a designer's head before you can 

proceed, applies equally well to software. A full requirements document, or even a detailed design, is no substitute for 

a prototype. Some quick coding can produce an approximation of your idea. It doesn't have to be fully functional, and 

it shouldn't serve as the basis for the final release, but employed correctly it can arm you with valuable feedback. 

• Communicate design decisions better. In comparison to a static specification, a prototype is much easier to 

understand. It’s also much easier to get feedback on design decisions if everyone can see how things might work 

with their own eyes. This is the best way to ensure everyone shares a common understanding of how the 

upcoming product should look and behave. 

• Save time by writing less documentation. Developers can use prototypes to understand how things work. Even 

when engineering needs documentation for specific user flows or interactions, designers will need to write 

much less description text for a prototype than for a set of wireframes. 

• Allows for experimentation. Rapid prototyping helps teams experiment with multiple approaches and ideas. It 

facilitates discussion through visuals — presenting information in a visual format is the fastest way to get them 

to engage with that information. This leads to better, faster design. 

• The prototype is not the product. Rapid prototyping can be incredibly useful and it allows developers to explore 

many avenues before they commit to a full development. There is a caveat, though. It is important to remember 

that the prototype is not the basis for the finished product. It is a tool to gather useful information. At the end 

of pre-production it should be discarded and the team should use the information gathered to build the software 

properly from scratch. If deadline pressure comes to bear and the prototype morphs into the foundation of the 

full product, it is generally a recipe for disaster down the line. 

•   If you're going to adopt a truly Agile approach then you'll see that continuous delivery is a natural endpoint. 

The importance of delivering your prototype to the end user is that it can help you gather the tangible data you 

need to ensure that the final product delivers what the customer wants. That principle continues to apply when 

you enter production and it still applies beyond release. The sooner you can get beyond design and 

documentation and start to incorporate real world feedback, the sooner you will create software that works for 

your customers. 

THE ADVANTAGES OF RAPID PROTOTYPING  

There are numerous advantages to using rapid prototyping. 

1. Opportunities for Innovation 

Rapid prototyping opens new opportunities for innovation by eliminating the restrictions of conventional 

prototyping, which requires production of prototype tooling and physical components to exacting tolerances. 

Designers can create models incorporating complex shapes and surfaces that would be difficult or impossible 

to reproduce by conventional prototyping. 

2. Time Savings 

By eliminating the time needed to produce molds, patterns and special tools required for conventional 

modeling, rapid prototyping reduces time between initial design and analysis. An accurate model is quickly 

available for testing form, features, performance and usability. Rapid prototyping is a highly automated process 

that enables designers to quickly modify products in line with feedback. The time savings can help organizations 

gain competitive advantage by bringing new products to market quickly, ahead of competitors. 
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3. Cost Reduction 

Rapid prototyping helps to reduce the costs of product development. There is no need to develop special tools 

for each new product. Rapid prototyping uses the same CAD and printing equipment each time. The automated 

prototyping process also reduces staff costs. The costs of waste are lower, because the prototyping technique 

only adds modeling material where needed. Conventional prototyping techniques create waste through cut-off 

material or chippings as the tools create the finished model. 

4. Easier Visualization 

The ability to create a realistic three-dimensional scale model helps designers present new product concepts to 

stakeholders, such as board members, clients or investors who need to understand and approve the 

development program. Designers can also gain feedback from potential users and customers that is based on 

physical products, rather than concepts, enabling them to incorporate realistic usability data into the later 

stages of development. 

5. Lower Risk 

By enabling detailed physical analysis at an early stage in the development program, rapid prototyping can 

reduce the risk of costly errors. The development team can identify design faults or usability problems and 

make any modifications quickly. The iterative process provides a precise model for production tooling, reducing 

the risk of later manufacturing problems. 

6. Support for Customization 

Rapid prototyping is an iterative process, so it is easy to incorporate individual customers’ requirements and 

create customized products cost effectively. Development teams do not have to design each customized 

product from scratch. Customization can provide a strong competitive advantage by offering customers greater 

choice and flexibility. 

RAPID PROTOTYPING TECHNOLOGIES  

The important RP processes namely Stereolithography (SL), Selective Laser Sintering (SLS), Fused Deposition Modeling 

(FDM) and Laminated Object Manufacturing (LOM) are described. 

STEREOLITHOGRAPHY (S L A) 

Stereolithography (SLA or SL; also known as stereolithography 

apparatus, optical fabrication, photo-solidification, or resin 

printing) is a form of 3D printing technology used for 

creating models, prototypes, patterns, and production parts in a 

layer by layer fashion using photochemical processes by which 

light causes chemical monomers and oligomers to cross-

link together to form polymers. Those polymers then make up 

the body of a three-dimensional solid. Stereolithography can be 

used to create prototypes for products in development, medical 

models, and computer hardware, as well as in many other 

applications. While stereolithography is fast and can produce 

almost any design, it can be expensive 

In this technology, the part is produced in a vat containing a liquid which is a photo-curable resin acrylate. Under the 

influence of light of a specific wavelength, small molecules are polymerized into larger solid molecules. The SLA machine 

creates the prototypes by tracing the layer cross sections of the surface of the liquid polymer pool with a laser beam. In 
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the initial position the elevator table in the vat is in the top most position. The laser beam is driven in X-Y direction by 

the means of a program driven mirrors to sweep across the liquid surface so as to make it solidified across the designed 

depth (say 1 mm). In the next cycle the elevated table is lowered further. This is repeated untill the desired 3D model is 

created. The arrangement for stereolithography is shown below- 
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SELECTIVE LASER SINTERING (S L S) 

In Selective Laser Sintering (SLS) process, fine polymeric powder like polystyrene, polycarbonate or polyamide etc. (20 

to 100 micrometer diameter) is spread on the substrate using a roller. Before starting CO2 laser scanning for sintering 

of a slice the temperature of the entire bed is raised just below its melting point by infrared heating in order to minimize 

thermal distortion (curling) and facilitate fusion to the previous layer. The laser is modulated in such away that only 

those grains, which are in direct contact with the beam, are affected. Once laser scanning cures a slice, bed is lowered 

and powder feed chamber is raised so that a covering of powder can be spread evenly over the build area by counter 

rotating roller. In this process support structures are not required as the unsintered powder remains at the places of 

support structure. It is cleaned away and can be recycled once the model is complete.  

The schematic diagram of a typical SLS apparatus is given in figure. 
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FUSED DEPOSITION MODELING (F D M) 

Fused deposition modeling (FDM) is an additive manufacturing (AM) process in which a physical object is created directly 

from a computer-aided design (CAD) model using layer-by-layer deposition of a feedstock plastic filament material 

extruded through a nozzle.  

In Fused Deposition Modeling (FDM) process a movable (x-y movement) nozzle on to a substrate deposits thread of 

molten polymeric material. The build material is heated slightly above (approximately 0.5 C) its melting temperature so 

that it solidifies within a very short time (approximately 0.1 s) after extrusion and cold-welds to the previous layer as 

shown in figure 8. Various important factors need to be considered and are steady nozzle and material extrusion rates, 

addition of support structures for overhanging features and speed of the nozzle head, which affects the slice thickness. 
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More recent FDM systems include two nozzles, one for part material and other for support material. The support 

material is relatively of poor quality and can be broken easily once the complete part is deposited and is removed from 

substrate. In more recent FDM technology, water-soluble support structure material is used. Support structure can be 

deposited with lesser density as compared to part density by providing air gaps between two consecutive roads. 
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LAMINATED OBJECT MANUFACTURING (L O M) 

Typical system of Laminated Object Manufacturing 

(LOM) has been shown in figure 5. It can be seen 

form the figure that the slices are cut in required 

contour from roll of material by using a 25-50 watt 

CO2 laser beam. A new slice is bonded to 

previously deposited slice by using a hot roller, 

which activates a heat sensitive adhesive. Apart 

from the slice unwanted material is also hatched 

in rectangles to facilitate its later removal but 

remains in place during the build to act as 

supports. Once one slice is completed platform can 

be lowered and roll of material can be advanced by 

winding this excess onto a second roller until a 

fresh area of the sheet lies over the part. After 

completion of the part they are sealed with a 

urethane lacquer, silicone fluid or epoxy resin to 

prevent later distortion of the paper prototype 

through water absorption. 
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APPLICATIONS OF RAPID PROTOTYPING 

RP technology has potential to reduce time required from conception to market up to 10-50 percent (Chua 

and Leong, 2000). It has abilities of enhancing and improving product development while at the same time 

reducing costs due to major breakthrough in manufacturing. Therefore, RP technologies are successfully used 

by various industries like aerospace, automobile, jewelry, coin making, saddletrees etc. Its various applications 

are listed below.  

1. In medical field 

• Rapid prototyping is used for diagnosis, surgery planning, training 

and for design and manufacture of the custom implants and also 

the model of skull.  

• The 3D CAD(computer aided design) and CAM(computer aided manufacturing) is used for design and 

development of new products. It shortens the time to market and helps further in research. 

• The conversion of CT scan or MRI results which are taken as input and then converted in to CAD file then 

analyze those files with the help of CAM software then production that product with rapid prototyping.  

• The Physical models enable correct identification of bone abnormality, intuitive understanding of the 

anatomical issues for a surgeon, implant designers and patients as well. 

2. In Mechanical Engineering- Analysis and Planning  

• Rapid Prototyping is widely used to form and fit large 

mechanical models.  

• It provides ease in the flow analysis and indentifying points 

of stress concentration.  

• It is often used as a proof of concept and visualizing the object.  

• Rapid Prototyping has wide applications in the Automobile and Aerospace Industry. (a) SL model with 

resection (b) Silicon implant template molded from a tool (after pham and demov, 2001). 

3. In Electrical appliances 

The house holding electrical appliances are widely manufactured in the PR techniques. These techniques 

are very useful for manufacturing the special contours in an electrical item.  

4. In textile  

The RP techniques models are widely used in textile industries. The complicated contour profile dresses 

are designing in the 3D model with aid of computer and directly inter connected with manufacturing 

machine. 
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5. In Furniture Designing 

The furniture is designed and manufacturing with a aid of RP techniques. This model has low weight and 

no temporary and permanent joints. It is made up of a single piece without any joints with different 

profiles.  

6. In Foot-Ware Designing 

The foot-ware for a human comfort is manufacturing in RP technique. This type of foot-ware should have 

light weight and stronger than the conventional model. And also the complicated design of foot-ware is 

developed in the RP technique models without any fastener. The reliability is very high compared with 

conventional model.  

7. Architectural Interior design 

An RP technique plays an important role in architectural interior design like stature, wall mountings and 

toys. The RP model of interior decoration has good surface finishing and aesthetics.  

8. It is also used in crafts, arts and Reverse Engineering applications, Short Production Runs and Rapid 

Tooling.  

Long Answer Type Question- 

How to Determine the Best Prototyping Method?  

When we want something from our imagination turn into reality, there are questions that must be answered 

before we can begin. 

Step 1 | Which prototyping method should you use? 

This is a great first question which depends on the answers to the following four. But first, a quick 

tutorial in prototyping methods. 

There are two basic types of manufacturing processes: 

Subtractive [in which you remove material to form the part; includes computer numerical control 

(CNC; a computer guided machine or hand held router cuts away the unwanted material), lathing, 

machining, milling] 

Additive [in which material is added to create the part; often called 3D printing]. 

It's also important to remember that certain materials lend themselves to specific processes. For 

example plastic is often used in additive manufacturing; CNC is used for metals; and you typically 

think of wood being lathed. 
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Step 2 | What is the purpose of the prototype? 

If the purpose of your prototype functional testing, then the method you use is critical. You don’t 

want to physically test the part in a way that might show a false failure. 

Here’s an example. Let’s say your prototype is made using a form of additive manufacturing called 

fused deposition modeling (FDM). Most people have heard of or seen this process described by the 

generic, and imprecise, term 3D printing. Simply put, following directions from a computer file, a 3D 

printer extrudes molten material in multiple layers which cool to create the form. Here's a video if 

you've never seen this in action: 

https://youtu.be/ik39_sv-wgQ 

 And here's a photo of a part printed in lab using FDM. Look closely, you can see the see the 

horizontal layers. If you stress the part mechanically — maybe try to bend it — it might crack 

between layers. But maybe that’s not realistic to how the actual part would break. 

 

In this case, rather than prototyping using FDM, you might want to use a subtractive 3D method for 

prototyping, in which you use a solid plastic block of material and remove the material that isn’t in 

the part. If you bend it and it breaks, it will break based on the design of the part, not on the 

soundness of the material.  

Step 3 | Do these parts need to be air tight? 

3D printers are very good unless there is a hiccup in the process. In the absence of material being 

layered, you will add air.  If your part needs to be airtight, you may need a part done by CNC which 

starts with a solid block of material. It’s simple mathematics. If you’re subtracting and you didn’t take 

it away, it’s still there. 
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Step 4 | How many prototypes do you need? 

Another thing to consider is the volume of (prototype) parts you need. Some processes are faster 

than others. If you need just one part, any option is good. Take your pick. But if you want a lot of 

parts, you’re looking more for a supplier than a process. We work with companies with 3D printers as 

far as the eye can see. They can load your project on the printer and finish up in a couple days. If you 

only had access to a single printer it would take two to three weeks. 

The size of the part also dictates how quickly you can build it. Most times when you’re ordering a 

part you don’t have the flexibility to change its size. That’s one thing in favor of CNC. Depending on 

what you’re looking for, you can break it into smaller parts, glue them together and get a much faster 

part without having to CNC a very large piece. 

Step 5 | Do you have to make your prototype out of the same material that you’re making the part out of? 

I have it on good authority that this is not a dumb question. Again, what’s the purpose of the part? 

For functional testing, you want the material to be close to what you're planning to use for the final 

product. Maybe you want it to feel soft, you’ll want to prototype in a material that will closely match 

the feel you're going for. But if you’re trying to confirm your design, say your product is supposed to 

be hard/rigid, it doesn’t matter if you use something that’s super rigid or semi-rigid. As long as it’s in 

the ballpark, you’ll get what you’re looking for. 

 

Points to remember Remember: 

• Focus on the problem we’re really trying to solve. Only prototype the part we need to have. 

• If we’re concerned about the strength of a part, use a method and material that will give us the best 

information about that concern. 

Prototyping is an exciting step. Doing our research, asking questions and making sure we understand the 

answers will keep our project moving forward. 

Small Answer Type Questions- 

What is Rapid Prototyping? 

Rapid Prototyping is a manufacturing technology that quickly builds a prototype part. Many different technologies are 

available that are considered Rapid Prototyping, and many can also be used for production manufacturing. Although 

most Rapid Prototyping systems use a form of layered additive manufacturing, they can also use a variety of other 

methods such as high-speed machining, molding, casting, and extruding. 

Rapid Prototyping, often called RP, is rapid prototyping when the entire process of going from a computer design to a 

physical model is faster than more traditional manufacturing technologies. Wikipedia has a good article on the 

subject.[ http://en.wikipedia.org/wiki/Rapid_prototyping] 
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What is Rapid Tooling and how is it Different from Rapid Prototyping? 

The only difference between Rapid Tooling and Rapid Manufacturing is the end use of the parts produced with the 

process. Both use rapid prototyping technologies to quickly make a part. But for Rapid Tooling, the part is used in 

another manufacturing process as a tool. 

What is 3D Printing and how is it Different from Rapid Prototyping? 

3D Printing refers to a subset of rapid prototyping that goes directly from a 3D computer model to a prototype with 

very little user interaction other than defining some preferences. The process is designed to be as easy as printing 

from a computer to paper. 

In many ways the name is a marketing label to clearly emphasize the affordability and ease of making prototypes using 

systems that are labeled as 3D Printers. It is also meant to appeal to a larger, less engineering and manufacturing 

oriented audience. PADT uses 3D Printing systems as well as Rapid Prototyping and Manufacturing systems. 

What are some of the other names for Rapid Prototyping? 

3D Printing, layered manufacturing, additive manufacturing, direct digital manufacturing, digital prototyping, digital 

fabricator, desktop fabricator, desktop manufacturing, desktop prototyping. 

People often use the names of various prototyping techniques to refer to rapid prototyping, and even more often the 

acronyms for those technologies. Examples are Stereolithography or SLA and Fused Deposition Modeling or FDM. 

What is Layered Manufacturing and why do most Rapid Prototyping Technologies Use it? 

Layered Manufacturing builds parts up, one thin layer at a time. Most traditional manufacturing methods start with a 

block and remove material, or shapes material using a tool of some kind. Layered manufacturing is often called 

Additive Manufacturing because it adds material rather than taking it away or molding it. 

The best way to visualize layered manufacturing is to think of taking a real part and chopping it into very thin layers. 

Then stack those layers back up one on top of the other. Layered manufacturing does the chopping in a computer 

program, and tells a machine how to create each layer. 

When and how is Rapid Prototyping used in Product Development? 

Rapid prototyping can be used at almost every step in your product development process. At any point where you 

need a physical part you can benefit from Rapid Prototyping. Examples are: 

Conceptualization: concept models, marketing mockups 

Initial Design: form, fit, and function testing, visualization 

Detail Design: testing, test fixtures, assembly testing, fit, form and function testing. 

Production: tooling, mockups for process planning 

What are the different types of Rapid Prototyping Technologies and their Advantages and Disadvantages? 
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Unfortunately there is no one technology that is perfect at everything. The following table is a basic listing of the main 

advantages and disadvantages. 

TECHNOLOGY ADVANTAGE DISADVANTAGE BEST USE 

SLA Smooth Accurate Detail 
Temperature Sensitive, 

Brittle, Brittles over Time 

Marketing Models Fit 

Checks 

SLS Durable, Speed on Large Projects 
Rough Surface, Erratic 

Accuracy 
Functional Models 

FDM 
Cost Effective Durable True 

Plastics 

Lower Resolution Weak 

Layer-to-layer 

Engineering Models 

Internal Reviews 

POLYJET 
Adjustable Material Properties 

Speed Fine Layers 

Weak Material Properties 

Cost 

Elastomeric Models 

Overmold Models 

CNC MACHINING Accurate True Materials Long Lead Time Cost 
Metal Models Precision 

Work 

What is a STL File? 

The STL file is a file format developed in the early days of Rapid Prototyping by 3D Systems as a simple and portable 

format that could be used across CAD systems to define the solid geometry to be made in a Rapid Prototyping 

machine. It is a triangular facet representation, the surfaces of the solid are modeled as a collection of triangles that 

share vertices and edges with neighboring triangles. Most CAD tools can output an STL file. 

You should also know that there are two types, ASCII (text) and binary. Binary tends to be more compact. 

Learn more on Wikipedia. [http://en.wikipedia.org/wiki/STL_file] 

My part is about “this” big, how much will it cost to make a prototype of it? 

It is very difficult to estimate the cost of a prototype without knowing many different factors. These include the 

volume of the part, the height in the “up” direction, the process being used, the material being used, and the finishing 

that is required. The best way to find out the cost is to send a part to PADT for a quote. If you do not have a computer 

model yet, then sending the basic dimensions and calling our engineers should result in a ball park estimate. 

How long does it take to make a Rapid Prototyping Part? 

IT can take as little as five minutes and as long as 3 or 4 days depending on the size, the process, and the amount of 

finishing required. However, most parts can be made within a 24 hour period. 
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Can I use Rapid Prototyping to make tooling for Injection Molding? 

Yes you can. A special process and special materials are required, as is a special mold base. But a low volume injection 

mold can be made using Rapid Prototyping. PADT can also help find a supplier that can use rapid machining to make 

molds almost as fast as rapid prototyping. 

*** 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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