
“Technology in Manufacturing”.

In Section 1 of this course you will cover these topics:
Historical Perspective On Digital Computers

Computer Aided Design And Manufacturing

Transformation And Manipulation Of Objects

Topic : Historical Perspective On Digital Computers

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Computer

 Understand the History of Computing

 Learn about the Stored Program Architecture

 Understand the Computer Program

 Learn about the Information Systems

 Understand the Digital Computer

Definition/Overview:

Information System: An Information System (IS) is the system of persons, data records and

activities that process the data and information in a given organization, including manual

processes or automated processes.
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Memory: A computer's memory can be viewed as a list of cells into which numbers can be

placed or read.

Software: Software refers to parts of the computer which do not have a material form, such as

programs, data, protocols, etc.

Key Points:

1. Computer

A computer is a machine that manipulates data according to a list of instructions. The first

devices that resemble modern computers date to the mid-20th century (around 1940 - 1945),

although the computer concept and various machines similar to computers existed earlier. Early

electronic computers were the size of a large room, consuming as much power as several

hundred modern personal computers. Modern computers are based on tiny integrated circuits and

are millions to billions of times more capable while occupying a fraction of the space. Today,

simple computers may be made small enough to fit into a wristwatch and be powered from a

watch battery. Personal computers, in various forms, are icons of the Information Age and are

what most people think of as "a computer"; however, the most common form of computer in use

today is the embedded computer. Embedded computers are small, simple devices that are used to

control other devices for example; they may be found in machines ranging from fighter aircraft

to industrial robots, digital cameras, and children's toys. The ability to store and execute lists of

instructions called programs makes computers extremely versatile and distinguishes them from

calculators. The ChurchTuring thesis is a mathematical statement of this versatility: any

computer with a certain minimum capability is, in principle, capable of performing the same

tasks that any other computer can perform. Therefore, computers with capability and complexity
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ranging from that of a personal digital assistant to a supercomputer are all able to perform the

same computational tasks given enough time and storage capacity.

2. History of Computing

It is difficult to identify any one device as the earliest computer, partly because the term

"computer" has been subject to varying interpretations over time. Originally, the term

"computer" referred to a person who performed numerical calculations (a human computer),

often with the aid of a mechanical calculating device. The history of the modern computer begins

with two separate technologies that of automated calculation and that of programmability.

Examples of early mechanical calculating devices included the abacus, the slide rule and

arguably the astrolabe and the Antikythera mechanism (which dates from about 150-100 BC).

Hero of Alexandria (c. 1070 AD) built a mechanical theater which performed a play lasting 10

minutes and was operated by a complex system of ropes and drums that might be considered to

be a means of deciding which parts of the mechanism performed which actions and when. This is

the essence of programmability. The "castle clock", an astronomical clock invented by Al-Jazari

in 1206, is considered to be the earliest programmable analog computer. It displayed the zodiac,

the solar and lunar orbits, a crescent moon-shaped pointer travelling across a gateway causing

automatic doors to open every hour, and five robotic musicians who play music when struck by

levers operated by a camshaft attached to a water wheel. The length of day and night could be re-

programmed every day in order to account for the changing lengths of day and night throughout

the year. The end of the middle Ages saw a re-invigoration of European mathematics and

engineering, and Wilhelm Schickard's 1623 device was the first of a number of mechanical

calculators constructed by European engineers. However, none of those devices fit the modern

definition of a computer because they could not be programmed.

In 1801, Joseph Marie Jacquard made an improvement to the textile loom that used a series of

punched paper cards as a template to allow his loom to weave intricate patterns automatically.

The resulting Jacquard loom was an important step in the development of computers because the
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use of punched cards to define woven patterns can be viewed as an early, albeit limited, form of

programmability. It was the fusion of automatic calculation with programmability that produced

the first recognizable computers. In 1837, Charles Babbage was the first to conceptualize and

design a fully programmable mechanical computer that he called "The Analytical Engine". Due

to limited finances, and an inability to resist tinkering with the design, Babbage never actually

built his Analytical Engine. Large-scale automated data processing of punched cards was

performed for the U.S. Census in 1890 by tabulating machines designed by Herman Hollerith

and manufactured by the Computing Tabulating Recording Corporation, which later became

IBM. By the end of the 19th century a number of technologies that would later prove useful in

the realization of practical computers had begun to appear: the punched card, Boolean algebra,

the vacuum tube (thermionic valve) and the teleprinter. During the first half of the 20th century,

many scientific computing needs were met by increasingly sophisticated analog computers,

which used a direct mechanical or electrical model of the problem as a basis for computation.

However, these were not programmable and generally lacked the versatility and accuracy of

modern digital computers. A succession of steadily more powerful and flexible computing

devices were constructed in the 1930s and 1940s, gradually adding the key features that are seen

in modern computers. The use of digital electronics and more flexible programmability were

vitally important steps, but defining one point along this road as "the first digital electronic

computer" is difficult.

3. Stored Program Architecture

The defining feature of modern computers which distinguishes them from all other machines is

that they can be programmed. That is to say that a list of instructions (the program) can be given

to the computer and it will store them and carry them out at some time in the future. In most

cases, computer instructions are simple: add one number to another, move some data from one

location to another, send a message to some external device, etc. These instructions are read from

the computer's memory and are generally carried out (executed) in the order they were given.

However, there are usually specialized instructions to tell the computer to jump ahead or

backwards to some other place in the program and to carry on executing from there. These are
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called "jump" instructions (or branches). Furthermore, jump instructions may be made to happen

conditionally so that different sequences of instructions may be used depending on the result of

some previous calculation or some external event. Many computers directly support subroutines

by providing a type of jump that "remembers" the location it jumped from and another

instruction to return to the instruction following that jump instruction. Program execution might

be likened to reading a book. While a person will normally read each word and line in sequence,

they may at times jump back to an earlier place in the text or skip sections that are not of interest.

Similarly, a computer may sometimes go back and repeat the instructions in some section of the

program over and over again until some internal condition is met. This is called the flow of

control within the program and it is what allows the computer to perform tasks repeatedly

without human intervention. Comparatively, a person using a pocket calculator can perform a

basic arithmetic operation such as adding two numbers with just a few button presses. But to add

together all of the numbers from 1 to 1,000 would take thousands of button presses and a lot of

time with a near certainty of making a mistake. On the other hand, a computer may be

programmed to do this with just a few simple instructions.

4. Computer Program

In practical terms, a computer program may run from just a few instructions to many millions of

instructions, as in a program for a word processor or a web browser. A typical modern computer

can execute billions of instructions per second (gigahertz or GHz) and rarely make a mistake

over many years of operation. Large computer programs comprising several million instructions

may take teams of programmers years to write, thus the probability of the entire program having

been written without error is highly unlikely. Errors in computer programs are called "bugs".

Bugs may be benign and not affect the usefulness of the program, or have only subtle effects.

But in some cases they may cause the program to "hang" - become unresponsive to input such as

mouse clicks or keystrokes, or to completely fail or "crash". Otherwise benign bugs may

sometimes may be harnessed for malicious intent by an unscrupulous user writing an "exploit" -

code designed to take advantage of a bug and disrupt a program's proper execution. Bugs are

usually not the fault of the computer. Since computers merely execute the instructions they are
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given, bugs are nearly always the result of programmer error or an oversight made in the

program's design. In most computers, individual instructions are stored as machine code with

each instruction being given a unique number (its operation code or opcode for short). The

command to add two numbers together would have one opcode, the command to multiply them

would have a different opcode and so on. The simplest computers are able to perform any of a

handful of different instructions; the more complex computers have several hundred to choose

from each with a unique numerical code. Since the computer's memory is able to store numbers,

it can also store the instruction codes. This leads to the important fact that entire programs

(which are just lists of instructions) can be represented as lists of numbers and can them be

manipulated inside the computer just as if they were numeric data. The fundamental concept of

storing programs in the computer's memory alongside the data they operate on is the crux of the

von Neumann, or stored program, architecture. In some cases, a computer might store some or

all of its program in memory that is kept separate from the data it operates on. This is called the

Harvard architecture after the Harvard Mark I computer. Modern von Neumann computers

display some traits of the Harvard architecture in their designs, such as in CPU caches.

While it is possible to write computer programs as long lists of numbers (machine language) and

this technique was used with many early computers, it is extremely tedious to do so in practice,

especially for complicated programs. Instead, each basic instruction can be given a short name

that is indicative of its function and easy to remember a mnemonic such as ADD, SUB, MULT

or JUMP. These mnemonics are collectively known as a computer's assembly language.

Converting programs written in assembly language into something the computer can actually

understand (machine language) is usually done by a computer program called an assembler.

Machine languages and the assembly languages that represent them (collectively termed low-

level programming languages) tend to be unique to a particular type of computer. For instance,

an ARM architecture computer (such as may be found in a PDA or a hand-held videogame)

cannot understand the machine language of an Intel Pentium or the AMD Athlon 64 computer

that might be in a PC.
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Though considerably easier than in machine language, writing long programs in assembly

language is often difficult and error prone. Therefore, most complicated programs are written in

more abstract high-level programming languages that are able to express the needs of the

computer programmer more conveniently (and thereby help reduce programmer error). High

level languages are usually "compiled" into machine language (or sometimes into assembly

language and then into machine language) using another computer program called a compiler.

Since high level languages are more abstract than assembly language, it is possible to use

different compilers to translate the same high level language program into the machine language

of many different types of computer. This is part of the means by which software like video

games may be made available for different computer architectures such as personal computers

and various video game consoles. The task of developing large software systems is an immense

intellectual effort. Producing software with an acceptably high reliability on a predictable

schedule and budget has proved historically to be a great challenge; the academic and

professional discipline of software engineering concentrates specifically on this problem.

5. Information Systems

In a general sense, the term information system (IS) refers to a system of persons, data records

and activities that process the data and information in an organization, and it includes the

organization's manual and automated processes. In a narrow sense, the term information system

(or computer-based information system) refers to the specific application software that is used to

store data records in a computer system and automates some of the information-processing

activities of the organization. Computer-based information systems are in the field of

information technology. The discipline of Business process modelling describes the business

processes supported by information systems.
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6. Digital Computer

A computer that stores data in terms of digits (numbers) and proceeds in discrete steps from one

state to the next. The states of a digital computer typically involve binary digits which may take

the form of the presence or absence of magnetic markers in a storage medium (see memory), on-

off switches or relays. In digital computers, even letters, words and whole texts are represented

digitally. Unlike analog computers, digital computers can only approximate a continuum by

assigning large numbers of digits to a state description and by proceeding in arbitrarily small

steps.

Topic : Computer Aided Design And Manufacturing

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Computer-aided Manufacturing

 Understand the Historical Shortcomings

 Learn about the Computer-Aided Design

 Understand the Software Technologies

 Learn about the Hardware and OS Technologies

Definition/Overview:

Motors: The vast majority of robots use electric motors, including brushed and brushless DC

motors.
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Elastic Nanotubes: These are a promising, early-stage experimental technology.

Key Points:

1. Computer-aided Manufacturing

Computer-aided manufacturing (CAM) is the use of computer-based software tools that assist

engineers and machinists in manufacturing or prototyping product components. CAM is a

programming tool that makes it possible to manufacture physical models using computer-aided

design (CAD) programs. CAM creates real life versions of components designed within a

software package. CAM was first used in 1971 for car body design and tooling.

Traditionally, CAM has been considered as a numerical control (NC) programming tool wherein

three-dimensional (3D) models of components generated in CAD software are used to generate

CNC code to drive numerically controlled machine tools. Although this remains the most

common CAM function, CAM functions have expanded to integrate CAM more fully with

CAD/CAM/CAE PLM solutions. As with other Computer-Aided technologies, CAM does not

eliminate the need for skilled professionals such as Manufacturing Engineers and NC

Programmers. CAM, in fact, both leverages the value of the most skilled manufacturing

professionals through advanced productivity tools, while building the skills of new professionals

through visualization, simulation and optimization tools. The first commercial applications of

CAM were in large companies in the automotive and aerospace industries for example

UNISURF in 1971 at Renault (Bezier) for car body design and tooling.

2. Historical Shortcomings

Historically, CAM software was seen to have several shortcomings that necessitated an overly

high level of involvement by skilled CNC machinists. CAM software would output code for the

9
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

WWW.BSSVE.IN



least capable machine, as each machine tool interpreter added on to the standard g-code set for

increased flexibility. In some cases, such as improperly set up CAM software or specific tools,

the CNC machine required manual editing before the program will run properly. None of these

issues were so insurmountable that a thoughtful engineer could not overcome for prototyping or

small production runs; G-Code is a simple language. In high production or high precision shops,

a different set of problems were encountered where an experienced CNC machinist must both

hand-code programs and run CAM software. Integration of CAD with other components of

CAD/CAM/CAE PLM environment requires an effective CAD data exchange. Usually it had

been necessary to force the CAD operator to export the data in one of the common data formats,

such as IGES or STL, that are supported by a wide variety of software. The output from the

CAM software is usually a simple text file of G-code, sometimes many thousands of commands

long, that is then transferred to a machine tool using a direct numerical control (DNC) program.

CAM packages could not, and still cannot, reason as a machinist can. They could not optimize

toolpaths to the extent required of mass production. Users would select the type of tool,

machining process and paths to be used. While an engineer may have a working knowledge of g-

code programming, small optimization and wear issues compound over time. Mass-produced

items that require machining are often initially created through casting or some other non-

machine method. This enables hand-written, short, and highly optimized g-code that could not be

produced in a CAM package. At least in the United States, there is a shortage of young, skilled

machinists entering the workforce able to perform at the extremes of manufacturing; high

precision and mass production. As CAM software and machines become more complicated, the

skills required of a machinist advance to approach that of a computer programmer and engineer

rather than eliminating the CNC machinist from the workforce.

3. Computer-Aided Design

Computer-Aided Design (CAD) is the use of computer technology to aid in the design and

particularly the drafting (technical drawing and engineering drawing) of a part or product,

including entire buildings. It is both a visual (or drawing) and symbol-based method of
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communication whose conventions are particular to a specific technical field. Drafting can be

done in two dimensions ("2D") and three dimensions ("3D").

Drafting is the communication of technical or engineering drawings and is the industrial arts sub-

discipline that underlies all involved technical endeavors. In representing complex, three-

dimensional objects in two-dimensional drawings, these objects have traditionally been

represented by three projected views at right angles. Current Computer-Aided Design software

packages range from 2D vector-based drafting systems to 3D solid and surface modellers.

Modern CAD packages can also frequently allow rotations in three dimensions, allowing

viewing of a designed object from any desired angle, even from the inside looking out. Some

CAD software is capable of dynamic mathematic modeling, in which case it may be marketed as

CADD computer-aided design and drafting. CAD is used in the design of tools and machinery

and in the drafting and design of all types of buildings, from small residential types (houses) to

the largest commercial and industrial structures (hospitals and factories).

CAD is mainly used for detailed engineering of 3D models and/or 2D drawings of physical

components, but it is also used throughout the engineering process from conceptual design and

layout of products, through strength and dynamic analysis of assemblies to definition of

manufacturing methods of components. CAD has become an especially important technology

within the scope of computer-aided technologies, with benefits such as lower product

development costs and a greatly shortened design cycle. CAD enables designers to lay out and

develop work on screen, print it out and save it for future editing, saving time on their drawings.
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1. Software Technologies

Originally software for Computer-Aided Design systems was developed with computer

languages such as Fortran, but with the advancement of object-oriented programming methods

this has radically changed. Typical modern parametric feature based modeler and freeform

surface systems are built around a number of key C (programming language) modules with their

own APIs. A CAD system can be seen as built up from the interaction of a graphical user

interface (GUI) with NURBS geometry and/or boundary representation (B-rep) data via a

geometric modeling kernel. A geometry constraint engine may also be employed to manage the

associative relationships between geometry, such as wireframe geometry in a sketch or

components in an assembly. Unexpected capabilities of these associative relationships have led

to a new form of prototyping called digital prototyping. In contrast to physical prototypes, which

entail manufacturing time and material costs, digital prototypes allow for design verification and

testing on screen, speeding time-to-market and decreasing costs. As technology evolves in this

way, CAD has moved beyond a documentation tool (representing designs in graphical format)

into a more robust designing tool that assists in the design process.

2. Hardware and OS Technologies

Today most Computer-Aided Design computers are Windows based PCs. Some CAD systems

also run on one of the Unix operating systems and with Linux. Some CAD systems such as

QCad, NX or CATIA V5 provide multiplatform support including Windows, Linux, UNIX and

Mac OS X. Generally no special hardware is required with the possible exception of a good

graphics card, depending on the CAD software used. However for complex product design,

machines with high speed (and possibly multiple) CPUs and large amounts of RAM are

recommended. CAD was an application that benefited from the installation of a numeric

coprocessor especially in early personal computers. The human-machine interface is generally

via a computer mouse but can also be via a pen and digitizing graphics tablet. Manipulation of

the view of the model on the screen is also sometimes done with the use of a
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spacemouse/SpaceBall. Some systems also support stereoscopic glasses for viewing the 3D

model.

Topic : Transformation And Manipulation Of Objects

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Direct Manipulation

 Understand the Direct manipulation vs. WIMP/GUI interfaces

 Learn bout the Direct manipulation in point of sale graphic interfaces

 Understand the Direct manipulation in computer graphics

Definition/Overview:

Humancomputer interaction: Humancomputer interaction is the study of interaction between

people (users) and computers. It is often regarded as the intersection of computer science,

behavioral sciences, design and several other fields of study.
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Key Points:

1. Direct Manipulation

Direct manipulation is a human-computer interaction style which involves continuous

representation of objects of interest, and rapid, reversible, incremental actions and feedback. The

intention is to allow a user to directly manipulate objects presented to them, using actions that

correspond at least loosely to the physical world. Having real-world metaphors for objects and

actions can make it easier for a user to learn and use an interface (some might say that the

interface is more natural or intuitive), and rapid, incremental feedback allows a user to make

fewer errors and complete tasks in less time, because they can see the results of an action before

completing the action. An example of direct-manipulation is resizing a graphical shape, such as a

rectangle, by dragging its corners or edges with a mouse. The term was introduced by Ben

Shneiderman in 1983 within the context of office applications and the desktop metaphor.

Individuals in academia and Computer scientists doing research on future user interfaces often

put as much or even more stress on tactile control and feedback or sonic control and feedback

than on the visual feedback given by most GUIs. In these cases the term "graphical user

interface" seems inadequate. As a result the term direct manipulation interface has been more

widespread in these environments.

2. Direct manipulation vs. WIMP/GUI interfaces

Direct manipulation is closely associated with interfaces that use windows, icons, menus, and a

pointing device (WIMP GUI) as these almost always incorporate direct manipulation to at least

some degree. However, direct manipulation should not be confused with these other terms, as it

does not imply the use of windows or even graphical output. For example, direct manipulation

concepts can be applied to interfaces for blind or vision impaired users, using a combination of

tactile and sonic devices and software. It is also possible to design a WIMP interface that

intentionally does not make use of direct manipulation. For example, most versions of

windowing interfaces (e.g. Microsoft Windows) allowed users to reposition a window by

dragging it with the mouse, but would not continually redraw the complete window at
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intermediate positions during the drag. Instead, for example, a rectangular outline of the window

might be drawn during the drag, with the complete window contents being redrawn only once the

user had released the mouse button. This was necessary on older computers that lacked the

memory and/or CPU power to quickly redraw data behind a window that was being dragged.

3. Direct manipulation in point of sale graphic interfaces

The ViewTouch graphic touchscreen POS (point of sale) GUI developed by Gene Mosher on the

Atari ST computer and first installed in restaurants in 1986 is an early example of an application

specific GUI that manifests all of the characteristics of direct manipulation. In 1995 the

ViewTouch GUI was developed into an X Window System window manager, extending the

usefulness of the direct manipulation interface to users equipped with no other equipment than

networked displays relying on the X network display protocol. This application is a practical and

useful example of the benefit of the direct manipulation interface. Users are freed from the

requirement of making use of keyboards, mice and even local computers themselves while they

are simultaneously empowered to work in collaborative fashion with each other in world wide

virtual workgroups by merely interacting with the framework of graphical symbols on the

networked touchscreen.

4. Direct manipulation in computer graphics

Because of the difficulty of visualizing and manipulating various aspects of computer graphics,

including geometry creation and editing, animation, layout of objects and cameras, light

placement, and other effects, direct manipulation is an extremely important part of 3D computer

graphics. There are standard direct manipulation widgets as well as many unique widgets that are

developed either as a better solution to an old problem or as a solution for a new and/or unique

problem. The widgets attempt to allow the user to modify an object in any possible direction

while also providing easy guides or constraints to allow the user to easily modify an object in the

most common directions, while also attempting to be as intuitive as to the function of the widget

as possible. The three most ubiquitous transformation widgets are mostly standardized and are:
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 the Translation widget, which usually consists of three arrows aligned with the

orthogonal axes centered on the object to be translated. Dragging the center of the widget

translates the object directly underneath the mouse pointer in the plane parallel to the

camera plane, while dragging any of the three arrows translates the object along the

appropriate axis. The axes may be aligned with the world-space axes, the object-space

axes, or some other space.

 the Rotation widget, which usually consists of three circles aligned with the three

orthogonal axes, and one circle aligned with the camera plane. Dragging any of the

circles rotates the object around the appropriate axis, while dragging elsewhere will

freely rotate the object (virtual trackball rotation).

 the scale widget, which usually consists of three short lines aligned with the orthogonal

axes terminating in boxes, and one box in the center of the widget. Dragging any of the

three axis-aligned boxes effects a non-uniform scale along solely that axis, while

dragging the center box effects a uniform scale on all three axes at once.

Depending on the specific common uses of an object, different kinds of widgets may be used.

For example, a light in computer graphics is, like any other object, also defined by a

transformation (translation and rotation), but it is sometimes positioned and directed simply with

its endpoint positions because it may be more intuitive to define the position of the light source

and then define the light's target, rather than rotating it around the coordinate axes in order to

point it at a known position. Other widgets may be unique for a particular tool, such as edge

controls to change the cone of a spotlight, points and handles to define the position and tangent

vector for a spline control point, circles of variable size to define a blur filter width or paintbrush

size, IK targets for hands and feet, or color wheels and swatches for quickly choosing colors.

Complex widgets may even incorporate some techniques from scientific visualization to

efficiently present relevant data (such as vector fields for particle effects or false color images to

display vertex maps). Direct manipulation, as well as user interface design in general, for 3D

computer graphics tasks, is still an active area of invention and innovation, as the process of

generating CG images is generally not considered to be intuitive or easy in comparison to the

difficulty of what the user wants to do, especially for complex tasks. The user interface for word

processing, for example, is easy to learn for new users and is sufficient for most word processing
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tasks, so it is a mostly solved and standardized UI, while the user interfaces for 3D computer

graphics are usually either difficult to learn and use and not sufficiently powerful for complex

tasks, or sufficiently powerful but extremely difficult to learn and use, so direct manipulation and

user interfaces will vary wildly from application to application.

In Section 2 of this course you will cover these topics:
Description Of Curves And Surfaces

Solid Modeling

Optimization Techniques

Topic : Description Of Curves And Surfaces

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Surface

 Understand the Extrinsically defined surfaces and embeddings

 Learn about the Construction from polygons

 Understand the Connected Sum

 Learn about the Classification of closed surfaces

 Understand the Surfaces in geometry
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Definition/Overview:

Topology: Topology is a major area of mathematics.

Geometry: Geometry is a part of mathematics concerned with questions of size, shape, and

relative position of figures and with properties of space.

Key Points:

1. Surface

A surface is a two-dimensional manifold. The most familiar examples are those that arise as the

boundaries of solid objects in ordinary three-dimensional Euclidean space, E. On the other hand,

there are also more exotic surfaces, that are so "contorted" that they cannot be embedded in

three-dimensional space at all. To say that a surface is "two-dimensional" means that, about each

point, there is a coordinate patch on which a two-dimensional coordinate system is defined. For

example, the surface of the Earth is (ideally) a two-dimensional sphere, and latitude and

longitude provide coordinates on it except at the International Date Line and the poles, where

longitude is undefined. This example illustrates that in general it is not possible to extend any

one coordinate patch to the entire surface; surfaces, like manifolds of all dimensions, are usually

constructed by patching together multiple coordinate systems.

Surfaces find application in physics, engineering, computer graphics, and many other disciplines,

primarily when they represent the surfaces of physical objects. For example, in analyzing the

aerodynamic properties of an airplane, the central consideration is the flow of air along its

surface. A (topological) surface with boundary is a Hausdorff topological space in which every

point has an open neighbourhood homeomorphic to some open subset of the closed half space of

E (Euclidean 2-space). The neighborhood, along with the homeomorphism to Euclidean space, is
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called a (coordinate) chart. The set of points that have an open neighbourhood homeomorphic to

E is called the interior of the surface; it is always non-empty. The complement of the interior is

called the boundary; it is a one-manifold, or union of closed curves. The simplest example of a

surface with boundary is the closed disk in E; its boundary is a circle. A surface with an empty

boundary is called boundaryless. (Sometimes the word surface, used alone, refers only to

boundaryless surfaces.) A closed surface is one that is boundaryless and compact. The two-

dimensional sphere, the two-dimensional torus, and the real projective plane are examples of

closed surfaces. The Mbius strip is a surface with only one "side". In general, a surface is said to

be orientable if it does not contain a homeomorphic copy of the Mbius strip; intuitively, it has

two distinct "sides". For example, the sphere and torus are orientable, while the real projective

plane is not (because deleting a point or disk from the real projective plane produces the Mbius

strip). More generally, it is common in differential and algebraic geometry to study surfaces with

singularities, such as self-intersections, cusps, etc.

2. Extrinsically defined surfaces and embeddings

Historically, surfaces were originally defined and constructed not using the abstract, intrinsic

definition given above, but extrinsically, as subsets of Euclidean spaces such as E. Let f be a

continuous, injective function from R to R. Then the image of f is said to be a parametric surface.

A surface of revolution can be viewed as a special kind of parametric surface. On the other hand,

suppose that f is a smooth function from R to R whose gradient is nowhere zero. Then the locus

of zeros of f is said to be an implicit surface. If the condition of non-vanishing gradient is

dropped then the zero locus may develop singularities. One can also define parametric and

implicit surfaces in higher-dimensional Euclidean spaces En. It is natural to ask whether all

surfaces (defined abstractly, as in the preceding section) arise as subsets of some En. The answer

is yes; the Whitney embedding theorem, in the case of surfaces, states that any surface can be

embedded homeomorphically into E4. Therefore the extrinsic and intrinsic approaches turn out to

be equivalent. In fact, any compact surface that is either orientable or has a boundary can be

embedded in E; on the other hand, the real projective plane, which is compact, non-orientable

and without boundary, cannot be embedded into E. Steiner surfaces, including Boy's surface, the

Roman surface and the cross-cap, are immersions of the real projective plane into E. These
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surfaces are singular where the immersions intersect themselves. The Alexander horned sphere is

a well-known pathological embedding of the two-sphere into the three-sphere.

The chosen embedding (if any) of a surface into another space is regarded as extrinsic

information; it is not essential to the surface itself. For example, a torus can be embedded into E

in the "standard" manner (that looks like a bagel) or in a knotted manner. The two embedded tori

are homeomorphic but not isotopic; they are topologically equivalent, but their embeddings are

not.

3. Construction from polygons

Each closed surface can be constructed from an oriented polygon with an even number of sides,

called a fundamental polygon of the surface, by pairwise identification of its edges. For example,

in each polygon below, attaching the sides with matching labels (A with A, B with B), so that the

arrows point in the same direction, yields the indicated surface.

spherereal projective planetorusKlein bottle

Figure 3

Any fundamental polygon can be written symbolically as follows. Begin at any vertex, and

proceed around the perimeter of the polygon in either direction until returning to the starting

vertex. During this traversal, record the label on each edge in order, with an exponent of -1 if the

edge points opposite to the direction of traversal. The four models above, when traversed

clockwise starting at the upper left, yield

 sphere: ABB − 1A − 1

 real projective plane: ABAB

 torus: ABA − 1B − 1

 Klein bottle: ABAB − 1.
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The expression thus derived from a fundamental polygon of a surface turns out to be the sole

relation in a presentation of the fundamental group of the surface with the polygon edge labels as

generators. This is a consequence of the Seifertvan Kampen theorem. Gluing edges of polygons

is a special kind of quotient space process. The quotient concept can be applied in greater

generality to produce new or alternative constructions of surfaces. For example, the real

projective plane can be obtained as the quotient of the sphere by identifying all pairs of opposite

points on the sphere. Another example of a quotient is the connected sum.

4. Connected Sum

The connected sum of two surfaces M and N, denoted M # N, is obtained by removing a disk

from each of them and gluing them along the boundary components that result. The Euler

characteristic χ of M # N is the sum of the Euler characteristics of the summands, minus two:

The sphere S is an identity element for the connected sum, meaning that S # M = M. This is

because deleting a disk from the sphere leaves a disk, which simply replaces the disk deleted

from M upon gluing.

Connected summation with the torus T has the effect of attaching a "handle" to the other

summand M. If M is orientable, then so is T # M. The connected sum can be iterated to attach

any number g of handles to M.

The connected sum of two real projective planes is the Klein bottle. The connected sum of the

real projective plane and the Klein bottle is homeomorphic to the connected sum of the real

projective plane with the torus. Any connected sum involving a real projective plane is

nonorientable.

5. Classification of closed surfaces

The classification of closed surfaces states that any closed surface is homeomorphic to some

member of one of these three families:
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1. the sphere;

2. the connected sum of g tori, for ;

3. The connected sum of k real projective planes, for .

The surfaces in the first two families are orientable. It is convenient to combine the two families

by regarding the sphere as the connected sum of 0 tori. The number g of tori involved is called

the genus of the surface. Since the sphere and the torus have Euler characteristics 2 and 0,

respectively, it follows that the Euler characteristic of the connected sum of g tori is 2 − 2g.

The surfaces in the third family are nonorientable. Since the Euler characteristic of the real

projective plane is 1, the Euler characteristic of the connected sum of k of them is 2 − k.

It follows that a closed surface is determined, up to homeomorphism, by two pieces of

information: its Euler characteristic, and whether it is orientable or not. In other words, Euler

characteristic and orientability completely classify closed surfaces up to homeomorphism.

6. Surfaces in geometry

Polyhedra, such as the boundary of a cube, are among the first surfaces encountered in geometry.

It is also possible to define smooth surfaces, in which each point has a neighborhood

diffeomorphic to some open set in E. This elaboration allows calculus to be applied to surfaces to

prove many results. Two smooth surfaces are diffeomorphic if and only if they are

homeomorphic. (The analogous result does not hold for higher-dimensional manifolds.) Thus

closed surfaces are classified up to diffeomorphism by their Euler characteristic and orientability.

Smooth surfaces equipped with Riemannian metrics are of foundational importance in

differential geometry. A Riemannian metric endows a surface with notions of geodesic, distance,

angle, and area. It also gives rise to Gaussian curvature, which describes how curved or bent the

surface is at each point. Curvature is a rigid, geometric property, in that it is not preserved by

general diffeomorphisms of the surface. However, the famous Gauss-Bonnet theorem for closed

surfaces states that the integral of the Gaussian curvature K over the entire surface S is

determined by the Euler characteristic:
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This result exemplifies the deep relationship between the geometry and topology of surfaces

(and, to a lesser extent, higher-dimensional manifolds). Another way in which surfaces arise in

geometry is by passing into the complex domain. A complex one-manifold is a smooth oriented

surface, also called a Riemann surface. Any complex nonsingular algebraic curve viewed as a

real manifold is a Riemann surface. Every closed surface admits complex structures. Complex

structures on a closed oriented surface correspond to conformal equivalence classes of

Riemannian metrics on the surface. One version of the uniformization theorem (due to Poincar)

states that any Riemannian metric on an oriented, closed surface is conformally equivalent to an

essentially unique metric of constant curvature. This provides a starting point for one of the

approaches to Teichmller theory, which provides a finer classification of Riemann surfaces than

the topological one by Euler characteristic alone. A complex surface is a complex two-manifold

and thus a real four-manifold; it is not a surface in the sense of this article. Neither are algebraic

curves or surfaces defined over fields other than the complex numbers.

Topic : Solid Modeling

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Solid Modeling

 Understand the Basic Theoretical Concepts

 Learn about the Parametric Solid modeling CAD
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Definition/Overview:

Computer Graphics: Computer graphics are graphics created by computers and, more

generally, the representation and manipulation of pictorial data by a computer.

Key Points:

1. Solid Modeling

Solid modeling (or modelling) is the unambiguous representation of the solid parts of an object,

that is, models of solid objects suitable for computer processing. It is also known as volume

modeling. Other modeling methods include surface models (used extensively in automotive and

consumer product design as well as entertainment animation) and wire frame models (which can

be ambiguous about solid volume). Primary uses of solid modeling are for CAD, engineering

analysis, computer graphics and animation, rapid prototyping, medical testing, product

visualization and visualization of scientific research.

2. Basic Theoretical Concepts

A parametric feature based modeler is a Computer-aided design (CAD) software package that

uses either a constructive solid geometry (CSG) or a Boundary representation (B-REP) modeler

that allows a user to refer to features instead of the underlying geometry. A feature is a term

referring to higher order CAD entities. For example, given a 3D brick with a hole, the hole is

considered a feature in the brick to reflect the manufacturing process used to create it, rather than

referring to the hole by the mathematical term cylinder. Parametric feature based modelers use

change states to maintain information about building the model and use expressions to constrain

associations between the geometric entities. This ability allows a user make a modification at any

state and to regenerate the model's boundary representation based on those changes. This ability
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is called a transmigration operation. A transmigration operation refers to the changes in a part

that must be propagated to changes in other parts which have a dependence on the first. Put

simply it means that if something is moved, other things will be affected and must also be

adjusted to preserve other established relationships. This expression came into existence when

parametric modelers like SolidEdge gained acceptance. Parametric modelers generate the BREP

from the CSG representation and its associations, usually in the form of LISP expressions.

An Euler Boolean operation is a series of modifications to solid modelling which preserves the

Euler characteristic in the boundary representation at every stage. One or more of these Euler

Boolean operations is stored in a change state, so as to only represent models which are

physically realizable. Failing to maintain the Euler characteristic would result in geometric and

topological entities often depicted by M. C. Escher. Esher's geometry artwork comes close to

preserving the Euler characteristic (usually a problem with just the hole count). Solid modeling

has to be seen in context of the whole history of CAD, the key milestones being the development

of Romulus which went on to influence the development of Parasolid and ACIS and thus the

mid-range Windows based feature modelers such as IronCAD, Alibre Design, SolidWorks, Solid

Edge and formZ (Mac also) and the arrival of parametric solid models system like T-FLEX CAD

and Pro/ENGINEER.

3. Parametric Solid modeling CAD

Solid modelers have become commonplace in engineering departments in the last ten years due

to faster PCs and competitive software pricing. They are the workhorse of machine designers.

Solid modeling software creates a virtual 3D representation of components for machine design

and analysis. Interface with the human operator is highly optimized and includes programmable

macros, keyboard shortcuts and dynamic model manipulation. The ability to dynamically re-

orient the model, in real-time shaded 3-D, is emphasized and helps the designer maintain a

mental 3-D image. Design work on components is usually done within context of the whole

product using assembly modeling methods. A solid model generally consists of a group of
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features, added one at a time, until the model is complete. Engineering solid models are built

mostly with sketcher-based features; 2-D sketches that are swept along a path to become 3-D.

These may be cuts, or extrusions for example.

Another type of modeling technique is 'surfacing' (Freeform surface modeling). Here, surfaces

are defined, trimmed and merged, and filled to make solid. The surfaces are usually defined with

datum curves in space and a variety of complex commands. Surfacing is more difficult, but

better applicable to some manufacturing techniques, like injection molding. Solid models for

injection molded parts usually have both surfacing and sketcher based features. Engineering

drawings are created semi-automatically and reference the solid models. The learning curve for

these software packages is steep, but a fluent machine designer who can master these software

packages is highly productive. The modeling of solids is only the minimum requirement of a

CAD systems capabilities. Parametric modeling uses parameters to define a model (dimensions,

for example). The parameter may be modified later, and the model will update to reflect the

modification. Typically, there is a relationship between parts, assemblies, and drawings. A part

consists of multiple features, and an assembly consists of multiple parts. Drawings can be made

from either parts or assemblies.

Topic : Optimization Techniques

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Optimization

 Understand the Trade-offs

 Learn about the Bottlenecks
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Definition/Overview:

Computer Data Storage: Computer data storage, often called storage or memory, refers to

computer components, devices, and recording media that retain digital data used for computing

for some interval of time. Computer data storage provides one of the core functions of the

modern computer, that of information retention. It is one of the fundamental components of all

modern computers, and coupled with a central processing unit (CPU, a processor), implements

the basic computer model used since the 1940s.

Key Points:

1. Optimization

In computing, optimization is the process of modifying a system to make some aspect of it work

more efficiently or use fewer resources. For instance, a computer program may be optimized so

that it executes more rapidly, or is capable of operating with less memory storage or other

resources, or draw less power. The system may be a single computer program, a collection of

computers or even an entire network such as the Internet. Although the word "optimization"

shares the same root as "optimal," it is rare for the process of optimization to produce a truly

optimal system. The optimized system will typically only be optimal in one application or for

one audience. One might reduce the amount of time that a program takes to perform some task at

the price of making it consume more memory. In an application where memory space is at a

premium, one might deliberately choose a slower algorithm in order to use less memory. Often

there is no one size fits all design which works well in all cases, so engineers make trade-offs to

optimize the attributes of greatest interest. Additionally, the effort required to make a piece of

software completely optimal incapable of any further improvement is almost always more than is

reasonable for the benefits that would be accrued; so the process of optimization may be halted
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before a completely optimal solution has been reached. Fortunately, it is often the case that the

greatest improvements come early in the process. Optimization can occur at a number of levels.

At the highest level, the design may be optimized to make best use of the available resources.

The implementation of this design will benefit from the use of efficient algorithms and the

implementation of these algorithms will benefit from writing good quality code. Use of an

optimizing compiler tends to ensure that the executable program is optimized. At the lowest

level, it is possible to bypass the compiler completely and write assembly code directly. With

modern optimizing compilers and the greater complexity of recent CPUs, it is most often

difficult to write code that is optimized further than what the compiler generates, and few

projects need resort to this ultimate optimization step. However, a large amount of code written

today is still compiled with the intent to run on the greatest percentage of machines possible. As

a result, programmers and compilers don't always take advantage of the more efficient

instructions provided by newer CPUs. Since optimization often relies on making use of special

cases and performing complex trade-offs, a fully optimized program is usually more difficult for

humans to comprehend and hence tends to contain more faults than unoptimized versions.

Computational tasks are often performed in several manners with varying efficiency.

The optimization, often done automatically, is therefore to pick a method that is more

computationally efficient while retaining the same functionality. However, a significant

improvement in performance can often be achieved by solving only the actual problem and

removing extraneous functionality. Optimization is not always an obvious or intuitive process. In

the example above, the optimized version might actually be slower than the original software if

N were sufficiently small and the computer were much faster at performing addition and looping

operations than multiplications and divisions.
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2. Trade-offs

Optimization will generally focus on improving just one or two aspects of performance:

execution time, memory usage, disk space, bandwidth, power consumption or some other

resource. This will usually require a trade-off: where one factor is optimized at the

expense of others. For example, increasing the size of cache improves runtime

performance, but also increases the memory consumption. Other common trade-offs

include code clarity and conciseness.

There are cases where the programmer doing the optimization must decide to make the software

more optimal for some operations but at the price of making other operations less efficient.

These trade-offs may often be of a non-technical nature - such as when a competitor has

published a benchmark result that must be beaten in order to improve commercial success but

perhaps at the price of making normal usage of the software less efficient. Such changes are

sometimes jokingly referred to as pessimizations.

In operations research, optimization is the problem of determining the inputs of a function that

minimize or maximize its value. Sometimes constraints are imposed on the values that the inputs

can take; this problem is known as constrained optimization. In computer programming,

optimization usually specifically means to modify code and its compilation settings on a given

computer architecture to produce more efficient software.

Typical problems have such a large number of possibilities that a programming organization can

only afford a good enough solution.

3. Bottlenecks

Optimization requires finding a bottleneck: the critical part of the code that is the primary

consumer of the needed resource. As a rule of thumb, improving 20% of the code is responsible

for 80% of the results. The Pareto principle (also known as the 80-20 rule, the law of the vital

few and the principle of factor sparsity) states that for many phenomena, 80% of the

consequences stem from 20% of the causes. The idea has rule-of-thumb application in many
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places, but it is commonly misused. For example, it is a misuse to state that a solution to a

problem "fits the 80-20 rule" just because it fits 80% of the cases. In computer science, the

Pareto principle can be applied to resource optimization by observing that 80% of the resources

are typically used by 20% of the operations. In software engineering, it is often a better

approximation that 90% of the execution time of a computer program is spent executing 10% of

the code (known as the 90/10 law in this context). The architectural design of a system

overwhelmingly affects its performance. The choice of algorithm affects efficiency more than

any other item of the design. More complex algorithms and data structures perform well with

many items, while simple algorithms are more suitable for small amounts of data the setup and

initialization time of the more complex algorithm can outweigh the benefit.

In some cases, adding more memory can help to make a program run faster. For example, a

filtering program will commonly read each line and filter and output that line immediately. This

only uses enough memory for one line, but performance is typically poor. Performance can be

greatly improved by reading the entire file then writing the filtered result, though this uses much

more memory. Caching the result is similarly effective, though also requiring larger memory use.

In Section 3 of this course you will cover these topics:
Introduction To Finite Element Method

Trusses: A Finite Element Approach

Heat Conduction Analysis And Fem

Topic : Introduction To Finite Element Method

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Finite Element Method

 Understand the History

 Learn about the Application
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Definition/Overview:

In solving partial differential equations, the primary challenge is to create an equation that

approximates the equation to be studied, but is numerically stable, meaning that errors in the

input data and intermediate calculations do not accumulate and cause the resulting output to be

meaningless. There are many ways of doing this, all with advantages and disadvantages.

Key Points:

1. Finite Element Method

The finite element method (FEM) is used for finding approximate solutions of partial differential

equations (PDE) as well as of integral equations such as the heat transport equation. The solution

approach is based either on eliminating the differential equation completely (steady state

problems), or rendering the PDE into an approximating system of ordinary differential equations,

which are then solved using standard techniques such as Euler's method, Runge-Kutta, etc. The

Finite Element Method is a good choice for solving partial differential equations over complex

domains (like cars and oil pipelines), when the domain changes (as during a solid state reaction

with a moving boundary), when the desired precision varies over the entire domain, or when the

solution lacks smoothness. For instance, in simulating the weather pattern on Earth, it is more

important to have accurate predictions over land than over the wide-open sea, a demand that is

achievable using the finite element method.
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2. History

The finite-element method originated from the needs for solving complex elasticity, structural

analysis problems in civil engineering and aeronautical engineering. Its development can be

traced back to the work by Alexander Hrennikoff (1941) and Richard Courant (1942). While the

approaches used by these pioneers are dramatically different, they share one essential

characteristic: mesh discretization of a continuous domain into a set of discrete sub-domains.

Hrennikoff's work discretizes the domain by using a lattice analogy while Courant's approach

divides the domain into finite triangular subregions for solution of second order elliptic partial

differential equations (PDEs) that arise from the problem of torsion of a cylinder. Courant's

contribution was evolutionary, drawing on a large body of earlier results for PDEs developed by

Rayleigh, Ritz, and Galerkin. Development of the finite element method began in earnest in the

middle to late 1950s for airframe and structural analysis and gathered momentum at the

University of Stuttgart through the work of John Argyris and at Berkeley through the work of

Ray W. Clough in the 1960s for use in civil engineering. The method was provided with a

rigorous mathematical foundation in 1973 with the publication of Strang and Fix's An Analysis

of The Finite Element Method, and has since been generalized into a branch of applied

mathematics for numerical modeling of physical systems in a wide variety of engineering

disciplines, e.g., electromagnetism and fluid dynamics.

3. Application

A variety of specializations under the umbrella of the mechanical engineering discipline (such as

aeronautical, biomechanical, and automotive industries) commonly use integrated FEM in design

and development of their products. Several modern FEM packages include specific components

such as thermal, electromagnetic, fluid, and structural working environments. In a structural

simulation, FEM helps tremendously in producing stiffness and strength visualizations and also

in minimizing weight, materials, and costs. FEM allows detailed visualization of where

structures bend or twist, and indicates the distribution of stresses and displacements. FEM

software provides a wide range of simulation options for controlling the complexity of both

32
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

WWW.BSSVE.IN



modeling and analysis of a system. Similarly, the desired level of accuracy required and

associated computational time requirements can be managed simultaneously to address most

engineering applications. FEM allows entire designs to be constructed, refined, and optimized

before the design is manufactured. This powerful design tool has significantly improved both the

standard of engineering designs and the methodology of the design process in many industrial

applications. The introduction of FEM has substantially decreased the time to take products from

concept to the production line. It is primarily through improved initial prototype designs using

FEM that testing and development have been accelerated. In summary, benefits of FEM include

increased accuracy, enhanced design and better insight into critical design parameters, virtual

prototyping, fewer hardware prototypes, a faster and less expensive design cycle, increased

productivity, and increased revenue.

Topic : Trusses: A Finite Element Approach

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Truss

 Understand the Characteristics of Trusses

 Learn about the Types of Truss

 Understand the Analysis of Trusses

 Understand the Forces in Members

 Learn about the Design of members
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Definition/Overview:

Structure: An architectural structure is a free-standing, immobile outdoor construction. The

structure may be permanent. Typical examples include buildings and nonbuilding structures such

as bridges, dams, electricity pylons, and radio masts.

Key Points:

1. Truss

In architecture and structural engineering, a truss is a structure comprising one or more triangular

units constructed with straight slender members whose ends are connected at joints referred to as

nodes. External forces and reactions to those forces are considered to act only at the nodes and

result in forces in the members which are either tensile or compressive forces. Moments

(torsional forces) are explicitly excluded because, and only because, all the joints in a truss are

treated as revolutes. A planar truss is one where all the members and nodes lie within a two

dimensional plane, while a space truss has members and nodes extending into three dimensions.

2. Characteristics of Trusses

A truss is composed of triangles because of the structural stability of that shape and design. A

triangle is the simplest geometric figure that will not change shape when the lengths of the sides

are fixed. In comparison, both the angles and the lengths of a square must be fixed for it to retain

its shape. The simplest form of a truss is one single triangle. This type of truss is seen in a framed

roof consisting of rafters and a ceiling joist. Because of the stability of this shape and the

methods of analysis used to calculate the forces within it, a truss composed entirely of triangles
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is known as a simple truss. A planar truss lies in a single plane. Planar trusses are typically used

in parallel to form roofs and bridges. A space truss is a three-dimensional framework of members

pinned at their ends. A tetrahedron shape is the simplest space truss, consisting of six members

which meet at four joints. The depth of a truss, or the height between the upper and lower chords,

is what makes it an efficient structural form. A solid girder or beam of equal strength would have

substantial weight and material cost as compared to a truss. For a given span length, a deeper

truss will require less material in the chords and greater material in the verticals and diagonals.

An optimum depth of the truss will maximize the efficiency.

3. Types of Truss

There are two basic types of truss.

 The pitched truss, or common truss, is characterized by its triangular shape. It is most

often used for roof construction. Some common trusses are named according to their web

configuration. The chord size and web configuration are determined by span, load and

spacing.

 The parallel chord truss, or flat truss, gets its name from its parallel top and bottom

chords. It is often used for floor construction.

A combination of the two is a truncated truss, used in hip roof construction. A metal plate-

connected wood truss is a roof or floor truss whose wood members are connected with metal

connector plates.

4. Pratt Truss

The Pratt truss was patented in 1844 by two Boston railway engineers; Caleb Pratt and his son

Thomas Willis Pratt. The design uses vertical beams for compression and horizontal beams to

respond to tension. What is remarkable about this style is that it remained popular even as wood

gave way to iron, and even still as iron gave way to steel. The Southern Pacific Railroad bridge
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in Tempe, Arizona is a 393 meter (1291 foot) long truss bridge built in 1912. The structure is

composed of nine Pratt truss spans of varying lengths. The bridge is still in use today.

5. Bow String Roof Truss

Named for its distinctive shape, thousands of bow strings were used during World War II for

aircraft hangars and other military buildings.

6. Vierendeel Truss

The Vierendeel truss is a truss where the members are not triangulated but form rectangular

openings, and is a frame with fixed joints that are capable of transferring and resisting bending

moments. Regular trusses comprise members that are commonly assumed to have pinned joints

with the implication that no moments exist at the jointed ends. This style of truss was named

after the Belgian engineer Arthur Vierendeel, who developed the design in 1896

The beauty of this type of truss is that there is no diagonal bracing, the creation of rectangular

openings for windows and doors is simplified and in cases the need for compensating shear walls

is reduced or eliminated.

After being damaged by the impact of plane hitting the building parts of the framed curtain walls

of the Twin Towers of the World Trade Center resisted collapse by Vierendeel action displayed

by the remaining portions of the frame. .

7. King Post Truss

One of the simplest truss styles to implement, the king post consists of two angled supports

leaning into a common vertical support. The queen post truss, sometimes queenpost or

queenspost, is similar to a king post truss in that the outer supports are angled towards the center

of the structure. The primary difference is the horizontal extension at the centre which relies on

beam action to provide mechanical stability. This truss style is only suitable for relatively short

spans.
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8. Lenticular Truss

American Lenticular Truss Bridges have the top and bottom chords of the truss arched forming a

lens shape. Patented in 1878 by William Douglas.

Town's Lattice Truss

American architect Ithiel Town designed Town's Lattice Truss as an alternative to heavy-timber

bridges. His design, patented in 1835, uses easy-to-handle planks arranged diagonally with short

spaces in between them.

9. Statics of Trusses

A truss that is assumed to comprise members that are connected by means of pin joints, and

which is supported at both ends by means of a hinged joints or rollers, is described as being

statically determinate. Newton's Laws apply to the structure as a whole, as well as to each node

or joint. In order for any node that may be subject to an external load or force to remain static in

space, the following conditions must hold: the sums of all horizontal forces, all vertical forces, as

well as all moments acting about the node equal zero. Analysis of these conditions at each node

yields the magnitude of the forces in each member of the truss. These may be compression or

tension forces.

Trusses that are supported at more than two positions are said to be statically indeterminate, and

the application of Newton's Laws alone is not sufficient to determine the member forces.

In order for a truss with pin-connected members to be stable, it must be entirely composed of

triangles. In mathematical terms, we have the following necessary condition for stability:

where m is the total number of truss members, j is the total number of joints and r is the number

of reactions (equal to 3 generally) in a 2-dimensional structure. When m = 2j − 3, the truss is said

to be statically determinate, because the (m+3) internal member forces and support reactions can
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then be completely determined by 2j equilibrium equations, once we know the external loads and

the geometry of the truss. Given a certain number of joints, this is the minimum number of

members, in the sense that if any member is taken out (or fails), then the truss as a whole fails.

While the relation (a) is necessary, it is not sufficient for stability, which also depends on the

truss geometry, support conditions and the load carrying capacity of the members. Some

structures are built with more than this minimum number of truss members. Those structures

may survive even when some of the members fail. They are called statically indeterminate

structures, because their member forces depend on the relative stiffness of the members, in

addition to the equilibrium condition described.

Analysis of trusses

10. Analysis of Trusses

Because the forces in each of its two main girders are essentially planar, a truss is usually

modelled as a two-dimensional plane frame. If there are significant out-of-plane forces, the

structure must be modelled as a three-dimensional space. The analysis of trusses often assumes

that loads are applied to joints only and not at intermediate points along the members. The

weight of the members is often insignificant compared to the applied loads and so is often

omitted. If required, half of the weight of each member may be applied to its two end joints.

Provided the members are long and slender, the moments transmitted through the joints are

negligible and they can be treated as "hinges" or 'pin-joints'. Every member of the truss is then in

pure compression or pure tension shear, bending moment, and other more complex stresses are

all practically zero. This makes trusses easier to analyze. This also makes trusses physically

stronger than other ways of arranging material because nearly every material can hold a much

larger load in tension and compression than in shear, bending, torsion, or other kinds of force.

Structural analysis of trusses of any type can readily be carried out using a matrix method such

as the matrix stiffness method, the flexibility method or the finite element method.
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11. Forces in Members

On the right is a simple, statically determinate flat truss with 9 joints and (2 x 9) − 3 = 15

members. External loads are concentrated in the outer joints. Since this is a symmetrical truss

with symmetrical vertical loads, it is clear to see that the reactions at A and B are equal, vertical

and half the total load.

The internal forces in the members of the truss can be calculated in a variety of ways including

the graphical methods:

 Cremona diagram

 Culmann diagram

Or the analytical Ritter method (method of sections).

12. Design of Members

A truss can be thought of as a beam where the web consists of a series of separate members

instead of a continuous plate. In the truss, the lower horizontal member (the bottom chord) and

the upper horizontal member (the top chord) carry tension and compression, fulfilling the same

function as the flanges of an I-beam. Which chord carries tension and which carries compression

depends on the overall direction of bending. In the truss pictured above right, the bottom chord is

in tension, and the top chord in compression. The diagonal and vertical members form the truss

web, and carry the shear force. Individually, they are also in tension and compression, the exact

arrangement of forces depending on the type of truss and again on the direction of bending. In

the truss shown above right, the vertical members are in tension, and the diagonals are in

compression. In addition to carrying the static forces, the members serve additional functions of

stabilizing each other, preventing buckling. In the picture, the top chord is prevented from

buckling by the presence of bracing and by the stiffness of the web members.

Figure 5: The Auckland Harbour Bridge from Watchman Island, west of it.

The inclusion of the elements shown is largely an engineering decision based upon economics,

being a balance between the costs of raw materials, off-site fabrication, component
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transportation, on-site erection, the availability of machinery and the cost of labor. In other cases

the appearance of the structure may take on greater importance and so influence the design

decisions beyond mere matters of economics. Modern materials such as prestressed concrete and

fabrication methods, such as automated welding, have significantly influenced the design of

modern bridges. Once the force on each member is known, the next step is to determine the cross

section of the individual truss members. For members under tension the cross-sectional area A

can be found using A = F γ / σy, where F is the force in the member, γ is a safety factor (typically

1.5 but depending on building codes) and σy is the yield tensile strength of the steel used. The

members under compression also have to be designed to be safe against buckling. The weight of

a truss member depends directly on its cross section that weight partially determines how strong

the other members of the truss need to be. Giving one member a larger cross section than on a

previous iteration requires giving other members a larger cross section as well, to hold the

greater weight of the first member one needs to go through another iteration to find exactly how

much greater the other members need to be. Sometimes the designer goes through several

iterations of the design process to converge on the "right" cross section for each member. On the

other hand, reducing the size of one member from the previous iteration merely makes the other

members have a larger (and more expensive) safety factor than is technically necessary, but

doesn't require another iteration to find a buildable truss. The effect of the weight of the

individual truss members in a large truss, such as a bridge, is usually insignificant compared to

the force of the external loads.

Topic : Heat Conduction Analysis And Fem

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Heat Conduction

 Understand the Fourier's law

 Learn about the Heat flux

 Learn about the Measurement of Heat Flux
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 Understand the Heat Transfer

 Learn about the Conduction

 Understand the Finite Element Method

Definition/Overview:

Thermal Conductivity: In physics, thermal conductivity, k, is the property of a material that

indicates its ability to conduct heat. It appears primarily in Fourier's Law for heat conduction.

Convection: Convection is transfer of heat by movement of a heated fluid. Unlike the case of

pure conduction, now currents in fluids are additionally involved in convection. This movement

occurs into a fluid or within a fluid, and cannot happen in solids. In solids, molecules keep their

relative position to such an extent that bulk movement or flow is prohibited, and therefore

convection does not occur.

Key Points:

1. Heat Conduction

Heat conduction or thermal conduction is the spontaneous transfer of thermal energy through

matter, from a region of higher temperature to a region of lower temperature, and acts to equalize

temperature differences. It is also described as heat energy transferred from one material to

another by direct contact. Conduction heat can also be how the heat transfers from one object to

another. Thermal energy, in the form of continuous random motion of the particles of the matter,

is transferred by the same coulomb forces that act to support the structure of matter, so can be
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said to move by non physical contact between the particles. Heat can also be transferred by

radiation and/or convection, and often more than one of these processes occur in a given

situation.

2. Fourier's law

The law of Heat Conduction, also known as Fourier's law, states that the time rate of heat

transfer through a material is proportional to the negative gradient in the temperature and to the

area at right angles, to that gradient, through which the heat is flowing. We can state this law in

two equivalent forms: the integral form, in which we look at the amount of energy flowing into

or out of a body as a whole, and the differential form, in which we look at the flows or fluxes of

energy locally. Electrons in a metal transfer the heat from one particle to another further away. A

simpler way to describe it is that it is heat transferred through touch.

3. Heat flux

Heat flux or thermal flux, sometimes also referred to as heat flux density or heat flow rate

intensity is a flow of energy per unit of area per unit of time. In SI units, it is measured in.

It has both a direction and a magnitude so it is a vectorial quantity. To define the heat flux at a

certain point in space, one takes the limiting case where the size of the surface becomes

infinitesimally small. Heat flux is often denoted , the subscript q specifying heat flux, as

opposed to mass or momentum flux. The most important appearance of heat flux in physics is in

Fourier's law describing heat conduction.
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4. Measurement of Heat Flux

The measurement of heat flux is most often done by measuring a temperature difference over a

piece of material with known thermal conductivity. This method is analogous to a standard way

to measure an electric current, where one measures the voltage drop over a known resistor.

5. Heat Transfer

Heat transfer is the transition of thermal energy from a heated item to a cooler item. When an

object or fluid is at a different temperature than its surroundings or another object, transfer of

thermal energy, also known as heat transfer, or heat exchange, occurs in such a way that the body

and the surroundings reach thermal equilibrium. Heat transfer always occurs from a hot particle

to a cold one, a result of the second law of thermodynamics. Where there is a temperature

difference between objects in proximity, heat transfer between them can never be stopped; it can

only be slowed down. Thermal energy is conducted well by metals such as copper, platinum,

gold, iron, etc.

6. Conduction

Conduction is the transfer of heat by direct contact of particles of matter. The transfer of energy

could be primarily by elastic impact as in fluids or by free electron diffusion as predominant in

metals or phonon vibration as predominant in insulators. In other words, heat is transferred by

conduction when adjacent atoms vibrate against one another, or as electrons move from atom to

atom. Conduction is greater in solids, where atoms are in constant contact. In liquids (except

liquid metals) and gases, the molecules are usually further apart, giving a lower chance of

molecules colliding and passing on thermal energy. Heat conduction is directly analogous to

diffusion of particles into a fluid, in the situation where there are no fluid currents. This type of

heat diffusion differs from mass diffusion in behaviour, only in as much as it can occur in solids,

whereas mass diffusion is mostly limited to fluids. Metals (e.g. copper) are usually the best
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conductors of thermal energy. This is due to the way that metals are chemically bonded: metallic

bonds (as opposed to covalent or ionic bonds) have free-moving electrons and form a crystalline

structure, greatly aiding in the transfer of thermal energy. If you put a metal spoon in a cup of hot

chocolate, then the hot chocolate wouldn't be as hot because the metal spoon conducts the heat,

and gets it out of the hot chocolate. As density decreases so does conduction. Therefore, fluids

(and especially gases) are less conductive. This is due to the large distance between atoms in a

gas: fewer collisions between atoms means less conduction. Conductivity of gases increases with

temperature but only slightly with pressure near and above atmospheric.

7. Finite Element Method

The finite element method (FEM) (sometimes referred to as finite element analysis) is a

numerical technique for finding approximate solutions of partial differential equations (PDE) as

well as of integral equations. The solution approach is based either on eliminating the differential

equation completely (steady state problems), or rendering the PDE into an approximating system

of ordinary differential equations, which are then numerically integrated using standard

techniques such as Euler's method, Runge-Kutta, etc. In solving partial differential equations, the

primary challenge is to create an equation that approximates the equation to be studied, but is

numerically stable, meaning that errors in the input data and intermediate calculations do not

accumulate and cause the resulting output to be meaningless. There are many ways of doing this,

all with advantages and disadvantages. The Finite Element Method is a good choice for solving

partial differential equations over complex domains (like cars and oil pipelines), when the

domain changes (as during a solid state reaction with a moving boundary), when the desired

precision varies over the entire domain, or when the solution lacks smoothness. For instance, in a

frontal crash simulation it is possible to increase prediction accuracy in "important" areas like the

front of the car and reduce it in its rear (thus reducing cost of the simulation); Another example

would be the simulation of the weather pattern on Earth, where it is more important to have

accurate predictions over land than over the wide-open sea.
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In Section 4 of this course you will cover these topics:
Dynamic Analysis: A Finite Element Approach

Industrial Robotics

Robot Economics

Topic : Dynamic Analysis: A Finite Element Approach

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Finite Element Approach

 Understand the Application

Definition/Overview:

Finite Difference Method: The finite difference method (FDM) is an alternative way of

approximating solutions of PDEs.

Key Points:

1. Finite Element Approach

The finite-element method originated from the need for solving complex elasticity and structural

analysis problems in civil and aeronautical engineering. Its development can be traced back to

the work by Alexander Hrennikoff (1941) and Richard Courant (1942). While the approaches
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used by these pioneers are dramatically different, they share one essential characteristic: mesh

discretization of a continuous domain into a set of discrete sub-domains, usually called elements.

Hrennikoff's work discretizes the domain by using a lattice analogy while Courant's approach

divides the domain into finite triangular subregions for solution of second order elliptic partial

differential equations (PDEs) that arise from the problem of torsion of a cylinder. Courant's

contribution was evolutionary, drawing on a large body of earlier results for PDEs developed by

Rayleigh, Ritz, and Galerkin. Development of the finite element method began in earnest in the

middle to late 1950s for airframe and structural analysis and gathered momentum at the

University of Stuttgart through the work of John Argyris and at Berkeley through the work of

Ray W. Clough in the 1960s for use in civil engineering. By late 1950s, the key concepts of

stiffness matrix and element assembly existed essentially in the form used today and NASA

issued request for proposals for the development of the finite element software NASTRAN in

1965. The method was provided with a rigorous mathematical foundation in 1973 with the

publication of Strang and Fix's An Analysis of The Finite Element Method, and has since been

generalized into a branch of applied mathematics for numerical modeling of physical systems in

a wide variety of engineering disciplines, e.g., electromagnetism and fluid dynamics.

The finite element method (FEM) (sometimes referred to as finite element analysis) is a

numerical technique for finding approximate solutions of partial differential equations (PDE) as

well as of integral equations. The solution approach is based either on eliminating the differential

equation completely (steady state problems), or rendering the PDE into an approximating system

of ordinary differential equations, which are then numerically integrated using standard

techniques such as Euler's method, Runge-Kutta, etc. In solving partial differential equations, the

primary challenge is to create an equation that approximates the equation to be studied, but is

numerically stable, meaning that errors in the input data and intermediate calculations do not

accumulate and cause the resulting output to be meaningless. There are many ways of doing this,

all with advantages and disadvantages. The Finite Element Method is a good choice for solving

partial differential equations over complex domains (like cars and oil pipelines), when the

domain changes (as during a solid state reaction with a moving boundary), when the desired

precision varies over the entire domain, or when the solution lacks smoothness. For instance, in a
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frontal crash simulation it is possible to increase prediction accuracy in "important" areas like the

front of the car and reduce it in its rear (thus reducing cost of the simulation); Another example

would be the simulation of the weather pattern on Earth, where it is more important to have

accurate predictions over land than over the wide-open sea.

2. Application

A variety of specializations under the umbrella of the mechanical engineering discipline (such as

aeronautical, biomechanical, and automotive industries) commonly use integrated FEM in design

and development of their products. Several modern FEM packages include specific components

such as thermal, electromagnetic, fluid, and structural working environments. In a structural

simulation, FEM helps tremendously in producing stiffness and strength visualizations and also

in minimizing weight, materials, and costs. FEM allows detailed visualization of where

structures bend or twist, and indicates the distribution of stresses and displacements. FEM

software provides a wide range of simulation options for controlling the complexity of both

modeling and analysis of a system. Similarly, the desired level of accuracy required and

associated computational time requirements can be managed simultaneously to address most

engineering applications. FEM allows entire designs to be constructed, refined, and optimized

before the design is manufactured.

This powerful design tool has significantly improved both the standard of engineering designs

and the methodology of the design process in many industrial applications. The introduction of

FEM has substantially decreased the time to take products from concept to the production line. It

is primarily through improved initial prototype designs using FEM that testing and development

have been accelerated. In summary, benefits of FEM include increased accuracy, enhanced

design and better insight into critical design parameters, virtual prototyping, fewer hardware

prototypes, a faster and less expensive design cycle, increased productivity, and increased

revenue.
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Topic : Industrial Robotics

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Industrial Robot

 Understand the Robot Types

 Learn about the History of Industrial Robotics

 Understand the Technical Description

 Understand the Robot Programming and Interfaces

Definition/Overview:

Industry: An industry is the manufacturing of a good or service within a category.

Management: Management in business and human organization activity is simply the act of

getting people together to accomplish desired goals.

Market: A market is any one of a variety of different systems, institutions, procedures, social

relations and infrastructures whereby persons trade, and goods and services are exchanged,

forming part of the economy. It is an arrangement that allows buyers and sellers to exchange

things.
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Key Points:

1. Industrial Robot

An industrial robot is officially defined by ISO as an automatically controlled, reprogrammable,

multipurpose manipulator programmable in three or more axes. The field of robotics may be

more practically defined as the study, design and use of robot systems for manufacturing (a top-

level definition relying on the prior definition of robot). Typical applications of robots include

welding, painting, ironing, assembly, pick and place, packaging and palletizing, product

inspection, and testing, all accomplished with high endurance, speed, and precision.

2. Robot Types

The most commonly used robot configurations are articulated robots, SCARA robots and gantry

robots (aka Cartesian Coordinate robots, or x-y-z robots). In the context of general robotics, most

types of robots would fall into the category of robot arms (inherent in the use of the word

manipulator in the above-mentioned ISO standard). Robots exhibit varying degrees of autonomy:

 Some robots are programmed to faithfully carry out specific actions over and over again

(repetitive actions) without variation and with a high degree of accuracy. These actions

are determined by programmed routines that specify the direction, acceleration, velocity,

deceleration, and distance of a series of coordinated motions.

 Other robots are much more flexible as to the orientation of the object on which they are

operating or even the task that has to be performed on the object itself, which the robot

may even need to identify. For example, for more precise guidance, robots often contain

machine vision sub-systems acting as their "eyes", linked to powerful computers or

controllers. Artificial intelligence, or what passes for it, is becoming an increasingly

important factor in the modern industrial robot.
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3. History of Industrial Robotics

George Devol applied for the first robotics patents in 1954 (granted in 1961). The first company

to produce a robot was Unimation, founded by George Devol and Joseph F. Engelberger in 1956,

and was based on Devol's original patents. Unimation robots were also called programmable

transfer machines since their main use at first was to transfer objects from one point to another,

less than a dozen feet or so apart. They used hydraulic actuators and were programmed in joint

coordinates, i.e. the angles of the various joints were stored during a teaching phase and replayed

in operation. They were accurate to within 1/10,000 of an inch (note: although accuracy is not an

appropriate measure for robots, usually evaluated in terms of repeatability. Unimation later

licensed their technology to Kawasaki Heavy Industries and Guest-Nettlefolds, manufacturing

Unimates in Japan and England respectively. For some time Unimation's only competitor was

Cincinnati Milacron Inc. of Ohio. This changed radically in the late 1970s when several big

Japanese conglomerates began producing similar industrial robots. In 1969 Victor Scheinman at

Stanford University invented the Stanford arm, an all-electric, 6-axis articulated robot designed

to permit an arm solution. This allowed it to accurately follow arbitrary paths in space and

widened the potential use of the robot to more sophisticated applications such as assembly and

welding. Scheinman then designed a second arm for the MIT AI Lab, called the "MIT arm."

Scheinman, after receiving a fellowship from Unimation to develop his designs, sold those

designs to Unimation who further developed them with support from General Motors and later

marketed it as the Programmable Universal Machine for Assembly (PUMA). In 1973 KUKA

Robotics built its first robot, known as FAMULUS, this is the first articulated robot to have six

electromechanically driven axes. Interest in robotics swelled in the late 1970s and many US

companies entered the field, including large firms like General Electric, and General Motors

(which formed joint venture FANUC Robotics with FANUC LTD of Japan). U.S. start-ups

included Automatix and Adept Technology, Inc. At the height of the robot boom in 1984,

Unimation was acquired by Westinghouse Electric Corporation for 107 million U.S. dollars.

Westinghouse sold Unimation to Stubli Faverges SCA of France in 1988, which is still making

articulated robots for general industrial and clean room applications and even bought the robotic

division of Bosch in late 2004. Only a few non-Japanese companies ultimately managed to
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survive in this market, including Adept Technology, Stubli-Unimation, the Swedish-Swiss

company ABB (ASEA Brown-Boveri), and the German company KUKA Robotics.

4. Technical Description

Defining perimeters

 Number of axes two axes are required to reach any point in a plane; three axes are

required to reach any point in space. To fully control the orientation of the end of the arm

(i.e. the wrist) three more axes (roll, pitch and yaw) are required. Some designs (e.g. the

SCARA robot) trade limitations in motion possibilities for cost, speed, and accuracy.

 Degrees of freedom which is usually the same as the number of axes.

 Working envelope the region of space a robot can reach.

 Kinematics the actual arrangement of rigid members and joints in the robot, which

determines the robot's possible motions. Classes of robot kinematics include articulated,

cartesian, parallel and SCARA.

 Carrying capacity or payload how much weight a robot can lift.

 Speed how fast the robot can position the end of its arm. This may be defined in terms of

the angular or linear speed of each axis or as a compound speed i.e. the speed of the end

of the arm when all axes are moving.

 Acceleration - how quickly an axis can accelerate. Since this is a limiting factor a robot

may not be able to reach it's specified maximum speed for movements over a short

distance or a complex path requiring frequent changes of direction.

 Accuracy how closely a robot can reach a commanded position. Accuracy can vary with

speed and position within the working envelope and with payload. It can be improved by

Robot calibration.

 Repeatability - how well the robot will return to a programmed position. This is not the

same as accuracy. It may be that when told to go to a certain X-Y-Z position that it gets

only to within 1 mm of that position. This would be its accuracy which may be improved

by calibration. But if that position is taught into controller memory and each time it is

sent there it returns to within 0.1 mm of the taught position then the repeatability will be

within 0.1 mm.
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 Motion control for some applications, such as simple pick-and-place assembly, the robot

need merely return repeatably to a limited number of pre-taught positions. For more

sophisticated applications, such as welding and finishing (spray painting), motion must

be continuously controlled to follow a path in space, with controlled orientation and

velocity.

 Power source some robots use electric motors, others use hydraulic actuators. The former

are faster, the latter are stronger and advantageous in applications such as spray painting,

where a spark could set off an explosion; however, low internal air-pressurisation of the

arm can prevent ingress of flammable vapours as well as other contaminants.

 Drive some robots connect electric motors to the joints via gears; others connect the

motor to the joint directly (direct drive). Using gears results in measurable 'backlash'

which is free movement in an axis. In smaller robot arms with DC electric motors,

because DC motors are high speed low torque motors they frequently require high ratios

so that backlash is a problem. In such cases the harmonic drive is often used.

 Compliance - this is a measure of the amount in angle or distance that a robot axis will

move when a force is applied to it. Because of compliance when a robot goes to a

position carrying it's maximum payload it will be at a position slightly lower than when it

is carrying no payload. Compliance can also be responsible for overshoot when carrying

high payloads in which case acceleration would need to be reduced.

5. Robot Programming and Interfaces

The setup or programming of motions and sequences for an industrial robot is typically taught by

linking the robot controller to a laptop, desktop computer or (internal or Internet) network.

Software: The computer is installed with corresponding interface software. The use of a

computer greatly simplifies the programming process. Specialized robot software is run either in

the robot controller or in the computer or both depending on the system design.

Teach pendant: Robots can also be taught via a teach pendant; a handheld control and

programming unit. The common features of such units are the ability to manually send the robot

to a desired position, or "inch" or "jog" to adjust a position. They also have a means to change

the speed since a low speed is usually required for careful positioning, or while test-running
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through a new or modified routine. A large emergency stop button is usually included as well.

Typically once the robot has been programmed there is no more use for the teach pendant.

Lead-by-the-nose is a technique offered by most robot manufacturers but is of dubious value.

While user holds the robot end effector another person enters a command which de-energizes the

robot and it goes limp. The user then moves the robot by hand to the required positions or along

a required path while the software logs these positions into memory. The program can later run

the robot to these positions or along the taught path. This technique is popular for tasks such as

paint spraying.

Others In addition, machine operators often use human machine interface devices, typically

touch screen units, which serve as the operator control panel. The operator can switch from

program to program, make adjustments within a program and also operate a host of peripheral

devices that may be integrated within the same robotic system. These include end effectors,

feeders that supply components to the robot, conveyor belts, emergency stop controls, machine

vision systems, safety interlock systems, bar code printers and an almost infinite array of other

industrial devices which are accessed and controlled via the operator control panel. The teach

pendant or PC is usually disconnected after programming and the robot then runs on the program

that has been installed in its controller. However a computer is often used to 'supervise' the robot

and any peripherals, or to provide additional storage for access to numerous complex paths and

routines. A robot and a collection of machines or peripherals is referred to as a workcell, or cell.

A typical cell might contain a parts feeder, a molding machine and a robot. The various machines

are 'integrated' and controlled by a single computer or PLC.

Topic : Robot Economics

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Robot

 Understand the Definitions
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 Learn about the Contemporary Uses

 Understand the Robot Economics

Definition/Overview:

Robotics: Robotics is the science and technology of robots, their design, manufacture, and

application. Robotics requires a working knowledge of electronics, mechanics and software, and

is usually accompanied by a large working knowledge of many subjects. A person working in the

field is a roboticist.

Technology: Technology is a broad concept that deals with an animal species' usage and

knowledge of tools and crafts, and how it affects an animal species' ability to control and adapt

to its environment.

Key Points:

1. Robot

A robot is a virtual or mechanical artificial agent. In practice, it is usually an electro-mechanical

system which, by its appearance or movements, conveys a sense that it has intent or agency of its

own. The word robot can refer to both physical robots and virtual software agents, but the latter

are usually referred to as bots. There is no consensus on which machines qualify as robots, but

there is general agreement among experts and the public that robots tend to do some or all of the

following: move around, operate a mechanical limb, sense and manipulate their environment,

and exhibit intelligent behavior, especially behavior which mimics humans or other animals.
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Stories of artificial helpers and companions and attempts to create them have a long history but

fully autonomous machines only appeared in the 20th century. The first digitally operated and

programmable robot, the Unimate, was installed in 1961 to lift hot pieces of metal from a die

casting machine and stack them. Today, commercial and industrial robots are in widespread use

performing jobs more cheaply or with greater accuracy and reliability than humans. They are

also employed for jobs which are too dirty, dangerous or dull to be suitable for humans. Robots

are widely used in manufacturing, assembly and packing, transport, earth and space exploration,

surgery, weaponry, laboratory research, and mass production of consumer and industrial goods.

People have a generally positive perception of the robots they actually encounter. Domestic

robots for cleaning and maintenance are increasingly common in and around homes. There is

anxiety, however, over the economic impact of automation and the threat of robotic weaponry,

anxiety which is not helped by the depiction of many villainous, intelligent, acrobatic robots in

popular entertainment. Compared with their fictional counterparts, real robots are still benign,

dim-witted and clumsy.

2. Definitions

It is difficult to compare numbers of robots in different countries, since there are different

definitions of what a "robot" is. The International Organization for Standardization gives a

definition of robot in ISO 8373: "an automatically controlled, reprogrammable, multipurpose,

manipulator programmable in three or more axes, which may be either fixed in place or mobile

for use in industrial automation applications." This definition is used by the International

Federation of Robotics, the European Robotics Research Network (EURON), and many national

standards committees. The Robotics Institute of America (RIA) uses a broader definition: a robot

is a "re-programmable multi-functional manipulator designed to move materials, parts, tools, or

specialized devices through variable programmed motions for the performance of a variety of

tasks". The RIA subdivides robots into four classes: devices that manipulate objects with manual

control, automated devices that manipulate objects with predetermined cycles, programmable

and servo-controlled robots with continuous point-to-point trajectories, and robots of this last

type which also acquire information from the environment and move intelligently in response.
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There is no one definition of robot which satisfies everyone, and many people have their own.

For example, Joseph Engelberger, a pioneer in industrial robotics, once remarked: "I can't define

a robot, but I know one when I see one." According to Encyclopaedia Britannica, a robot is "any

automatically operated machine that replaces human effort, though it may not resemble human

beings in appearance or perform functions in a humanlike manner". Merriam-Webster describes

a robot as a "machine that looks like a human being and performs various complex acts (as

walking or talking) of a human being", or a "device that automatically performs complicated

often repetitive tasks", or a "mechanism guided by automatic controls".

3. Contemporary Uses

At present there are 2 main types of robots, based on their use: General-purpose autonomous

robots and Purpose-build robots. General-purpose autonomous robots are robots that typically

mimic human behavior and are often build to be physically similar to humans as well. This type

of robot is therefore also often called a humanoid robot. General-purpose autonomous robots are

not as flexible as people, but they often can navigate independently in known spaces. Like

computers, general-purpose robots can link with software and accessories that increase their

usefulness. They may recognize people or objects, talk, provide companionship, monitor

environmental quality, pick up supplies and perform other useful tasks. General-purpose robots

may perform a variety of tasks simultaneously or they may take on different roles at different

times of day. In 2006, there were an estimated 3,540,000 service robots in use, and an estimated

950,000 industrial robots. A different estimate counted more than one million robots in operation

worldwide in the first half of 2008, with roughly half in Asia, 32% in Europe, 16% in North

America, 1% in Australasia and 1% in Africa. Industrial and service robots can be placed into

roughly two classifications based on the type of job they do. The first category includes tasks

which a robot can do with greater productivity, accuracy, or endurance than humans; the second

category consists of dirty, dangerous or dull jobs which humans find undesirable.
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4. Robot Economics

Many factory jobs are now performed by robots. This has led to cheaper mass-produced goods,

including automobiles and electronics. Stationary manipulators used in factories have become

the largest market for robots. Over the last three decades automobile factories have become

dominated by robots. A typical factory contains hundreds of industrial robots working on fully

automated production lines, with one robot for every ten human workers. On an automated

production line, a vehicle chassis on a conveyor is welded, glued, painted and finally assembled

at a sequence of robot stations. Industrial robots are also used extensively for palletizing and

packaging of manufactured goods, for example for rapidly taking drink cartons from the end of a

conveyor belt and placing them into boxes, or for loading and unloading machining centers.

In Section 5 of this course you will cover these topics:
Group Technology

Computer-Integrated Manufacturing

Implementation Of A Cad/Cam System

Topic : Group Technology

Topic Objective:

At the end of this topic student would be able to:

 Learn about the technology

 Understand the Group Technology

 Learn about the Definition and Usage
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Definition/Overview:

Technology: Technology is a broad concept that deals with an animal species' usage and

knowledge of tools and crafts, and how it affects an animal species' ability to control and adapt

to its environment.

Family: Family denotes a group of people affiliated by a common ancestry, affinity or co-

residence. Although the concept of consanguinity originally referred to relations by "blood,"

some anthropologists have argued that one must understand the idea of "blood" metaphorically,

and that many societies understand 'family' through other concepts rather than through genetic

distance.

Key Points:

1. Technology

Technology is a broad concept that deals with an animal species' usage and knowledge of tools

and crafts, and how it affects an animal species' ability to control and adapt to its environment.

Technology is a term with origins in the Greek "technologia", "τεχνολογία" "techne", "τέχνη"

("craft") and "logia", "λογία" ("saying"). However, a strict definition is elusive; "technology" can

refer to material objects of use to humanity, such as machines, hardware or utensils, but can also

encompass broader themes, including systems, methods of organization, and techniques. The

term can either be applied generally or to specific areas: examples include "construction

technology", "medical technology", or "state-of-the-art technology". The human race's use of

technology began with the conversion of natural resources into simple tools. The prehistorical

discovery of the ability to control fire increased the available sources of food and the invention

of the wheel helped humans in travelling in and controlling their environment. Recent

technological developments, including the printing press, the telephone, and the Internet, have
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lessened physical barriers to communication and allowed humans to interact on a global scale.

However, not all technology has been used for peaceful purposes; the development of weapons

of ever-increasing destructive power has progressed throughout history, from clubs to nuclear

weapons. Technology has affected society and its surroundings in a number of ways. In many

societies, technology has helped develop more advanced economies (including today's global

economy) and has allowed the rise of a leisure class. Many technological processes produce

unwanted by-products, known as pollution, and deplete natural resources, to the detriment of the

Earth and its environment. Various implementations of technology influence the values of a

society and new technology often raises new ethical questions. Examples include the rise of the

notion of efficiency in terms of human productivity, a term originally applied only to machines,

and the challenge of traditional norms. Philosophical debates have arisen over the present and

future use of technology in society, with disagreements over whether technology improves the

human condition or worsens it. Neo-Luddism, anarcho-primitivism, and similar movements

criticise the pervasiveness of technology in the modern world, claiming that it harms the

environment and alienates people; proponents of ideologies such as transhumanism and techno-

progressivism view continued technological progress as beneficial to society and the human

condition. Indeed, until recently, it was believed that the development of technology was

restricted only to human beings, but recent scientific studies indicate that other primates and

certain dolphin communities have developed simple tools and learned to pass their knowledge to

other generations.

2. Group Technology

GT is a manufacturing philosophy in which the parts having similarities (Geometry and/or

manufacturing process) are grouped together to achieve higher level of integration between the

design and manufacturing functions of a firm. The aim is to reduce work-in-progress and

improve delivery performance by reducing lead times. GT is based on a general principle that

many problems are similar and by grouping similar problems, a single solution can be found to a

set of problems, thus saving time and effort. The group of similar parts is known as part family

and the group of machineries used to process an individual part family is known as machine cell.
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It is not necessary for each part of a part family to be processed by every machine of

corresponding machine cell. This type of manufacturing in which a part family is produced by a

machine cell is known as cellular manufacturing. The manufacturing efficiencies are generally

increased by employing GT because the required operations may be confined to only a small cell

and thus avoiding the need for transportation of in-process parts. In product design, there are also

advantages obtained by grouping parts into families. For example, a design engineer faced with

the task of developing a new part design must either start from scratch or pull an existing

drawing from the files and make the necessary changes to conform to the requirements of the

new part. The problem is that finding a similar design may be quite difficult and time consuming.

For a large engineering department, there may be thousands of drawings in the files with no

systematic way to locate the desired drawing. As a consequence, the designer may decide that it

is easier to start from scratch in developing the new part. This decision is replicated many times

over in the company, thus consuming valuable time creating duplicate or near-duplicate part

designs. If an effective design-retrieval system were available, this waste could be avoided by

permitting the engineer to determine quickly if a similar part already exists. A simple change in

an existing design would be much less time consuming than starting from scratch. This design-

retrieval system is a manifestation of the group technology principle applied to the design

function. To implement such a system, some form of parts classification and coding is required.

Parts classification and coding is concerned with identifying the similarities among parts and

relating these similarities to a coding system. Part similarities are of two types: design attributes

(such as geometric shape and size), and manufacturing attributes (the sequence of processing

steps required to make the part). While the processing steps required to manufacture a part are

usually correlated with the part's design attributes, this is not always the case. Accordingly,

classification and coding systems are often devised to allow for differences between a part's

design and its manufacture. Whereas a parts classification and coding system is required in a

design-retrieval system, it can also be used in computer-aided process planning (CAPP).

Computer-aided process planning involves the automatic generation of a process plan (or route

sheet) to manufacture the part. The process routing is developed by recognizing the specific

attributes of the part in question and relating these attributes to the corresponding manufacturing
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operations. In the present chapter we develop the topics of group technology and parts

classification and coding. In the following chapter we present a discussion of computer-aided

process planning and several related issues. Group technology and parts classification and coding

are based on the concept of a part family.

3. Definition and Usage

In general technology is the relationship that society has with its tools and crafts, and to what

extent society can control its environment. The Merriam-Webster dictionary offers a definition

of the term: "the practical application of knowledge especially in a particular area" and "a

capability given by the practical application of knowledge". Ursula Franklin, in her 1989 "Real

World of Technology" lecture, gave another definition of the concept; it is "practice, the way we

do things around here". The term is often used to imply a specific field of technology, or to refer

to high technology or just consumer electronics, rather than technology as a whole. Bernard

Stiegler, in Technics and Time, 1, defines technology in two ways: as "the pursuit of life by

means other than life", and as "organized inorganic matter." Technology can be most broadly

defined as the entities, both material and immaterial, created by the application of mental and

physical effort in order to achieve some value. In this usage, technology refers to tools and

machines that may be used to solve real-world problems. It is a far-reaching term that may

include simple tools, such as a crowbar or wooden spoon, or more complex machines, such as a

space station or particle accelerator. Tools and machines need not be material; virtual

technology, such as computer software and business methods, fall under this definition of

technology.

The word "technology" can also be used to refer to a collection of techniques. In this context, it

is the current state of humanity's knowledge of how to combine resources to produce desired

products, to solve problems, fulfill needs, or satisfy wants; it includes technical methods, skills,

processes, techniques, tools and raw materials. When combined with another term, such as

"medical technology" or "space technology", it refers to the state of the respective field's
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knowledge and tools. "State-of-the-art technology" refers to the high technology available to

humanity in any field. Technology can be viewed as an activity that forms or changes culture.

Additionally, technology is the application of math, science, and the arts for the benefit of life as

it is known. A modern example is the rise of communication technology, which has lessened

barriers to human interaction and, as a result, has helped spawn new subcultures; the rise of

cyberculture has, at its basis, the development of the Internet and the computer. Not all

technology enhances culture in a creative way; technology can also help facilitate political

oppression and war via tools such as guns. As a cultural activity, technology predates both

science and engineering, each of which formalize some aspects of technological endeavor.

Topic : Computer-Integrated Manufacturing

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Computer-integrated Manufacturing

 Understand the Overview

 Learn about the Key Challenges

 Understand the Subsystems in Computer Integrated Manufacturing

Definition/Overview:

Manufacturing: Manufacturing is the use of machines, tools and labor to make things for use or

sale. The term may refer to a range of human activity, from handicraft to high tech, but is most

commonly applied to industrial production, in which raw materials are transformed into finished

goods on a large scale. Such finished goods may be used for manufacturing other, more complex
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products, such as household appliances or automobiles, or sold to wholesalers, who in turn sell

them to retailers, who then sell them to end users the "consumers".

Product: In marketing, a product is anything that can be offered to a market that might satisfy a

want or need. In retailing, products are called merchandise. In manufacturing, products are

purchased as raw materials and sold as finished goods. Commodities are usually raw materials

such as metals and agricultural products, but a commodity can also be anything widely available

in the open market.

Key Points:

1. Computer-integrated Manufacturing

Computer-integrated manufacturing (CIM) is a method of manufacturing in which the entire

production process is controlled by computer. Typically, it relies on closed-loop control

processes, based on real-time input from sensors. It is also known as flexible design and

manufacturing.

2. Overview

The term "Computer Integrated Manufacturing" is both a method of manufacturing and the name

of a computer-automated system in which individual engineering, production, marketing, and

support functions of a manufacturing enterprise are organized. In a CIM system functional areas

such as design, analysis, planning, purchasing, cost accounting, inventory control, and

distribution are linked through the computer with factory floor functions such as materials
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handling and management, providing direct control and monitoring of all process operations. As

method of manufacturing, three components distinguish CIM from other manufacturing

methodologies:

 Means for data storage, retrieval, manipulation and presentation;

 Mechanisms for sensing state and modifying processes;

 Algorithms for uniting the data processing component with the sensor/modification

component.

CIM is basically use of Information and Communication Technology (ICT) in manufacturing.

3. Key Challenges

There are three major challenges to development of a smoothly operating Computer Integrated

Manufacturing system:

 Integration of components from different suppliers: When different machines, such as

CNC, conveyors and robots, are using different communications protocols. In the case of

AGVs, even differing lengths of time for charging the batteries may cause problems.

 Data integrity: The higher the degree of automation, the more critical is the integrity of

the data used to control the machines. While the CIM system saves on labor of operating

the machines, it requires extra human labor in ensuring that there are proper safeguards

for the data signals that are used to control the machines.

 Process control: Computers may be used to assist the human operators of the

manufacturing facility, but there must always be a competent engineer on hand to handle

circumstances which could not be foreseen by the designers of the control software.
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4. Subsystems in Computer Integrated Manufacturing

A Computer Integrated Manufacturing system is not the same as a "lights out" factory, which

would run completely independent of human intervention, although it is a big step in that

direction. Part of the system involves flexible manufacturing, where the factory can be quickly

modified to produce different products, or where the volume of products can be changed quickly

with the aid of computers. Some or all of the following subsystems may be found in a CIM

operation:

 CAD/CAM (Computer-aided design/Computer-aided manufacturing)

 CAPP, (Computer-aided process planning)

 ERP (Enterprise resource planning)

 CNC (computer numerical control) machine tools

 DNC, direct numerical control machine tools

 FMS, flexible machining systems

 ASRS, automated storage and retrieval systems

 AGV, automated guided vehicles

 Robotics

 Automated conveyance systems

 Computerized scheduling and production control

 CAQ (Computer-aided quality assurance)

 A business system integrated by a common database.

 Lean Manufacturing

Topic : Implementation Of A Cad/Cam System

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Computer-Aided Design
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 Understand the Overview

 Learn about the Software Technologies

 Understand the Using CAD

 Learn about the Computer-Aided Manufacturing

 Understand the Historical shortcomings

 Understand the Future

Definition/Overview:

Finishing: Finishing involves a slow pass across the material in very fine steps to produce the

finished part.

Technology: Technology is a broad concept that deals with an animal species' usage and

knowledge of tools and crafts, and how it affects an animal species' ability to control and adapt

to its environment.

Industry: An industry is the manufacturing of a good or service within a category.
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Key Points:

1. Computer-Aided Design

Computer-Aided Design (CAD) is the use of computer technology to aid in the design and

particularly the drafting (technical drawing and engineering drawing) of a part or product,

including entire buildings. It is both a visual (or drawing) and symbol-based method of

communication whose conventions are particular to a specific technical field. Drafting can be

done in two dimensions ("2D") and three dimensions ("3D"). Drafting is the communication of

technical or engineering drawings and is the industrial arts sub-discipline that underlies all

involved technical endeavors. In representing complex, three-dimensional objects in two-

dimensional drawings, these objects have traditionally been represented by three projected views

at right angles.

2. Overview

Current Computer-Aided Design software packages range from 2D vector-based drafting

systems to 3D solid and surface modellers. Modern CAD packages can also frequently allow

rotations in three dimensions, allowing viewing of a designed object from any desired angle,

even from the inside looking out. Some CAD software is capable of dynamic mathematic

modeling, in which case it may be marketed as CADD computer-aided design and drafting. CAD

is used in the design of tools and machinery and in the drafting and design of all types of

buildings, from small residential types (houses) to the largest commercial and industrial

structures (hospitals and factories). CAD is mainly used for detailed engineering of 3D models

and/or 2D drawings of physical components, but it is also used throughout the engineering

process from conceptual design and layout of products, through strength and dynamic analysis of

assemblies to definition of manufacturing methods of components. CAD has become an

especially important technology within the scope of computer-aided technologies, with benefits

such as lower product development costs and a greatly shortened design cycle. CAD enables

designers to lay out and develop work on screen, print it out and save it for future editing, saving

time on their drawings.
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3. Software Technologies

Originally software for Computer-Aided Design systems was developed with computer

languages such as Fortran, but with the advancement of object-oriented programming methods

this has radically changed. Typical modern parametric feature based modeler and freeform

surface systems are built around a number of key C (programming language) modules with their

own APIs. A CAD system can be seen as built up from the interaction of a graphical user

interface (GUI) with NURBS geometry and/or boundary representation (B-rep) data via a

geometric modeling kernel. A geometry constraint engine may also be employed to manage the

associative relationships between geometry, such as wireframe geometry in a sketch or

components in an assembly. Unexpected capabilities of these associative relationships have led

to a new form of prototyping called digital prototyping. In contrast to physical prototypes, which

entail manufacturing time and material costs, digital prototypes allow for design verification and

testing on screen, speeding time-to-market and decreasing costs. As technology evolves in this

way, CAD has moved beyond a documentation tool (representing designs in graphical format)

into a more robust designing tool that assists in the design process.

4. Using CAD

Computer-Aided Design is one of the many tools used by engineers and designers and is used in

many ways depending on the profession of the user and the type of software in question. There

are several different types of CAD. Each of these different types of CAD systems require the

operator to think differently about how he or she will use them and he or she must design their

virtual components in a different manner for each. There are many producers of the lower-end

2D systems, including a number of free and open source programs. These provide an approach to

the drawing process without all the fuss over scale and placement on the drawing sheet that

accompanied hand drafting, since these can be adjusted as required during the creation of the

final draft. 3D wireframe is basically an extension of 2D drafting. Each line has to be manually

inserted into the drawing. The final product has no mass properties associated with it and cannot
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have features directly added to it, such as holes. The operator approaches these in a similar

fashion to the 2D systems, although many 3D systems allow using the wireframe model to make

the final engineering drawing views. 3D "dumb" solids (programs incorporating this technology

include AutoCAD and Cadkey 19) are created in a way analogous to manipulations of real world

objects. Basic three-dimensional geometric forms (prisms, cylinders, spheres, and so on) have

solid volumes added or subtracted from them, as if assembling or cutting real-world objects.

Two-dimensional projected views can easily be generated from the models. Basic 3D solids don't

usually include tools to easily allow motion of components, set limits to their motion, or identify

interference between components.

5. Computer-Aided Manufacturing

Computer-aided manufacturing (CAM) is the use of computer-based software tools that assist

engineers and machinists in manufacturing or prototyping product components. CAM is a

programming tool that makes it possible to manufacture physical models using computer-aided

design (CAD) programs. CAM creates real life versions of components designed within a

software package. CAM was first used in 1971 for car body design and tooling.

Traditionally, CAM has been considered as a numerical control (NC) programming tool wherein

three-dimensional (3D) models of components generated in CAD software are used to generate

CNC code to drive numerically controlled machine tools. Although this remains the most

common CAM function, CAM functions have expanded to integrate CAM more fully with

CAD/CAM/CAE PLM solutions. As with other Computer-Aided technologies, CAM does not

eliminate the need for skilled professionals such as Manufacturing Engineers and NC

Programmers. CAM, in fact, both leverages the value of the most skilled manufacturing

professionals through advanced productivity tools, while building the skills of new professionals

through visualization, simulation and optimization tools.
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6. Historical shortcomings

Historically, CAM software was seen to have several shortcomings that necessitated an overly

high level of involvement by skilled CNC machinists. CAM software would output code for the

least capable machine, as each machine tool interpreter added on to the standard g-code set for

increased flexibility. In some cases, such as improperly set up CAM software or specific tools,

the CNC machine required manual editing before the program will run properly. None of these

issues were so insurmountable that a thoughtful engineer could not overcome for prototyping or

small production runs; G-Code is a simple language. In high production or high precision shops,

a different set of problems were encountered where an experienced CNC machinist must both

hand-code programs and run CAM software. Integration of CAD with other components of

CAD/CAM/CAE PLM environment requires an effective CAD data exchange. Usually it had

been necessary to force the CAD operator to export the data in one of the common data formats,

such as IGES or STL, that are supported by a wide variety of software. The output from the

CAM software is usually a simple text file of G-code, sometimes many thousands of commands

long, that is then transferred to a machine tool using a direct numerical control (DNC) program.

CAM packages could not, and still cannot, reason as a machinist can. They could not optimize

toolpaths to the extent required of mass production. Users would select the type of tool,

machining process and paths to be used. While an engineer may have a working knowledge of g-

code programming, small optimization and wear issues compound over time. Mass-produced

items that require machining are often initially created through casting or some other non-

machine method. This enables hand-written, short, and highly optimized g-code that could not be

produced in a CAM package. At least in the United States, there is a shortage of young, skilled

machinists entering the workforce able to perform at the extremes of manufacturing; high

precision and mass production. As CAM software and machines become more complicated, the

skills required of a machinist advance to approach that of a computer programmer and engineer

rather than eliminating the CNC machinist from the workforce.
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7. Future

Over the past decade, CAD/CAM has provided hope and excitement about the prospects for the

manufacturing industries which have been in sharp contrast with recent reports of slow growth in

U.S. productivity. CAD/CAM technology has responded to industry needs for sophisticated

interactive graphics, computer-controlled machine tools, intelligent robots, improved inspection

techniques, and a host of other innovations to do manufacturing better. It is contingent upon

management to make the most of this new technology so that its full promise can be realized in

the future.
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