CAD/CAM
ABSTRACT:
            It is said that first industry revolution was experienced in eighteenth century when attempts were made to substitute muscle power by mechanical energy. The world is now passing through second industrial revolution with the fantastic advance occurring continuously in the field of electronics and computer science and the computer substituting human brain in the control of machine and industrial process.

          The manufacturing scene today is undergoing a revolution. The mass production of any product or component economically is possible. Due to high cost of material, any waste of material during manufacturing is intolerable. To meet these requirements, there is rapidly growing need for improved communication and feed back between the manufacturing and design process, integrating them into a single system capable of being optimized as a whole. The use of computer in manufacturing process is the answer to meet this requirement and objectives.

            (CIM) computer integrated manufacturing is a recent technology being tried in advance computer and it comprises a combination of software and hardware for product design, product planning, product control, product equipment and product process.

              In this CIM technology CAD/CAM play an effective role. CAD/CAM system is ideally suited for designing and manufacturing mechanical components of free from complex 2-dimensional and 3-dimensional shapes.     

               CAD/CAM technology plays an important role in functioning of robots. In CAD/CAM system the robot work data is prepared from CAD data from the first designing process. This system is a kind of off-line teaching system. Since an actual robot is not used to input data for path creation, the coordinate system data must be corrected and simulations necessary before loading a created data.

                Robots are inevitable for application in the field where the work is extremely difficult or impossible for human being to perform.

                 Some of such examples are: Work requiring speed, precision or function exceeding human ability, or that which requires entering a sterile environment, vacuum, outer space, or around a nuclear reactor, places that a man cannot enter easily or at all.

INTRODUCTION:-

    WHAT IS CAD/CAM?

       Computer-aided design (CAD), Computer aided manufacturing (CAM) can be defined as the use of digital computer to assist the designer in the:

* Creation

* Development

* Modification

* Analysis 

* Optimization of a design and manufacturing activity.

CAD/CAM Technology:

                     CAD/CAM (Computer Aided Design/ Computer Aided Manufacturing) technology was initiated in the aerospace industry but is now widely spreading in all industries. It can be defined more simply as the use of computer to translate a product’s specific requirements into the final physical product. With this system, a product is designed, produced, and inspected in one automatic process. It play a key role in area such as design , analysis, production planning, detailing, documentation, N/C part programming, tooling fabrication, assembly, jig and fixture design, quality control, and testing. Where ever any deviation is noted, a programmable controller takes automatic corrective action to compensate for the deviation. Thus a choosed loop system is formed which produce consistence quality product, reduce waste and increase productivity. Computer technology has become essential for improving performance and safety. Computer help is relaying proper information to the desired place at the proper time and thus avoid malfunctions and avert catastrophes before it is too late to prevent them. CAD/CAM technology can be optimized by using computer to integrate company-wide management of engineering information.

                      It is very important that while introducing CAD/CAM system for the first time, a suitable system is chosen for the proposed application. It must be remembered that CAD/CAM can improve the efficiency in many areas of the company operation, but initially this system may be installed to cover only some of these requirements. However, 

it is important to ensure that system chosen is expandable so that gradually as the person get  trained and gain confidence in the system, can cover more and more areas.

               The basic approach to selection is the identification of area where CAD/CAM system can contribute effectively; specification of the system; preliminary system evaluation and drawing list of equipment desired; and final intensive system evaluation.

DESCRIPTION:-

 BASIC LAYOUT OF USING CAD/CAM IN COMPUTER INTEGRATED       MANUFACTURING (CIM):

  DESIGN AND MANUFACTURING INTEGRATION.   

              Digital computers form the main link for integration of design and manufacturing; CAD supporting the design engineering and CAM supporting manufacturing engineering activities. CAD/CAM as integrated does not treat design and manufacturing as separate activities but integrate them into a continuum of activities. 

              Strictly speaking CAD take care of design. CAM take care of manufacturing planning and control. CAD and CAM functions are integrated in common database. When business functions are also integrated in CAD/CAM, we get computer integrated manufacturing (CIM).   

                The below block diagram is showing the four major functions of factory operation and   how CAD/CAM and along with there separate packages are integrated as a whole along with computerized business system, making total integration of entire factory operation.
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SOFTWARE AND HARDWARE FOR CAD/CAM:

                The functions of CAD/CAM system are mainly determined by the software. Hardware is responsible for the reliability and speed of response of the system. Computer hardware for CAD/CAM can be any computer with graphic capability.

               Software usually consists of a number of separate application package to perform the desired function. The size of computer depends on the number and size of package and number of work station.

                A wide range of standard software is available and generally it is not worth developing user own software.

             Application software include drafting and dimensioning software , 3-D geometric modelling, surface modeling, solid modelling, parametric and feature based modelling,

Nesting, Mould flow, Finite Element Analysis, NC (numerical control), CAPP (computer aided process planning), and MRP (material requirement planning), etc.

                The most important feature of a CAD is the 3-D geometry modeling. The geometry can be represented by wire frame, surface and solid model. The wire frame models are simple to create by specifying point, lines and curves. This wires frame model which contain lines and curves are ambiguous particularly when the object is of complex shape. The problems of wire frame models are over come with surface models. This technique uses the basic of surface of geometry to build complex surface of components like dies, moulds, automotive and aero industry parts. Even in the surface modelling technique, although it is better to wire frame, it has difficulties in obtaining mass properties and to create sectional view and to remove hidden lines for clarity. The solid modeling approach overcomes this problems and the component is represented in a realistic objects for the designer to visualize before going for further analysis, manufactures etc. solid modeling method is highly beneficial to the designer. Another new approach is known as future based design. The designer specifies which features should go where on a part. The CAD system converts the feature information into the necessary geometry. This method is more advantageous in application like process planning.

               CAD systems are used conjunction with design analysis software’s to predict behavior and performance and thereby optimizing the product. The analysis software are Finite Element Analysis, Mould Flow Analysis, Mechanism Analysis and Nesting. The Finite Element method essentially requires model creation, mesh generation, analysis and output processing. The Finite Element approach can applied to many areas such as vibrations, fluid flow, heat transfer and magnetic flux analysis etc. the mould flow software enables simulation of flow of plastic through a mould. The designer enters data on the material, temperatures, time and position of injection point. The mould flow software calculates volume, flow rate, temperature contours, pressure and shear stresses. By studying these output parameters the design can be optimized. Nesting software is typical and relevant to some industries like sheet metal industry etc. In this the CAD/CAM system provides optimum 2D layout for a set of components and an NC tape to produce same. Mechanism analysis is used to ascertain the way systems comprising mechanisms behave. Basically it involves static and dynamic analysis. Static analysis calculates large displacement, velocities and accelerations of mechanism. Dynamic analysis uses mass properties and forces to calculate positions, velocities and constraint reaction forces of parts of the mechanism. Apart from animation of the mechanism on the graphics screen, the output quantities such as force versus time or displacement are available in graphic format.

                    CAM software was originally used to generate NC programs for CNC machine tools. Now the CAM software is used for applications like computer aided process planning (CAPP), business oriented manufacturing management functions like MRP, production scheduling, inventory control, order tracking, shop floor control etc.

                   The CAD created design data is the basis for all subsequent functions like CAPP,CL data generation, inspection of the product, which would also include work scheduling, material requirement planning(MRP),inventory control, shop floor control etc. A total integration of engineering functions and manufacturing management functions will lead to CIM which turns out better product and improvement in productivity.

FUNCTIONING OF CAD/CAM SYSTEM

                    Computer aided design/computer aided manufacturing technique is now being applied by big industries for improving over all manufacturing performance. CAD/CAM is interactive computer graphical tool that enhances design a manufacturing functions to create highly profitable product. This new technology is catching up very fast in advanced countries like U.S.A. to take care of falling productivity, worsening inflation, and scarce engineering resources. It is not a standard tool which can be fitted into any company but has to be tailored to suit the needs of the company. It is rather complex technology and has wide potential for immediate benefits. The development of company, wide CAD/CAM tool requires a long term commitment and integrated effort in various manufacturing activities. The need for company wide long range planning is essential for successful implementation of this technology.  It may be mention that ful impact of computer assistance can’t be realized until all tasks (viz. design, manufacturing and management functions) are integrated into a single linked system with different users in the company accessing either common data or data relating to their own specific function.
                    Usually this tool consists of a dedicated computer, which is connected to a number of workstation. The system is used to assist in the design and manufacturing, through the use of an expandable set of linked software modules. A designer can define dimensions and display view of 2-D and 3-D part on modules. It is possible to generate the families of part directly by a parametric processor either by direct scaling or using a catalogue of sub programs. Form the geometric definition a solid model can construct, to assist in visualization. It is to possible to store complete details of designs on numerical

Control tapes for subsequent use on demand. Bench marking tests are carried out to ensure systems capability.

INTERACTIVE COMPUTER GRAPHICS (ICG)

             ICG is an important part of CAD system. It is a user oriented system using computer to create, transform and display data in the form of pictures or symbols. The designer can create an image on CRT screen by entering commands by using a combination of elementary geometric symbols of elements stored in the computer memory. The image can be modified, enlarged/reduced in size, moved to another location on the screen, rotate and transformation carried out –alphanumerical information is printed on the sketch as desired.

               The ICG system comprises of a control processing unit, graphic display terminal, printer, plotter, and drafting equipment plus the computer programs to implement graphic processing and any other specialized application programs to accomplish the particular desired engineering functions.

POTENTIAL APPLICATION AREAS OF CAD/CAM

           Design and Design Analysis: CAD system would be best suited for drawing offices where frequent modification are required on drawing and several parts repeat. It must be remembered that it very easy with computer to make modifications and very fast to draw part profile once it details are feed in computer. Once a drawing is entered in the CAD system, later modification can be done quickly, and detailed drawing can be prepared quickly from a general arrangement drawing, NC tapes can produced. Storing of the drawing is very convenient, easy, occupies very less space and symbols for electrical, hydraulic, control and instrumentation circuits can be called up quickly and positioned on the schematic drawing. Standard components can be stored permanently in the data base and called up and positioned on the drawing, resulting in saving of time and enforcement of standard. It is possible to associate non graphical information like part number, supplier, material etc. for any component/assembly.

                It is very convenient to calculate properties like weight, center of gravity, moment of inertia, etc. and 3-D model can be easily produced. It is also possible to carry out finite element analysis by producing meshes for analysis.

  Manufacture: With CAD/CAM system the complete NC part programming process can be carried out interactively, including post processing and production of NC tapes. Source programs in languages such as APT can be produced. System can verify tapes by producing tool center path plots. Some system can show metal being removed dynamically.

            It is possible to store libraries of standard tools and tool holder, thus carrying out process planning.

              By calling up and manipulating standard fixturing components, like studs, stops, clamps, bushes, location devices, fixtures etc., it is possible to design a fixture for a component already designed on the CAD/CAM system. 

             Exploded views, schematics and diagram, 3-D colors shaded like photographic views of the part can be produced. Tenders and estimates can be quickly produced to high quality.
BENEFITS OF CAD/CAM:
* Introduction of computer has resulted in a better and consistent quality product at                                                                                                                  reduced costs  
* CAD has enable creation of assemblies and parts in the computer, there analysis, optimization, stimulating the functionality, aesthetic requirements etc.

* It has resulted lead time in the design office.

* Easy referencing and material of earlier design, data and information.

* Time for changing design and updating document is reduced considerably 

* Designer is relived from routine work and is allowed more time for creative tasks.

* Dependence on design subcontractors is reduced.

* Design personal can be used effectively for long term tasks like creating standard         database, preparing parametric designs etc.

* The data created at design stage can be used in manufacturing database and other planning and machine control functions.

* NC programming time is reduced.

* NC programs can be developed precisely and conveniently due to onscreen simulation of tool paths.

* CAD techniques provide the design engineer a new powerful tool depending on degree of integration with other activities like design verification, finite element analysis, machines, mould flow analysis, solid and surface modelers, documentation, computer aided process planning, shop floor data collection, production control etc.

* CAD/CAM has resulted improved productivity in design engineering and manufacturing, and productivity gain results in reduction of cost and cycle time, improvement in quality.

*Computer aided inspection utilizes the design database to arrive at the qualitative analysis of the product.

ADVANTAGES OF CAD/CAM SYSTEM:

               CAD/CAM system offers several advantages and results in improved work quality, more pertinent and useable information and improved control.
  The various advantages are summarized below:                  
     * Increases productivity of the design 
    *  Improves the quality of design.

     * Improves design documentation.

     * Improves communication. 

     * Creates database of manufacturing.

     * Shorter lead time.

     * Reduced engineering personal requirement.

     * Improved and better designs.

     * Minimized design and transcription error.

     * Greater accuracy.

ADVANTAGES OF CAD/CAM IN MANUFACTURING

                 The advantages of computer aided design carry over into manufacturing give to common database for design as well as manufacturing, planning an control. 

  In manufacturing, following advantages accrue from CAD/CAM:  

    * Increased machine utilization.

* Reduced direct and indirect labor.

* Reduced manufacturing lead time.

* Scheduling flexibility.

THESE ARE FEW DESIGN MODEL OF CAD/CAM:

1.VIEW OF ENGINE:
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2.VIEW OF BRACKET:
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3. CONNECTING ROD:
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4. ISOMETRIC VIEW OF HOUSE:
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5.EXPLODED VIEW OF ENGINE:
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6. EXPLODED VIEW OF MOULD BOX:
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7. ISOMETRIC VIEW OF HOUSE:
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