
Philadelphia University 

Faculty of Engineering 
Mechatronics Engineering 
 

Part -II Dr. Omar R Daoud 1 

Reverse Engineering 

(640458) 



Mechanical RE 

 Computer Aided (CA) RE: 

 CA Design (CAD): 

 Computer drawings are neat, clean, 

highly presentable, and can be modified 

easily. 

 Can be defined as the use of computer 

systems to perform certain functions 

in the design process i.e. to assist in 

the creation, modification, analysis, and 

optimization of a design 

 With CAD, parts or components can be  

modeled, visualized, revised, and 

improve on the computer screen before 

any engineering drawings have been 

created.  
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Mechanical RE 
 Computer Aided (CA) RE: 

 CA Design (CAD): 

 Parts that have been modeled can be 

assembled in the virtual environment of 

the computer.  

 The relative motion of moving parts can 

be animated on the computer.  

 The part can be analyzed 

computationally and redesigned.  

 The machine tool path or mold filling 

flow to fabricate the part can be 

modeled on the computer.  

 The part model can be downloaded to a 

rapid prototyping system that can create 

a physical model of the part in a few 

hours with virtually no human 

intervention. 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CA Design (CAD): 

 Typical tools: 

 Tolerance analysis 

 Mass property calculations 

 Finite-element modeling and 

visualization 

 Defines the geometry of the design 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD Process: 

 Two types of activities:  

 Synthesis:  

 It is largely qualitative and hard to 
capture on computer 

 Analysis: 

 It can be greatly enhanced with 
computers  

 Once analysis is complete: 

 Design evaluation-rapid 
prototyping 

 Software packages for 
design optimization 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD Capabilities: 

 Presentations: 
 You can create fine drawings with 

presentation symbols and text styles. 

 You can use CAD program to make on 
screen presentations. 

 Flexibility in editing: 
 CAD provides the flexibility to make quick 

alterations to drawings  

 Some of the editing capabilities are such 
as; move or copy drawing elements, 
enlarge or reduce size of a drawing, make 
multiple copies of a drawing, change units 
of measure and etc. 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD Capabilities: 

 Units and accuracy level 
CAD program allows you to work with great 
accuracy. You can also work with different 
units of measure, such as architectural units, 
engineering units, scientific units and 
surveyor units. 

 Storage and access of drawings 
It is quick and convenient to organize CAD 
drawings. You can have thousands of 
drawings on a computer’s hard disk and you 
can open any one of them within seconds 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD Capabilities: 

 Units and accuracy level 
CAD program allows you to work with great 
accuracy. You can also work with different 
units of measure, such as architectural units, 
engineering units, scientific units and 
surveyor units. 

 Storage and access of drawings 
It is quick and convenient to organize CAD 
drawings. You can have thousands of 
drawings on a computer’s hard disk and you 
can open any one of them within seconds. 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD Capabilities: 

 Sharing CAD drawings 
The drawings can be shared by a number of 
users, allowing them to coordinate projects 
and work as a team. This is accomplished by 
connecting different computers via a network. 
You can also publish your drawings on the 
Internet and collaborate CAD projects using a 
web site. 

 Project reporting 
The computer can be used to prepare project 
reports  

 Engineering analysis 
There is a separate category of programs 
called CAE that can use CAD drawings for 
engineering analysis.  
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD Capabilities: 

 Computer aided manufacturing 
(CAM) 

 CAM is a common method of 
manufacturing used by large 
corporations.  

 These systems import CAD drawings 
into CAM programs to automate the 
manufacturing process. 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD Models: 

 A CAD model is a computer 
representation of an object or part  

 It contains all of the design 
information including geometry, 
dimensions, tolerances, materials 
and manufacturing information. 

 It replaces the paper blueprints and 
engineering drawings  

 The simplest model used in CAD is 
a 2D model.  

 It is essentially the computer 
graphics equivalent to an 
orthographic projection  
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD Models: 

 A 3D model is the most general 
model used in CAD software.  

 This model is equivalent to an 
isometric view  

 2 basic types of 3D models are wire 
frame and surface models.  

 In a 3D wire frame model, only edges 
of the object are represented. 

 A 3D surface model defines the 
object in terms of surfaces such as 
plates (flat) and shells (curved) in 
addition to edges. 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CA Manufacturing (CAM): 

 is the use of computer systems to 

plan, manage and control the 

operations of manufacturing 

plant through either direct or 

indirect computer interface with the 

plant’s production resources. 

 Direct or indirect computer interface 

with the plant’s production 

resources  

 Numerical control of machine tools 

 Programming of robots 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CA Manufacturing (CAM): 

 From its definitions, the application 

of CAM falls into two broad 

categories:  

 Computer monitoring and control 

 

 

 

 Manufacturing support application 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CA Engineering (CAE): 

 Use of computer systems to analyze 

CAD geometry 

 Allows designer to simulate and 

study how the product will behave, 

allowing for optimization 

 Finite-element method (FEM) 

 Divides model into interconnected 

elements 

 Solves continuous field problems 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD/M/E systems components: 

 The major component are:  

 Hardware and Software allowing 
shape manipulation. 

 Hardware includes graphic 
devices and their peripherals for 
input and output operations 

 Software includes packages that 
manipulate or analyze shapes 
according to user interaction 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD/M/E systems components: 

 The major component are:  

 Hardware Components: 
 Graphic device is composed of a 

display processing unit, a display 
device, and one or more input 
devices 

 Input devices: 

 Mouse 

 Space ball 

 Data tablet with a puck or stylus 

 Keyboard 

 Output Devices: 
 Plotters 

 Color laser printers 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD/M/E systems components: 

 The major component are:  

 Software Components: 

 CAD software allows the 
designer to create and 
manipulate a shape interactively 
and store it 

 CAM software plans, manages 
and controls the operations of a 
manufacturing site 

 CAE software analyzes design 
geometry, allowing designer to 
study product behavior 
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Mechanical RE 

 Computer Aided (CA) RE: 

 CAD/M/E systems Advantages: 
 Software Greater flexibility. 

 Reduced lead times. 

 Reduced inventories. 

 Increased Productivity. 

 Improved customer service. 

 Improved quality. 

 Improved communications with suppliers. 

 Better product design. 

 Greater manufacturing control. 

 Supported integration. 

 Reduced costs. 

 Increased utilization. 

 Reduction of machine tools. 

 Less floor space. 
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Sequences to manufacture engineering products 

Mechanical RE 
 Computer Aided (CA) RE: 

 RE is a process: 

 by which a complex CAD 

model of a part can be 

constructed from point clouds 

scanned by various 3D 

scanners. 

 of creating a math model from 

a physical one 

 that can be used to extract 

mechanical information 

especially at the lack of any 

design/manufacturing 

documents. 
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Mechanical RE 
 Computer Aided (CA) RE: 

 Product Development Approaches: 

 Conventional: 

 Starts with the geometric modeling 

utilizing a CAD system (could be 

represented as a wire frame or as 

surfaces or as a solid structure). 

 The generated CAD information could 

be:  

 exported subsequently in standard 

format (e.g. IGES points/STL binary)  

 and imported in the same data 

format to: 

 CAE systems (allowing 

numerical model simulation) 

and/or  

 CAM systems (allowing to 

generate tooling trajectories—

NC-code). 

 

 

 
7/8/2018 Dr. Omar R Daoud 21 

Sequences to manufacture engineering products 



Mechanical RE 
 Computer Aided (CA) RE: 

 Product Development Approaches: 

 Non-Conventional (i.e. RE): 

 Used when the physical product is 

available, but no CAD data is available 

 Therefore, need to 

 Capture the geometry of parts/ tools (or 

prototypes) 

 Generate a conceptual numerical model 

that will be used in CAE and CAM 

systems 
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Sequences to manufacture engineering products 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 1) Data Capture: 

 There are many different methods 

of acquiring shape data 

 Interacting methods with the 

surface, the volume of the interests 

using specific mechanism or 

phenomenon 

 Non-contact methods of data 

capture, where contact type probes 

at the end of the robot arm uses 

light, sound or magnetic fields, 

while in others the surface is 

touched.  
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Sequences to manufacture engineering products 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 1) Data Capture: 

 There are many different methods of 

acquiring shape data 

 Interacting methods: 

 Advantages 

 Very fast scanning 

 Very precise 

 Possibility of manual scanning 

 Disadvantages 

 Not appropriate for soft material 

 Scanning of unknown surfaces is difficult 
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Physical Touching Probe 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 1) Data Capture: 

 There are many different methods 

of acquiring shape data 

 Non-Contact methods: 

 Advantages 

 Precise and fast in z-direction 

 Possible to scan soft materials 

 Disadvantages 

 High price equipment 

 Does not work on reflective 

materials 

 Sensitive to dust 
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Laser beam probe 

Optical sensors 



Sequences to manufacture engineering products 

Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 Data Capture: Digitization 

 Digitizing is the process of 

gathering data from an undefined 

three-dimensional surface. 

 The first objective of RE 

methodology is to generate a 

conceptual model (example: 

surface triangulated) from a 

physical model: a sample (part or 

tool) or prototype.  

 3D-scanning (digitizing) 

techniques and specialized 

software’s for model reconstruction 

are necessary. 
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Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 Data Capture: Digitization 

 During the scanning process, an 

analogue-scanning probe is 

commanded to move back and 

forth (contact or non-contact) 

across the unknown surface. 

 During this process, the system 

records information about the 

surface in the form of numerical 

data—generates a point’s cloud 

matrix (3D-coordinates). 

 This data may then be used to 

create a CNC-program to machine 

a replica or geometric variant of 

the shape. 
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Sequences to manufacture engineering products 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 Data Capture: Digitization Factors 

 What is the model made of? 

 What is the physical condition of 

the model? 

 Need for fixtures. 

 Alignment requirements. 

 Digitizer errors. 

 Available digitizers. 

 What is the required use of the 

resultant geometric model? 
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Sequences to manufacture engineering products 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 2) Segmentation: 

it is the process, in which, data points 

are grouped into sets to which an 

appropriate single surface can be 

fitted.  

 3) Surface Fitting: 

 It involves fitting or constructing a 

surface, by the use of a set of 

points, which are segmented in the 

segmentation process.  

 Depending on the requirement and 

accuracy, different types of surface 

construction methods are used.  
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Sequences to manufacture engineering products 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 4) CAD model creation: 

 The purpose of this final phase is 

to create a consistent and 

contiguous model of vertices, 

edges and faces, where both the 

adjacency relationship between the 

constituent elements and 

mathematical equations of 

underlying edges, curves and 

surfaces are explicitly stored.  

 This constructed CAD model can 

be used for further modifications or 

analysis such as finite element 

analysis, rapid prototyping, g-code 

generation etc. 

 

 

 

 

 

7/8/2018 Dr. Omar R Daoud 30 

Sequences to manufacture engineering products 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 Example: 3-D CAD redesign from 

data  

The data generated during 3D-

scanning, i.e. the digital points cloud 

data in X, Y, Z coordinates, is 
exported to a model reconstruction 

system software to be transformed in 

a conceptual model supported by a 

triangular surface geometry or by a 

CAD-surface data 
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Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 Example: 3-D Car Parts Manufacturing  
Industry parts no longer in production (ie. car parts) or lacking the original design documents can use 3D 

scanning to capture the information needed for reproduction. Using a 3D scanner, product designers and 

engineers can quickly and accurately obtain precise measurements of an existing object for reference instead of 

designing from a blank slate, saving valuable time and money. Scan data contains all the measurement 

information that serves as a guide to model scanned data into a CAD model, the conceptual design of a part 

ready for production. During this stage, additional features or details can also be added, modified, or edited to 

the part in the final design. “https://gomeasure3d.com/industry-applications/” 
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Reverse engineering workflow from 3D scan data to 3D CAD modeling. 3D 

scanners output point cloud or polygon mesh. A separate software is required to 

convert scan data to CAD model 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 Example: 3-D in Medical Fields 
D scanners have become valuable in the medical field as they capture vast amounts of face and body 

measurements in a matter of seconds. Since each person is unique in their physical appearance, medical 

practitioners can use these measurements to create customize medical products for their patients (ie. 

orthotics, prosthetics, sleep apnea masks, mouth guards).  

“https://gomeasure3d.com/industry-applications/” 
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Digital casting technology enables medical practioners to capture body measurements without physical 

contact using a 3D scanner. With 3D scanning and additive/subtractive manufacturing, customized products 

can be created for each patient. For example, custom orthotics can be produced for a specific patient by 

scanning his/her feet. 



Mechanical RE 
 Computer Aided (CA) RE: 

 RE Phases: 

 Example: Bearing Part Manufacturing 
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Mechanical RE 
 Computer Aided (CA) RE: 

 Applications: 

 It may be necessary to produce (or modify) a part when no original 

drawings or specifications of components are available 

 In some cases , stylists use full-scale wood or clay model. Once these 

physical models are ready, they are reverse engineered to get the CAD 

model for many downstream activities 

 Rapid Prototype machines can accept a CAD model constructed by a 

reverse engineering package 

 Reverse Engineering is applicable for modifying the CAD models also. 

Due to manufacturing limitations there is a  difference between the CAD 

model and physical component obtained from this CAD model. 

 The generation of custom models for use in making just a single 

component 

 each human being is different; measuring individuals and modeling them 

allows items such as special helmets, protective suits etc, to be manufactured 

so as to fit exactly.  
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Mechanical RE 
 Computer Aided (CA) RE: 

 Typical Product Life Cycle 

7/8/2018 Dr. Omar R Daoud 36 



Mechanical RE 
 Rapid Prototyping: 
 It is a computer program that constructs 

three-dimensional models of work derived 

from a Computer Aided Design (CAD) 

drawing. 

 A family of fabrication processes 

developed to make engineering prototypes in 

minimum lead time based on a CAD model of 

the item  (one can quickly and easily turn 
product designs into physical samples).  
 

 Unlike the machining traditional method 

(which 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 
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Rapid Prototyping Cycle 

©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 



Mechanical RE 
 Rapid Prototyping Cycle: 
 .STL is standard file format for all U.S. rapid 

prototyping systems 

 Preprocessing prepares .STL file for various 
rapid prototyping systems 

 Build process can last from a few hours to 
several days 

 Post processing: removal of part from 
machine, support removal, sanding. 
 

 Rapid Prototyping Process: 
 “A computer-controlled laser beam is scanned 

across the surface of a vat of liquid 
photopolymer, instantly solidifying the liquid at 
each point of contact. Using data generated 
from a CAD file, individual cross-sections of 
the three-dimensional geometry are solidified 
in turn to build up a solid part layer by layer. In 
this way even highly complex geometries can 
be built in a few hours without requiring any 
tools. “ 
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Rapid Prototyping Cycle 

©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 



Mechanical RE 
 Rapid Prototyping: 

 Layer by layer fabrication of three-
dimensional physical models from CAD 

 Fast and inexpensive alternative for producing 
prototypes and functional models 

 Build parts in thin layers 

 Minimum operation time; typically runs 
unattended 
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Rapid Prototyping Cycle 

Rapid Prototyping in surgical applications Zcorp 



Mechanical RE 
 Rapid Prototyping Categories: 

 Material removal RP: 
 Machining using a dedicated 

Computer Numerical Control (CNC) 
machine that is available to the 
design department on short notice  

 Starting material is often wax  

 Easy to machine 

 Can be melted and resolidified   

 The CNC machines are often 
small - called desktop machining   

 Material addition RP: 
 Adds layers of material one at a time 

to build the solid part from bottom to 
top  
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Rapid Prototyping Cycle 

©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 



Mechanical RE 
 Rapid Prototyping Categories: 

 Material addition RP: 
 Starting material:  

 Liquid monomers that are cured layer by layer into solid polymers  

 Powders that are aggregated and bonded layer by layer  

 Solid sheets that are laminated to create the solid part  

 Steps to Prepare Control Instructions 

 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 
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©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 

Figure 34.1  Conversion of a solid 
model of an object into layers 
(only one layer is shown). 



Mechanical RE 
 Classification of RP Technologies: 

 There are various ways to classify the RP techniques that have 
currently been developed  

 The RP classification used here is based on the form of the 
starting material:  

 Liquid-based: 

 Starting material is a liquid  

 About a dozen RP technologies are in this category 

 Includes the following processes:  

 Stereolithography 

 Solid ground curing 

 Droplet deposition manufacturing 
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©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 



Mechanical RE 
 Classification of RP Technologies: 

 Liquid-based Processes: 

 Stereolithography ( STL)  

 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  

 The first addition RP technology - introduced 1988 by 3D Systems Inc. 
based on the work of Charles Hull  

 More installations than any other RP method  
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©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 

Figure 34.2  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. 



Mechanical RE 
 Classification of RP Technologies: 

 Liquid-based Processes: 

 Stereolithography ( STL)  
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Mechanical RE 
 Classification of RP Technologies: 

 Liquid-based Processes: 

 Solid Ground Curing (SGC)  

 SGC works by curing a 
photosensitive polymer layer by 
layer to create a solid model based 
on CAD geometric data 

 Instead of using a scanning laser 
beam to cure a given layer, the 
entire layer is exposed to a UV 
source through a mask above the 
liquid polymer 

 Hardening takes 2 to 3s for each 
layer 
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©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 

Figure 34.4  SGC steps for each layer: (1) 

mask preparation, (2) applying liquid 

photopolymer layer,(3) mask positioning and 

exposure of layer, (4) uncured polymer 

removed from surface, (5) wax filling, (6) milling 

for flatness and thickness. 



Mechanical RE 
 Classification of RP Technologies: 

 Liquid-based Processes: 

 Solid Ground Curing (SGC) Facts 

 Sequence for each layer takes 
about 90 seconds  

 Time to produce a part by SGC is 
claimed to be about eight times 
faster than other RP systems  

 The solid cubic form created in 
SGC consists of solid polymer and 
wax  

 The wax provides support for 
fragile and overhanging features of 
the part during fabrication, but can 
be melted away later to leave the 
free-standing part 
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Fundamentals of Modern Manufacturing 3/e 

Figure 34.4  SGC steps for each layer: (1) 

mask preparation, (2) applying liquid 

photopolymer layer,(3) mask positioning and 

exposure of layer, (4) uncured polymer 

removed from surface, (5) wax filling, (6) milling 

for flatness and thickness. 



Mechanical RE 
 Classification of RP Technologies: 

 Liquid-based Processes: 

 Droplet Deposition Manufacturing (DDM)  

 Starting material is melted and small droplets are shot by a nozzle onto 
previously formed layer  

 Droplets cold weld to surface to form a new layer  

 Deposition for each layer controlled by a moving x-y nozzle whose path 
is based on a cross section of a CAD geometric model that is sliced into 
layers  

 Work materials include wax and thermoplastics  
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©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 



Mechanical RE 
 Classification of RP Technologies: 

 Solid-Based Processes: 

 Starting material is a solid 

 Solid-based RP systems include the 
following processes:  

 Laminated object manufacturing  

 Fused deposition modeling 
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©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 

Figure 34.5  Laminated object manufacturing. 

Laminated object manufacturing 
(LOM) 

 Solid physical model made by 
stacking layers of sheet stock, each 
an outline of the cross-sectional 
shape of a CAD model that is sliced 
into layers  

 Starting sheet stock includes paper, 
plastic, cellulose, metals, or fiber-
reinforced materials  

 The sheet is usually supplied with 
adhesive backing as rolls that are 
spooled between two reels  

 After cutting, excess material in the 
layer remains in place to support the 
part during building  



Mechanical RE 
 Classification of RP Technologies: 

 Powder-Based Processes: 

 Starting material is a powder 

 Powder-based RP systems include the 
following:  

 Selective laser sintering (SLS) 

 Moving laser beam sinters 
heat-fusible powders in areas 
corresponding to the CAD 
geometry model one layer at a 
time to build the solid part  

 After each layer is completed, a 
new layer of loose powders is 
spread across the surface   

 Layer by layer, the powders are 
gradually bonded by the laser 
beam into a solid mass that 
forms the 3-D part geometry  

 In areas not sintered, the 
powders are loose and can be 
poured out of completed part  
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Mechanical RE 
 Classification of RP Technologies: 

 Powder-Based Processes: 

 Starting material is a powder 

 Powder-based RP systems include the following:  

 Three dimensional printing (3D) 

 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  

 To further strengthen the part, a sintering step can be applied to bond the 
individual powders 
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©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 

Figure 34.6  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). 



Mechanical RE 
 RP Manufacturing Applications: 

 Small batches of plastic parts that could not be economically 
molded by injection molding because of the high mold cost  

 Parts with intricate internal geometries that could not be made 
using conventional technologies without assembly 

 One-of-a-kind parts such as bone replacements that must be 
made to correct size for each user  

 Problems with RP: 
 Part accuracy: 

 Staircase appearance for a sloping part surface due to layering  

 Shrinkage and distortion of RP parts 

 Limited variety of materials in RP  
 Mechanical performance of the fabricated parts is limited by the materials 

that must be used in the RP process 
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©2007 John Wiley & Sons, Inc.  M P Groover, 

Fundamentals of Modern Manufacturing 3/e 
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