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Industries frequently require the creation of a 3D CAD model from existing parts that required further work or modifications.  Various reverse engineering technologies (RE) now exist that can produce 3D CAD information from real parts.  There are two main stages in the RE process.  The first stage, digitizing or measuring, the second stage, 3D modeling and data manipulation.  Some of the main applications of RE are listed below:


Making a computer model from a hand crafted model.


Producing a custom made product that fits to an existing product.


Providing 3D data when 2D data is not available or insufficient.


When the original CAD data is not usable.


Verification and inspection of the existing component from the initial design.


Medical applications.


Several RE methods are available.  Every system has strong and weak points.  The selection of a RE system very much depends on the nature of the project or the final requirement.  The RE system is normally made up of a scanning device, computer hardware and software.


Some of the RE system selection criteria are:


Scanning size, speed, and accuracy.


Scanning axis, 2, 3, 4, 5 & more.


Scanning interface with post processes.


Cost of system, capital investment.


Manipulation the captured data often requires computer power and software programs.  Several software packages are available on the market to perform the post processing of captured data.  





Introduction


The main aim of this publication is to share the information gained from intensive research of Reverse Engineering (RE) technologies.  Technology transfer to industry is imperative for industrial growth and will be achieved with this presentation.


The overview will also include an overview, which will cover REVERSE ENGINEERING (RE).  The publication will end with the acknowledgement of individuals and organizations acting as important research contributors of this technology.
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Overview


More than 30 RE methods investigated, can be tabulated in two groups namely contact and non-contact methods.  The contact method group consists of touch probe and destructive methods.  The non-contact method group consists of laser, computer axial/aided tomography (CAT X-ray), magnetic resonance imaging (MRI), optical and ultra sonic methods.


The Contact Method Group


Co-ordinate Measurement Machines


Co-ordinate measurement machines (CMM) can be used for digitizing the shape of a part.  These machines normally have touch probes but laser probes can also be fitted.  CMM have either a gantry or an arm that accommodates the probe.  Few points can be sampled in the same time, compared to other RE systems.  CMM operation is comparatively slow to other RE systems (approx. 80 points/sec.)  Selective geometric scanning should be executed rather than point cloud data capturing.  More than 3-axes can normally be scanned in.


Skilled meteorologists are very often required to drive the CMM systems efficiently.  Superb accuracy, less than 5 чm, can be achieved and guaranteed in an environmentally controlled environment with CMM.


Robotic Arm Systems


Manual driven devices has more degrees of freedom, sometimes up to 6 degrees with a 7-axis of operation.  The user places the probe at the desired location and sample 3D coordinates.  Manual devices are not as accurate as CMM systems.  Most robotic arm type systems are portable.  This great advantage opens possibilities of on site scanning of very large components.  Robotic arm systems can be fitted with laser, optical or touch probe-capturing devices.


Destructive Systems


This slicing method, is a destructive method that can measure internal as well as external geometry.  A x-sectional cut will be taken from a component.  This x-section will be scanned and the data stored on computer.  The component being scanned will therefor be destroyed and is not always acceptable.  


Touch Probe Systems


Touch probe systems often operate on a similar method as CMM but at normally greater speeds and lower accuracy.


Some touch probe systems can be machine retrofitted.  This means that a 3-axis CNC milling machine can be used as a scanning device.


The Non-Contact Method Group


Laser Systems


Laser systems can measure a large number of points in a very short period without touching the surface of the article.  Point capturing speed varies, but is in the order of 2400 to 15 000 points per second.


Measurements are based on reflecting a laser beam or a laser line from the scanned or digitized surface.  The system uses a charged-coupled device (CCD) camera and triangulation method to determine the coordinate position.  The sensor (a CCD) can also be attached to a machine tool.  Most laser systems are non-destructive and not as accurate as CMM equipment.  Laser based systems can capture 3, 4 & 5 -axes geometry.


Some laser based systems can also be machine tool retrofitted.  This allows the optimal usage of a 3-axis CNC milling machine that can be used as a scanning device when not utilized for manufacturing.


 Optical Systems


The Moiré Interferometer system is based on projecting a grid of contrast lines onto a work piece.  When the reference grid overlies the grid, interference lines are generated.  The interference lines are used to calculate the geometry of the surface.  A huge amount of data can be collected without making contact with the part.  


Some optical systems can capture more than 100 000 points per second.


Computer Axial/Aided Tomography (CAT) Systems


CAT scanning is widely used in the medical industry together with magnetic resonance imaging (MRI) and ultra sonic imaging.


CAT scanning is becoming a very attractive method of reverse engineering in industry.
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CAT, Computer Axial Tomography, is a technique using x-ray to photograph one specific plane of the body.  A CT, Computerized Tomography scanner is a x-ray machine that rotates through 180 degrees around a patient or object taking measurements every few degrees.


Two-dimensional CAT scan images will allow a surgeon to accurately measure bone structures.  A series of scanned images at different intersections along the axis of the body will allow a physician to form a global picture of the patient’s internal condition. 


The advantage of this technology will ensure that the two dimensional images are converted to three-dimensional images.  It will also enable the surgeon to have a physical three-dimensional model of a bone structure with or without the fiber-tissue section to view and plan his operation.  The risk involved in any medical operation will be greatly reduced. 


Instead, an MRI uses a giant magnet along with a computer.  The magnet generates a varying magnetic field, around the patient.  This field causes the hydrogen atoms in the body to line up.  A radio signal is sent, knocking the hydrogen atoms off center; they wobble like tops.  A computer measures the speed with which the atoms return to the center and use that information to create an image of the inside of the body on a monitor similar to a television screen.





The body images can be created from front to back, from side to side, or in a cross section.  The MRI is especially good at making images of soft tissues, such as the brain and spinal cord, tendons, muscles, or arteries.


For example, if a person suddenly dropped to the floor with a seizure, doctors would need to know what was happening in his or her brain to cause the seizure.  The MRI could be a lifesaver.  A scan of the brain could show a tumor that no one had suspected was there.  Such tumors can often be removed with brain surgery.  


This technology can also be applied for re-constructive surgery pre-operative planning.  Existing bone structures can be used to model and replace damaged sections.
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This technology can also be used to rapidly produce artificial limbs.  The application of this technology can also assist bio-mechanical analysis applications.


A simple software package can also be used by the medical student to view these 3D models of the human anatomy.  It will also enable the student interested in the medical field to have a physical three-dimensional model of a bone structure in his hand to look at.


CAT & MRI scanning equipment are very expensive.  These systems are not as accurate compared to any of the other RE systems.  One of main advantages that these systems have is the capability to capture internal geometry non-destructively.  Some of these systems also are limited in the scanning components made from only certain materials.


Combining RE systems with other existing Computer Aided Engineering (CAE) technologies such as, 


Rapid Prototyping (RP), 


Rapid Tooling, 


Computer Aided Design (CAD), 


Computer Manufacturing (CAM) and 


Process- and Finite Element-Modeling (FEM), 


enables engineers and technicians to provide most engineering sectors with new, rapid, innovative and cost effective solutions.(
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