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Prototype 

 A prototype can be defined as a model that 
represents a product or system. This model is 
usually used for functionality testing and product 
visualization. 

 

 Prototyping is essential in the development of 
products and all industrial nations have prototyping 
centers. In fact, prototyping plays a major role in the 
advancement of technology. 



Prototype 

 In the prototyping development cycle, initial 
prototypes are built, tested, and then reworked as 
necessary until an acceptable prototype is finally 
achieved from which the complete system or product 
can be developed.  

 

 Three types of prototyping 

 PCB Prototyping 

 Virtual Prototyping 

 Rapid Prototyping 

 



PCB Prototyping 

 The production of a functional Printed Circuit Board 
(PCB). The product can then be tested for its 
functionality and reliability  

 



Virtual Prototyping 

 Computer-based  without the 
option of a physical part or object.  

 It uses virtual reality to create 
product prototypes and test their 
properties. 

 
 It provides a virtual 3-D prototype 

that can be manipulated from all 
views and angles. 

 
 The computer program can then 

test many aspects of the product 
such as vibration, forces, 
materials and weight. 

 



Rapid Prototyping 

 Produces physical 
prototypes in short time 
(within hours or days rather 
than weeks).  

 

 These prototypes are 
frequently used to quickly 
test the product's look, 
dimension, and feel. Rapid 
prototyping usually result in 
plastic objects. 

 



Prototyping Advantages 

 Provides the proof of concept 

 Shows the users how the final system would look like 

 Reduces development costs 

 Increases system development speed and quality 

 Assists to identify any problems with early designs 

 Refines the potential risks associated with the 
product delivery 



Rapid Prototyping (RP)  

 A family of fabrication processes developed to make 
engineering prototypes in minimum lead time based on a 
CAD model of the item 

  

 Traditional method is machining 
 Can require significant lead-times – several weeks, depending 

on part complexity and difficulty in ordering materials  

 

 RP allows a part to be made in hours or days, given that a 
computer model of the part has been generated on a CAD 
system 

Ref: John Wiley & Sons, Inc.  M P Groover, Fundamentals of Modern Manufacturing 3/e 



Why is Rapid Prototyping Important? 

 Product designers want to have a physical model of a 
new part or product design rather than just a 
computer model 

 
 Creating a prototype is an integral step in design 

 

 A virtual prototype (a CAD model of the part) may not be 
sufficient for the designer to visualize the part adequately  

 

 Using RP to make the prototype, the designer can see and 
feel the part and assess its merits and shortcomings  



CAD / CAM 



CAD / CAM 

 Computer-Aided Design (CAD) 

 A designer starts with an idea of a new product  and uses the CAD 
software to create a preliminary design. 

 The preliminary design can also be analyzed for functionality as the 
design is being created.  

 Modifications and reanalyzes of the computer model can be done 

 

 Computer-Aided manufacturing (CAM) 

 Used to drive appropriate machinery to physically create the part.  

 The entire design cycle is shortened 

 Engineers can go from design to prototype in a matter of days, 
instead of weeks or months 



RP – Two Basic Categories: 

1. Material removal RP - machining, using a 
dedicated CNC machine that is available to the 
design department on short notice  
 Starting material is often wax  

 Easy to machine 

 Can be melted and re-solidified   

 The CNC machines are often small - called desktop 
machining   

2. Material addition RP - adds layers of material 
one at a time to build the solid part from bottom to 
top  

Ref: John Wiley & Sons, Inc.  M P Groover, Fundamentals of Modern Manufacturing 3/e 



Steps to Prepare Control Instructions for RP  

 Geometric modeling - model the component on a 
CAD system to define its enclosed volume  

 

 Tessellation of the geometric model - the CAD model is 
converted into a computerized format that 
approximates its surfaces by facets (triangles or 
polygons) 

 

 Slicing of the model into layers - computerized model is 
sliced into closely-spaced parallel horizontal layers 



Conversion of a solid model of an object into layers (only one layer is shown). 

Solid Model to Layers 



3D Printing 

 3D printing or additive manufacturing is a 
process of making three dimensional solid objects 
from a digital file.  

 

 The creation of a 3D printed object is achieved using 
additive processes: An object is created by laying 
down successive layers of material until the entire 
object is created.  

http://3dprinting.com/what-is-3d-printing/ 



3D Technologies 

 There are several 3D printing technologies. The 
most common three are: 

 

 Extrusion / Fused Deposition Modeling (FDM) 

 

 Stereo lithography  (STL) or Vat Photopolymerisation 

 

 Binder Jetting 

 



Material Extrusion or FDM 

 Fuel Deposition Modeling (FDM) technology works 
using a plastic filament or metal wire which is 
unwound from a coil and supplying material to an 
extrusion nozzle which can turn the flow on and off. 

 

 The nozzle is heated to melt the material and can be 
moved in both horizontal and vertical directions by a 
numerically controlled mechanism, directly 
controlled by a computer-aided manufacturing 
(CAM) software package 



Material Extrusion or FDM 

Source: KUL3D.com 



Stereolithography (STL) 

 Starting material is liquid 

 

 RP process for fabricating a solid plastic part 
out of a photosensitive liquid polymer using a 
directed laser beam to solidify the polymer 

 

 Part fabrication is accomplished as a series of layers - 
each layer is added onto the previous layer to 
gradually build the 3-D geometry  

 



Stereolithography: (1) at the start of the process, in which the initial layer 
is added to the platform; and (2) after several layers have been added 
so that the part geometry gradually takes form. 

Stereolithography 



Binder Jetting 

 Starting material is powder 

 

 Part is built layer-by-layer using an ink-jet printer to eject 
adhesive bonding material onto successive layers of powders  

 

 Binder is deposited in areas corresponding to the cross 
sections of part, as determined by slicing the CAD geometric 
model into layers  

 

 The binder holds the powders together to form the solid part, 
while the unbonded powders remain loose to be removed later  



Three dimensional printing: (1) powder layer is deposited, (2) ink-
jet printing of areas that will become the part, and (3) piston is 
lowered for next layer (key: v = motion). 

Binder Jetting 



Applications: Healthcare 

 Rapid manufacturing is a custom fit for patients and 
providers: 

 

 Hearing Aids 

 Medical Devices 

 Surgical Guides / Tools 

 Dental Models / Appliances 

 Custom Prosthetics 

 



Applications: Aerospace and Defense 

 Saving costs and improving efficiency is worth 
millions - reducing part count, weight and printing 
on demand is priceless: 

 

 Military 

 Unmanned Vehicles 

 Metal Parts 

 Bridge Manufacturing 

 Non structural parts 

 



Applications: Automotive 

 Demand for more customization and the need to 
accelerate automotive designs while reducing costs is 
a formula for rapid manufacturing: 

 

 Test Vehicles 

 Bridge manufacturing 

 Non structural parts 

 Metal castings 

 



Applications: Consumer Products 

 Breathtaking but also practical - these beautiful 
pieces are both functional and durable. And the 
unlimited complexity is free! 

 

 Interior Design 

 Lighting 

 Custom Products 

 Personalized Accessories 

 Art Work 

 



3D Systems Company 

 3D Systems is a leading, global provider of 3D 
content-to-print solutions including personal, 
professional and production 3D printers, integrated 
print materials and on-demand custom parts 
services for professionals and consumers alike. 

 

 3D printing we also provide creative content 
development, 3D CAD software, curation services 
and content downloads 

http://www.3dsystems.com/ 



Rapid Manufacturing 

 Rapid manufacturing is the use of 3D printing to 
produce plastic or metal end use parts and custom 
products without the time, cost, tooling, overhead 
and extra steps required for traditional 
manufacturing.  

 

 In specific market segments like aersopace and 
defense, where products are counted in the 10's 
versus 1000's, they quickly recognized the 
tremendous advantages of high value, low volume 
manufacturing through the use of 3D printing.  

 



3D Printers: Professional 

ZPrinter® 850 Professional 3D Printer 

industrial-strength, large build volume, 

Highest throughput 

 

The ZPrinter® 850 is our most productive 

color 3D printing system. It features a 

large build volume, 20 x 15 x 9 inches 

(2700 cubic inches) and prints at 600x540 

dpi resolution with top of the line color and 

the highest throughput. 



Personal Printers: ProJet 1500 



Personal Printers: 3D Cube 

 Cost for only $1299 

 

 Connect to PC 

 Plug and Play 

 

 Options 

 Design using software 

 Download designs from net 

 On-line communities that share work 



Personal Printers: 3D Cube 



Conclusion 

 Prototyping is an important step in the design process 
than can also be used in re-engineering. 

 

 Rapid prototyping is family of fabrication processes 
developed to make engineering prototypes in minimum 
lead time based on a CAD model of the item. 

 

 3D printing is additive manufacturing process for 
manufacturing three dimensional solid objects from a 
digital file.  


