
principles of technical drawing

In Section 1 of this course you will cover these topics:
The Graphic Language And Design
Instrumental Drawing
Introduction To Cad
Lettering

Topic Objective:

At the end of the topic the students will be able to:

 Identify Interaction of Graphics and Language

 Learn about Common Graphical Languages

 Understand Current Graphical Languages

Definition/Overview:

Graphical Language: Graphical language is an emergent concept. Language in any form,

whether spoken, written (that is, the counterpart of a spoken language), or graphically

manifested, is a system of communication and reasoning using representation, metaphor, logical

grammar and symbolic expression. This is the sine qua non of civilization.
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Key Points:

1. Interaction of Graphics and Language

Language was based on the meanings that humans attach to and derive from the sounds that they

make with their voices. It was the ease with which humans make sounds and attach significance

to them which characterized the process of creating and using the various spoken languages. At

various points in history, new types of civilizations became possible, then real, with the advent of

written languages. Written languages are counterparts (isomorphic, in the mathematical sense) to

spoken languages and although the concept of written language is several thousand years old the

idea that each person in a civilization could make use of written language is a very recent idea,

not even as old as the printing press, just before the 16th century CE.

2. Common Graphical Languages

Since the latter part of the 20th century CE, in the computer and Internet era, abilities to easily

create new counterparts to spoken and written languages in the form of graphical objects on

displays have arisen. To these are attached significance and meaning, and it is possible to

instantaneously share such graphical expressions with others in every corner of the globe. They

can be assembled in complex ways according to rules that are spontaneously developing. The

process of creating and communicating instantly via graphical language parallels the manner in

which spoken languages were created by people in ages past who used their abilities to make

sounds to build systems of communication based on the meaning and significance that could be

associated with sounds.

Graphical languages are counterparts both to spoken languages and to the human thought

process. In the former case they have disadvantages and benefits compared to spoken or written

languages. A graphical language which is devised as a counterpart to a spoken or written

language is not constrained by the limitations of spoken languages. It extends the usefulness of

the spoken language in the same way the written extension of the spoken language does. Such

graphical languages are designed for communicating with others through a graphical display,

complementing and extending spoken languages.
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Other types of graphical languages allow people to interact with graphical representations on

graphical displays. This allows either individuals or groups of people to act collaboratively and,

for instance, perform complex graphical modeling in many endeavors, including chemistry,

biochemistry, finance, avionics, engineering, manufacturing, mining and logistics.

Web site development is one example of the development and use of the web browser as a

graphical language. To the extent that someone who does not speak Chinese but who can make

use of their ability to manipulate and make use of a Chinese web site, that person is

demonstrating the ability to supersede the limitations of spoken and written language and

communicate by use of a graphical language. Other primates, including gorillas and

chimpanzees, have learned to communicate with humans using one of the first graphical

languages, Sign language. This research goes back some fifteen to twenty years.

3. Current Graphical Languages

A few of the current examples of graphical languages are a graphical query language for XML

documents and Molecular interaction maps which uses a graphical language to depict complex

biological processes. There are several graphical languages designed for specific applications.

These applications come in the form of user gaming interfaces, vehicle navigation systems, point

of sales, automation of computer-based machines or systems and appliances. Anything that is

performed, monitored or controlled through a display which does not involve typing text,

typically involves the use of a graphical language, even if this graphical language is limited in its

design and or its usefulness.

Topic
: Instrumental Drawing
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Topic Objective:

At the end of the topic the students will be able to:

 Comprehend the notion of Engineering Drawings

 Learn about the Common features of engineering drawings

 Identify Line styles and types

 Learn about Lines can also be classified by a letter classification in which each line is given a

letter

 Identify Isometric view of a object

 Learn about Sizes of drawings

Definition/Overview:

Instrumental Drawing: An instrumental drawing is a type of drawing that is technical in nature,

used to fully and clearly define requirements for engineered items, and is usually created in

accordance with standardized conventions for layout, nomenclature, interpretation, appearance

(such as typefaces and line styles), size, etc. Its purpose is to accurately and unambiguously

capture all the geometric features of a product or a component. The end goal of an engineering

drawing is to convey all the required information that will allow a manufacturer to produce that

component.

Key Points:

1. Engineering Drawings

Engineering drawings are often referred to as "blueprints" or "bluelines". However, the terms are

rapidly becoming an anachronism, since most copies of engineering drawings that were formerly

made using a chemical-printing process that yielded graphics on blue-colored paper or,

alternatively, of blue-lines on white paper, have been superseded by more modern reproduction
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processes that yield black or multicolour lines on white paper. The process of producing

engineering drawings, and the skill of producing them, is often referred to as technical drawing,

although technical drawings are also required for disciplines that would not ordinarily be thought

of as parts of engineering.

2. Common features of engineering drawings

Drawings convey the following critical information:

 Geometry the shape of the object; represented as views; how the object will look when it is

viewed from various standard directions, such as front, top, side, etc.

 Dimensions the size of the object is captured in accepted units.

 Tolerances the allowable variations for each dimension.

 Material represents what the item is made of.

 Finish specifies the surface quality of the item, functional or cosmetic. For example, a mass-

marketed product usually requires a much higher surface quality than, say, a component that

goes inside industrial machinery.

3. Line styles and types

A variety of line styles graphically represent physical objects. Types of lines include the

following:

 visible are continuous lines used to depict edges directly visible from a particular angle.

 hidden are short-dashed lines that may be used to represent edges that are not directly visible.

 center are alternately long- and short-dashed lines that may be used to represent the axes of

circular features.

 cutting plane are thin, medium-dashed lines, or thick alternately long- and double short-dashed

that may be used to define sections for section views.

 section are thin lines in a pattern (pattern determined by the material being "cut" or "sectioned")

used to indicate surfaces in section views resulting from "cutting." Section lines are commonly

referred to as "cross-hatching."
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4. Lines can also be classified by a letter classification in which each line is given a letter.

 Type A lines show the outline of the feature of an object. They are the thickest lines on a

drawing and done with a pencil softer than HB.

 Type B lines are dimension lines and are used for dimensioning, projecting, extending, or

leaders. A harder pencil should be used, such as a 2H.

 Type C lines are used for breaks when the whole object is not shown. They are freehand drawn

and only for short breaks. 2H pencil

 Type D lines are similar to Type C, except they are zigzagged and only for longer breaks. 2H

pencil

 Type E lines indicate hidden outlines of internal features of an object. They are dotted lines. 2H

pencil

 Type F lines are Type F[typo] lines, except they are used for drawings in electrotechnology. 2H

pencil

 Type G lines are used for centre lines. They are dotted lines, but a long line of 1020mm, then a

gap, then a small line of 2mm. 2H pencil

 Type H lines are the same as Type G, except that every second long line is thicker. They indicate

the cutting plane of an object. 2H pencil

 Type K lines indicate the alternate positions of an object and the line taken by that object. They

are drawn with a long line of 1020mm, then a small gap, then a small line of 2mm, then a gap,

then another small line. 2H pencil.

5. Example of an engineering drawing

Here is an example of an engineering drawing. The different line types are colored for clarity.

Black = object line and hatching

Red = hidden line

Blue = center line

Magenta = phantom line or cutting plane

Sectional views are indicated by the direction of arrows, as in the example above.

Multiple views and projections
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In most cases, a single view is not sufficient to show all necessary features, and several views are

used. Types of views include the following:

6. Orthographic projection

Symbols used to define whether a projection is First Angle (left) or Third Angle (Right).

"Orthographic" comes from the Greek word for "straight writing (or drawing)." This projection

shows the object as it looks from the front, right, left, top, bottom, or back, and are typically

positioned relative to each other according to the rules of either first-angle or third-angle

projection. First angle projection is the ISO standard and is primarily used in Europe (excluding

the UK) and Asia. The 3D object is projected into 2D "paper" space as if you were looking at an

X-ray of the object: the top view is under the front view, the right view is at the left of the front

view. Third angle projection is primarily used in the United Kingdom, United States and Canada,

and places the left view on the left and the top view on the top.

Not all views are necessarily used, and determination of what surface constitutes the front, back,

top and bottom varies depending on the projection used.

6.1 Section

Depict what the object would look like if it were cut perfectly along cutting plane lines

defined in a particular view, and rotated 90 to directly view the resulting surface(s),

which are indicated with section lines. They show features not externally visible, or not

clearly visible.

6.2 Detail

Show portions of other views, "magnified" for clarity.

Auxiliary projection

Similar to orthographic projections, however the directions

Isometric projection
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7. Isometric view of the above object

Show the object from angles in which the scales along each axis of the object are equal. It

corresponds to rotation of the object by 45 about the vertical axis, followed by rotation of

approximately 35.264 [= arcsin(tan(30))] about the horizontal axis starting from an orthographic

projection view. "Isometric" comes from the Greek for "same measure." One of the things that

makes isometric drawings so attractive is the ease with which 60 degree angles can be

constructed with only a compass and straightedge.

Showing dimensions

The required sizes of features are conveyed through use of dimensions. Distances may be

indicated with either of two standardized forms of dimension: linear and ordinate.

 With linear dimensions, two parallel lines, called "extension lines," spaced at the distance

between two features, are shown at each of the features. A line perpendicular to the extension

lines, called a "dimension line," with arrows at its endpoints, is shown between, and terminating

at, the extension lines. The distance is indicated numerically at the midpoint of the dimension

line, either adjacent to it, or in a gap provided for it.

 With ordinate dimensions, one horizontal and one vertical extension line establish an origin for

the entire view. The origin is identified with zeroes placed at the ends of these extension lines.

Distances along the x- and y-axes to other features are specified using other extension lines, with

the distances indicated numerically at their ends.

Sizes of circular features are indicated using either diametral or radial dimensions. Radial

dimensions use an "R" followed by the value for the radius; Diametral dimensions use a circle

with forward-leaning diagonal line through it, called the diameter symbol, followed by the value

for the diameter. A radially-aligned line with arrowhead pointing to the circular feature, called a

leader, is used in conjunction with both diametral and radial dimensions. All types of dimensions

are typically composed of two parts: the nominal value, which is the "ideal" size of the feature,

and the tolerance, which specifies the amount that the value may vary above and below the

nominal.

 Geometric Dimensioning and Tolerancing is a method of specifying the functional geometry of

an object.
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8. Sizes of drawings

Topic Objective:

At the end of the topic the students will be able to:

 Comprehend the notion of Engineering Drawings

 Learn about the Common features of engineering drawings

 Identify Line styles and types

 Learn about Lines can also be classified by a letter classification in which each line is given a

letter

 Identify Isometric view of a object

 Learn about Sizes of drawings

Definition/Overview:

Instrumental Drawing: An instrumental drawing is a type of drawing that is technical in nature,

used to fully and clearly define requirements for engineered items, and is usually created in

accordance with standardized conventions for layout, nomenclature, interpretation, appearance

(such as typefaces and line styles), size, etc. Its purpose is to accurately and unambiguously

capture all the geometric features of a product or a component. The end goal of an engineering

drawing is to convey all the required information that will allow a manufacturer to produce that

component.
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Key Points:

1. Engineering Drawings

Engineering drawings are often referred to as "blueprints" or "bluelines". However, the terms are

rapidly becoming an anachronism, since most copies of engineering drawings that were formerly

made using a chemical-printing process that yielded graphics on blue-colored paper or,

alternatively, of blue-lines on white paper, have been superseded by more modern reproduction

processes that yield black or multicolour lines on white paper. The process of producing

engineering drawings, and the skill of producing them, is often referred to as technical drawing,

although technical drawings are also required for disciplines that would not ordinarily be thought

of as parts of engineering.

2. Common features of engineering drawings

Drawings convey the following critical information:

 Geometry the shape of the object; represented as views; how the object will look when it is

viewed from various standard directions, such as front, top, side, etc.

 Dimensions the size of the object is captured in accepted units.

 Tolerances the allowable variations for each dimension.

 Material represents what the item is made of.

 Finish specifies the surface quality of the item, functional or cosmetic. For example, a mass-

marketed product usually requires a much higher surface quality than, say, a component that

goes inside industrial machinery.

3. Line styles and types

A variety of line styles graphically represent physical objects. Types of lines include the

following:

 visible are continuous lines used to depict edges directly visible from a particular angle.

 hidden are short-dashed lines that may be used to represent edges that are not directly visible.

 center are alternately long- and short-dashed lines that may be used to represent the axes of

circular features.

 cutting plane are thin, medium-dashed lines, or thick alternately long- and double short-dashed

that may be used to define sections for section views.
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 section are thin lines in a pattern (pattern determined by the material being "cut" or "sectioned")

used to indicate surfaces in section views resulting from "cutting." Section lines are commonly

referred to as "cross-hatching."

4. Lines can also be classified by a letter classification in which each line is given a letter.

 Type A lines show the outline of the feature of an object. They are the thickest lines on a

drawing and done with a pencil softer than HB.

 Type B lines are dimension lines and are used for dimensioning, projecting, extending, or

leaders. A harder pencil should be used, such as a 2H.

 Type C lines are used for breaks when the whole object is not shown. They are freehand drawn

and only for short breaks. 2H pencil

 Type D lines are similar to Type C, except they are zigzagged and only for longer breaks. 2H

pencil

 Type E lines indicate hidden outlines of internal features of an object. They are dotted lines. 2H

pencil

 Type F lines are Type F[typo] lines, except they are used for drawings in electrotechnology. 2H

pencil

 Type G lines are used for centre lines. They are dotted lines, but a long line of 1020mm, then a

gap, then a small line of 2mm. 2H pencil

 Type H lines are the same as Type G, except that every second long line is thicker. They indicate

the cutting plane of an object. 2H pencil

 Type K lines indicate the alternate positions of an object and the line taken by that object. They

are drawn with a long line of 1020mm, then a small gap, then a small line of 2mm, then a gap,

then another small line. 2H pencil.

5. Example of an engineering drawing

Here is an example of an engineering drawing. The different line types are colored for clarity.

Black = object line and hatching

Red = hidden line

Blue = center line

Magenta = phantom line or cutting plane
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Sectional views are indicated by the direction of arrows, as in the example above.

Multiple views and projections

In most cases, a single view is not sufficient to show all necessary features, and several views are

used. Types of views include the following:

6. Orthographic projection

Symbols used to define whether a projection is First Angle (left) or Third Angle (Right).

"Orthographic" comes from the Greek word for "straight writing (or drawing)." This projection

shows the object as it looks from the front, right, left, top, bottom, or back, and are typically

positioned relative to each other according to the rules of either first-angle or third-angle

projection. First angle projection is the ISO standard and is primarily used in Europe (excluding

the UK) and Asia. The 3D object is projected into 2D "paper" space as if you were looking at an

X-ray of the object: the top view is under the front view, the right view is at the left of the front

view. Third angle projection is primarily used in the United Kingdom, United States and Canada,

and places the left view on the left and the top view on the top.

Not all views are necessarily used, and determination of what surface constitutes the front, back,

top and bottom varies depending on the projection used.

6.1 Section

Depict what the object would look like if it were cut perfectly along cutting plane lines

defined in a particular view, and rotated 90 to directly view the resulting surface(s),

which are indicated with section lines. They show features not externally visible, or not

clearly visible.
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6.2 Detail

Show portions of other views, "magnified" for clarity.

Auxiliary projection

Similar to orthographic projections, however the directions

Isometric projection

7. Isometric view of the above object

Show the object from angles in which the scales along each axis of the object are equal. It

corresponds to rotation of the object by 45 about the vertical axis, followed by rotation of

approximately 35.264 [= arcsin(tan(30))] about the horizontal axis starting from an orthographic

projection view. "Isometric" comes from the Greek for "same measure." One of the things that

makes isometric drawings so attractive is the ease with which 60 degree angles can be

constructed with only a compass and straightedge.

Showing dimensions

The required sizes of features are conveyed through use of dimensions. Distances may be

indicated with either of two standardized forms of dimension: linear and ordinate.

 With linear dimensions, two parallel lines, called "extension lines," spaced at the distance

between two features, are shown at each of the features. A line perpendicular to the extension

lines, called a "dimension line," with arrows at its endpoints, is shown between, and terminating

at, the extension lines. The distance is indicated numerically at the midpoint of the dimension

line, either adjacent to it, or in a gap provided for it.

 With ordinate dimensions, one horizontal and one vertical extension line establish an origin for

the entire view. The origin is identified with zeroes placed at the ends of these extension lines.

Distances along the x- and y-axes to other features are specified using other extension lines, with

the distances indicated numerically at their ends.
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Sizes of circular features are indicated using either diametral or radial dimensions. Radial

dimensions use an "R" followed by the value for the radius; Diametral dimensions use a circle

with forward-leaning diagonal line through it, called the diameter symbol, followed by the value

for the diameter. A radially-aligned line with arrowhead pointing to the circular feature, called a

leader, is used in conjunction with both diametral and radial dimensions. All types of dimensions

are typically composed of two parts: the nominal value, which is the "ideal" size of the feature,

and the tolerance, which specifies the amount that the value may vary above and below the

nominal.

 Geometric Dimensioning and Tolerancing is a method of specifying the functional geometry of

an object.

8. Sizes of drawings

The metric drawing sizes correspond to international paper sizes. These developed further

refinements in the second half of the twentieth century, when photocopying became cheap.

Engineering drawings could be readily doubled (or halved) in size and put on the next larger (or,

respectively, smaller) size of paper with no waste of space. And the metric technical pens were

chosen in sizes so that one could add detail or drafting changes with a pen of double (or half) the

width to the copy. The U.S. customary "A-size" corresponds to "letter" size, and "B-size"

corresponds to "ledger" or "tabloid" size. There were also once British paper sizes, which went

by names rather than alphanumeric designations. ANSI Y14.2, Y14.3, and Y14.5 are standards

that are commonly used in the U.S.
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Topic
: Lettering

Topic Objective:

At the end of the topic the students will be able to:

 Learn about Names of Letters

 Develop learning regarding history of Letters

 Comprehend various types of letters

Definition/Overview:

Letter: A letter is an element in an alphabetic system of writing, such as the Greek alphabet and

its descendants. Each letter in the written language is usually associated with one phoneme

(sound) in the spoken form of the language. Written signs in earlier writings are best called

syllabograms (which denote a syllable) or logograms (which denote a word or phrase).

Key Points:

1. Names of Letters

As symbols that denote segmental speech, letters are associated with phonetics. In a purely

phonemic alphabet, a single phoneme is denoted by a single letter, but in history and practice
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letters often denote more than one phoneme. A pair of letters designating a single phoneme is

called a digraph. Examples of digraphs in English include "ch", "sh" and "th". A phoneme can

also be represented by three letters, called a trigraph. An example is the combination "sch" in

German. A letter may also be associated with more than one phoneme, with the phoneme

depending on the surrounding letters or etymology of the word. As an example of positional

effects, the Spanish letter c is pronounced [k] before a, o, or u (e.g. cantar, corto, cuidado), but is

pronounced [s] before e or i (e.g. centimo, ciudad).

Letters also have specific names associated with them. These names may differ with language,

dialect and history. Z, for example, is usually called zed in all English-speaking countries except

the U.S., where it is named zee. Letters, as elements of alphabets, have prescribed orders. This

may generally be known as "alphabetical order" though collation is the science devoted to the

complex task of ordering and sorting of letters and words in different languages. In Spanish, for

instance, is a separate letter being sorted after n. In English, n and are sorted alike. Letters may

also have numerical value. This is true of Roman numerals and the letters of other writing

systems. In English, Arabic numerals are typically used instead of letters.

2. History of Letters

The invention of letters was preceded by the West Semitic script, which appeared in Canaan

around 1000 BC. Antecedents are suspected in the Proto-Canaanite writing, dated to around

1800 BC, Virtually all alphabets have their ultimate origins from this system. The Greek

alphabet was invented around 800 BC.

3. Types of letters

The following "alphabets" (not all are alphabets) and individual letters are discussed in related

articles. Each represents a different script:

Arabic alphabet: (Alphabetical from right to left) ,ظ ,ط ,ض ,ص ,ش ,س ,ز ,ر ,ذ ,د ,خ ,ح ,ج ,ث ,ت ,ب ,ا

,ن ,م ,ل ,ك ,ق ,ف ,غ ,ع ,ھـ .ي ,و

Cyrillic alphabet: А, Б, В, Г, Ґ, Д, Е, Є, Ж, З, И, І, Ї, Й, К, Л, М, Н, О, П, Р, С, Т, У, Ф, Х, Ц,

Ч, Ш, Щ, Ю, Я, Ъ, Ь, Ђ, Љ, Њ, Ћ, Џ.

Greek alphabet: Α, Β, Γ, Δ, Ε, Ζ, Η, Θ, Ι, Κ, Λ, Μ, Ν, Ξ, Ο, Π, Ρ, Σ, Τ, Υ, Φ, Χ, Ψ, Ω.
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Hebrew alphabet: (Alphabetical from right to left) ,א ,ב ,ג ,ד ,ה ,ו ,ז ,ח ,ט ,י ,כ ,ל ,מ ,נ ,ס ,ע ,פ ,צ ,ק ,ר

,ש .ת

Latin alphabet: A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, R, S, T, U, V, W, X, Y, Z.

Some writing systems have two major forms for each letter: an upper case form (also called

capital or majuscule) and a lower case form (also called minuscule). Upper and lower case forms

represent the same sound, but serve different functions in writing. Capital letters are most often

used at the beginning of a sentence, as the first letter of a proper name, or in inscriptions or

headers. They may also serve other functions, such as in the German language where all nouns

begin with capital letters. A letter may be printed in a number of different sizes or forms,

depending on choice of typeface. A typeface is a single, stylistically consistent set of forms for

letters (or glyphs). A particular typeface may alter standard forms of characters, may present

them with different optical weight, or may angle or embellish their forms. A font is more specific

than a typeface, since it specifies the size of the letters as well as the form.

Test Principles of Technical Drawing

Topic Objective:

At the end of the topic the students will be able to:

 Learning the relationship of Drafting and CAD

Hebrew alphabet: (Alphabetical from right to left) ,א ,ב ,ג ,ד ,ה ,ו ,ז ,ח ,ט ,י ,כ ,ל ,מ ,נ ,ס ,ע ,פ ,צ ,ק ,ר

,ש .ת

Latin alphabet: A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, R, S, T, U, V, W, X, Y, Z.

Some writing systems have two major forms for each letter: an upper case form (also called

capital or majuscule) and a lower case form (also called minuscule). Upper and lower case forms

represent the same sound, but serve different functions in writing. Capital letters are most often

used at the beginning of a sentence, as the first letter of a proper name, or in inscriptions or

headers. They may also serve other functions, such as in the German language where all nouns

begin with capital letters. A letter may be printed in a number of different sizes or forms,

depending on choice of typeface. A typeface is a single, stylistically consistent set of forms for

letters (or glyphs). A particular typeface may alter standard forms of characters, may present

them with different optical weight, or may angle or embellish their forms. A font is more specific

than a typeface, since it specifies the size of the letters as well as the form.

Test Principles of Technical Drawing

Topic Objective:

At the end of the topic the students will be able to:

 Learning the relationship of Drafting and CAD

Hebrew alphabet: (Alphabetical from right to left) ,א ,ב ,ג ,ד ,ה ,ו ,ז ,ח ,ט ,י ,כ ,ל ,מ ,נ ,ס ,ע ,פ ,צ ,ק ,ר

,ש .ת

Latin alphabet: A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, R, S, T, U, V, W, X, Y, Z.

Some writing systems have two major forms for each letter: an upper case form (also called

capital or majuscule) and a lower case form (also called minuscule). Upper and lower case forms

represent the same sound, but serve different functions in writing. Capital letters are most often

used at the beginning of a sentence, as the first letter of a proper name, or in inscriptions or

headers. They may also serve other functions, such as in the German language where all nouns

begin with capital letters. A letter may be printed in a number of different sizes or forms,

depending on choice of typeface. A typeface is a single, stylistically consistent set of forms for

letters (or glyphs). A particular typeface may alter standard forms of characters, may present

them with different optical weight, or may angle or embellish their forms. A font is more specific

than a typeface, since it specifies the size of the letters as well as the form.

Test Principles of Technical Drawing

Topic Objective:

At the end of the topic the students will be able to:

 Learning the relationship of Drafting and CAD
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 Develop learning regarding Fields of use of CAD

 Understand Software technologies and CAD

 Comprehend Hardware and OS technologies

 Learn Using CAD

 Understated The Effects of CAD

Definition/Overview:

Computer-aided Design: Computer-aided design (CAD) is the use of computer technology to

aid in the design and especially the drafting of a part or product. It is both a visual (or drawing)

and symbol-based method of communications whose conventions are particular to a specific

technical field.

Key Points:

1. Drafting and CAD

Drafting can be done in two dimensions ("2D") and three dimensions ("3D"). Drafting is the

integral communications of technical drawings and is the Industrial arts sub-discipline which

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 CAD software packages range from 2D vector base 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 used in the manufacture of components, 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).
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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.

2. Fields of use of CAD

 Architecture, engineering, and construction (AEC) industry

o Architecture

o Architectural engineering

o Interior design

o Interior architecture

o Building engineering

o Civil engineering and infrastructure

o Construction

o Roads and highways

o Railroads and tunnels

o Water supply and hydraulic engineering

o Storm drain, wastewater and sewer systems

o Mapping and surveying

o Chemical plant design

o Factory layout

o Heating, ventilation and air-conditioning (HVAC)

 Mechanical (MCAD) engineering

Fully editable digital multi-CAD mockup

o Automotive - vehicles
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o Aerospace

o Consumer goods

o Machinery

o Shipbuilding

o Bio-mechanical systems

 Electronic design automation (EDA)

o Electronic and electrical computer-aided design (ECAD)

o Digital circuit design

 Electrical engineering

o Power engineering or Power systems engineering

o Power systems CAD

o Power analytics

 Manufacturing process planning

 Industrial design

 Software applications

 Apparel and textile design

o Fashion design

 Designing musical instruments

 Garden design

 Lighting design

 Medicine

 Production design

3. History of CAD

Designers have long used computers for their calculations. Initial developments were carried out

in the 1960s within the aircraft and automotive industries in the area of 3D surface construction

and NC programming, most of it independent of one another and often not publicly published

until much later. Some of the mathematical description work on curves was developed in the

early 1940s by Robert Issac Newton from Pawtucket, Rhode Island. Robert A. Heinlein in his

1957 novel The Door into Summer suggested the possibility of a robotic Drafting Dan. However,
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probably the most important work on polynomial curves and sculptured surface was done by

Pierre Bezier (Renault), Paul de Casteljau (Citroen), Steven Anson Coons (MIT, Ford), James

Ferguson (Boeing), Carl de Boor (GM), Birkhoff (GM) and Garibedian (GM) in the 1960s and

W. Gordon (GM) and R. Riesenfeld in the 1970s. It is argued that a turning point was the

development of the SKETCHPAD system at MIT in 1963 by Ivan Sutherland (who later created

a graphics technology company with Dr. David Evans). The distinctive feature of SKETCHPAD

was that it allowed the designer to interact with his computer graphically: the design can be fed

into the computer by drawing on a CRT monitor with a light pen. Effectively, it was a prototype

of graphical user interface, an indispensable feature of modern CAD. The first commercial

applications of CAD were in large companies in the automotive and aerospace industries, as well

as in electronics. Only large corporations could afford the computers capable of performing the

calculations. Notable company projects were at GM (Dr. Patrick J.Hanratty) with DAC-1

(Design Augmented by Computer) 1964; Lockheed projects; Bell GRAPHIC 1 and at Renault

(Bezier) UNISURF 1971 car body design and tooling. One of the most influential events in the

development of CAD was the founding of MCS (Manufacturing and Consulting Services Inc.) in

1971 by Dr. P. J. Hanratty, who wrote the system ADAM (Automated Drafting And Machining)

but more importantly supplied code to companies such as McDonnell Douglas (Unigraphics),

Computervision (CADDS), Calma, Gerber, Autotrol and Control Data.

As computers became more affordable, the application areas have gradually expanded. The

development of CAD software for personal desktop computers was the impetus for almost

universal application in all areas of construction. Other key points in the 1960s and 1970s would

be the foundation of CAD systems United Computing, Intergraph, IBM, Intergraph IGDS in

1974 (which led to Bentley Systems MicroStation in 1984) CAD implementations have evolved

dramatically since then. Initially, with 3D in the 1970s, it was typically limited to producing

drawings similar to hand-drafted drawings. Advances in programming and computer hardware,

notably solid modeling in the 1980s, have allowed more versatile applications of computers in

design activities.

Key products for 1981 were the solid modelling packages -Romulus (ShapeData) and Uni-Solid

(Unigraphics) based on PADL-2 and the release of the surface modeler CATIA (Dassault

Systemes). Autodesk was founded 1982 by John Walker, which led to the 2D system AutoCAD.
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The next milestone was the release of Pro/ENGINEER in 1988, which heralded greater usage of

feature-based modeling methods and parametric linking of the parameters of features. Also of

importance to the development of CAD was the development of the B-rep solid modeling kernels

(engines for manipulating geometrically and topologically consistent 3D objects) Parasolid

(ShapeData) and ACIS (Spatial Technology Inc.) at the end of the 1980s and beginning of the

1990s, both inspired by the work of Ian Braid. This led to the release of mid-range packages such

as SolidWorks in 1995, Solid Edge (Intergraph) in 1996, IronCAD in 1998, and Autodesk

Inventor in 1999. Today CAD is one of the main tools used in designing products and

architecture and also in the field of engineering because of cutting edge technologies that have

come out in the last few years.

4. Software technologies and CAD

Originally software for CAD systems were developed with computer language 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
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documentation tool (representing designs in graphical format) into a more robust designing tool

that assists in the design process.

5. Hardware and OS technologies

Today most CAD 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 or NX provide

multiplatform support including Windows, Linux, UNIX and Mac OS X. Generally no special

basic memory is required with the exception of a high end OpenGL based Graphics card.

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 spacemouse/SpaceBall. Some systems also support stereoscopic glasses for viewing

the 3D model.

6. Using CAD

CAD 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. Each of the

different types of CAD systems requires 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 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
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AutoCAD and Cadkey 19) are created in a way analogous to manipulations of real word 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. 3D parametric solid modeling (programs incorporating this

technology include Alibre Design, TopSolid, T-FLEX CAD, SolidWorks, and Solid Edge)

require the operator to use what is referred to as "design intent". The objects and features created

are adjustable. Any future modifications will be simple, difficult, or nearly impossible,

depending on how the original part was created. One must think of this as being a "perfect

world" representation of the component. If a feature was intended to be located from the center

of the part, the operator needs to locate it from the center of the model, not, perhaps, from a more

convenient edge or an arbitrary point, as he could when using "dumb" solids. Parametric solids

require the operator to consider the consequences of his actions carefully. What may be simplest

today could be worst case tomorrow.

Some software packages provide the ability to edit parametric and non-parametric geometry

without the need to understand or undo the design intent history of the geometry by use of direct

modeling functionality. This ability may also include the additional ability to infer the correct

relationships between selected geometry (e.g., tangency, concentricity) which makes the editing

process less time and labor intensive while still freeing the engineer from the burden of

understanding the models design intent history. Draft views are able to be generated easily from

the models. Assemblies usually incorporate tools to represent the motions of components, set

their limits, and identify interference. The tool kits available for these systems are ever

increasing, including 3D piping and injection mold designing packages. Mid range software was

integrating parametric solids more easily to the end user: integrating more intuitive functions

(SketchUp), going to the best of both worlds with 3D dumb solids with parametric characteristics

(VectorWorks) or making very real-view scenes in relative few steps (Cinema4D). Top end

systems offer the capabilities to incorporate more organic, aesthetics and ergonomic features into

designs (Catia, GenerativeComponents). Freeform surface modelling is often combined with
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solids to allow the designer to create products that fit the human form and visual requirements as

well as they interface with the machine.

7. The Effects of CAD

Starting in the late 1980s, the development of readily affordable CAD programs that could be run

on personal computers began a trend of massive downsizing in drafting departments in many

small to mid-size companies. As a general rule, one CAD operator could readily replace at least

three or five drafters using traditional methods. Additionally, many engineers began to do their

own drafting work, further eliminating the need for traditional drafting departments. This trend

mirrored that of the elimination of many office jobs traditionally performed by a secretary as

word processors, spreadsheets, databases, etc. became standard software packages that

"everyone" was expected to learn. Another consequence had been that since the latest advances

were often quite expensive, small and even mid-size firms often could not compete against large

firms who could use their computational edge for competitive purposes. Today, however,

hardware and software costs have come down. Even high-end packages work on less expensive

platforms and some even support multiple platforms. The costs associated with CAD

implementation now are more heavily weighted to the costs of training in the use of these high

level tools, the cost of integrating a CAD/CAM/CAE PLM using enterprise across multi-CAD

and multi-platform environments and the costs of modifying design workflows to exploit the full

advantage of CAD tools.

CAD vendors have been effective in providing tools to lower these training costs. These tools

have operated in three CAD arenas:

 Improved and simplified user interfaces. This includes the availability of role specific tailorable

user interfaces through which commands are presented to users in a form appropriate to their

function and expertise.

 Enhancements to application software. One such example is improved design-in-context, through

the ability to model/edit a design component from within the context of a large, even multi-CAD,

active digital mockup.
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 User oriented modeling options. This includes the ability to free the user from the need to

understand the design intent history of a complex intelligent model.

The adoption of CAD studio or "paper-less studio," as it is sometimes called, in architectural

schools was not without resistance, however. Teachers were worried that sketching on a

computer screen did not replicate the skills associated with age-old practice of sketching in a

sketchbook. Furthermore, many teachers were worried that students would be hired for their

computer skills rather than their design skill, as was indeed common in the 1990s. Today,

however, (for better or worse, depending on the authority cited) education in CAD is now

accepted across the board in schools of architecture. It should be noted, however, that not all

architects have wanted to join the CAD revolution.

Topic Objective:

At the end of the topic the students will be able to:

 Learn about Names of Letters

 Develop learning regarding history of Letters

 Comprehend various types of letters

Definition/Overview:

Letter: A letter is an element in an alphabetic system of writing, such as the Greek alphabet and

its descendants. Each letter in the written language is usually associated with one phoneme

(sound) in the spoken form of the language. Written signs in earlier writings are best called

syllabograms (which denote a syllable) or logograms (which denote a word or phrase).
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Key Points:

4. Names of Letters

As symbols that denote segmental speech, letters are associated with phonetics. In a purely

phonemic alphabet, a single phoneme is denoted by a single letter, but in history and practice

letters often denote more than one phoneme. A pair of letters designating a single phoneme is

called a digraph. Examples of digraphs in English include "ch", "sh" and "th". A phoneme can

also be represented by three letters, called a trigraph. An example is the combination "sch" in

German. A letter may also be associated with more than one phoneme, with the phoneme

depending on the surrounding letters or etymology of the word. As an example of positional

effects, the Spanish letter c is pronounced [k] before a, o, or u (e.g. cantar, corto, cuidado), but is

pronounced [s] before e or i (e.g. centimo, ciudad).

Letters also have specific names associated with them. These names may differ with language,

dialect and history. Z, for example, is usually called zed in all English-speaking countries except

the U.S., where it is named zee. Letters, as elements of alphabets, have prescribed orders. This

may generally be known as "alphabetical order" though collation is the science devoted to the

complex task of ordering and sorting of letters and words in different languages. In Spanish, for

instance, is a separate letter being sorted after n. In English, n and are sorted alike. Letters may

also have numerical value. This is true of Roman numerals and the letters of other writing

systems. In English, Arabic numerals are typically used instead of letters.

5. History of Letters

The invention of letters was preceded by the West Semitic script, which appeared in Canaan

around 1000 BC. Antecedents are suspected in the Proto-Canaanite writing, dated to around

1800 BC, Virtually all alphabets have their ultimate origins from this system. The Greek

alphabet was invented around 800 BC.

6. Types of letters

The following "alphabets" (not all are alphabets) and individual letters are discussed in related

articles. Each represents a different script:
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Arabic alphabet: (Alphabetical from right to left) ,ر ,ذ ,د ,خ ,ح ,ج ,ث ,ت ,ب ,ا ,ظ ,ط ,ض ,ص ,ش ,س ,ز

,ن ,م ,ل ,ك ,ق ,ف ,غ ,ع ,ھـ .ي ,و

Cyrillic alphabet: А, Б, В, Г, Ґ, Д, Е, Є, Ж, З, И, І, Ї, Й, К, Л, М, Н, О, П, Р, С, Т, У, Ф, Х, Ц,

Ч, Ш, Щ, Ю, Я, Ъ, Ь, Ђ, Љ, Њ, Ћ, Џ.

Greek alphabet: Α, Β, Γ, Δ, Ε, Ζ, Η, Θ, Ι, Κ, Λ, Μ, Ν, Ξ, Ο, Π, Ρ, Σ, Τ, Υ, Φ, Χ, Ψ, Ω.

Hebrew alphabet: (Alphabetical from right to left) ,א ,ב ,ג ,ד ,ה ,ו ,ז ,ח ,ט ,י ,כ ,ל ,מ ,נ ,ס ,ע ,פ ,צ ,ק ,ר

,ש .ת

Latin alphabet: A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, R, S, T, U, V, W, X, Y, Z.

Some writing systems have two major forms for each letter: an upper case form (also called

capital or majuscule) and a lower case form (also called minuscule). Upper and lower case forms

represent the same sound, but serve different functions in writing. Capital letters are most often

used at the beginning of a sentence, as the first letter of a proper name, or in inscriptions or

headers. They may also serve other functions, such as in the German language where all nouns

begin with capital letters. A letter may be printed in a number of different sizes or forms,

depending on choice of typeface. A typeface is a single, stylistically consistent set of forms for

letters (or glyphs). A particular typeface may alter standard forms of characters, may present

them with different optical weight, or may angle or embellish their forms. A font is more specific

than a typeface, since it specifies the size of the letters as well as the form.

In Section 2 of this course you will cover these topics:

Geometric Constructions

Multi View Projection

Using A Cad System
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Topic
: Geometric Constructions

Topic Objective:

At the end of the topic the students will be able to:

 Learn about efficient Use of Compass

 Understand the basic constructions using Compass

 Develop learning regarding constructible points and lengths

 Understand Constructible angles

 Develop learning regarding Compass and straightedge constructions as complex arithmetic

 Comprehend the notion of extension field

Definition/Overview:

Compass-and-straightedge: Compass-and-straightedge or ruler-and-compass construction is

the construction of lengths or angles using only an idealized ruler and compass.
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Key Points:

1. Efficient Use of Compass

The ruler to be used is assumed to be infinite in length, has no markings on it and only one edge,

and is known as a straightedge. The compass is assumed to collapse when lifted from the page,

so may not be directly used to transfer distances. (This is an unimportant restriction, as this may

be achieved via the compass equivalence theorem.) Every point constructible using straightedge

and compass may be constructed using compass alone. A number of ancient problems in plane

geometry impose this restriction. The most famous ruler-and-compass problems have been

proven impossible in several cases by Pierre Wantzel, using the mathematical theory of fields. In

spite of these impossibility proofs, some mathematical novices persist in trying to solve these

problems. Many of them fail to understand that many of these problems are trivially solvable

provided that other geometric transformations are allowed: for example, doubling the cube is

possible using geometric constructions, but not possible using ruler and compass alone.

Mathematician Underwood Dudley has made a sideline of collecting false ruler-and-compass

proofs, as well as other work by mathematical cranks, and has collected them into several books.

The "compass" and "straightedge" of compass and straightedge constructions is an idealization

of rulers and compasses in the real world:

 The compass can be opened arbitrarily wide, but (unlike some real compasses) it has no

markings on it. It can only be opened to widths that have already been constructed, and it

collapses when not used for drawing.

 The straightedge is infinitely long, but it has no markings on it and has only one edge, unlike

ordinary rulers. It can only be used to draw a line segment between two points or to extend an

existing line.

Each construction must be exact. "Eyeballing" it (essentially looking at the construction and

guessing at its accuracy, or using some form of measurement, such as the units of measure on a
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ruler) and getting close does not count as a solution. Stated this way, compass and straightedge

constructions appear to be a parlour game, rather than a serious practical problem; but the

purpose of the restriction is to ensure that constructions can be proven to be exactly correct. One

of the chief purposes of Greek mathematics was to find exact constructions for various lengths;

for example, the side of a pentagon inscribed in a given circle. The Greeks did not find

constructions for three problems:

 Squaring the circle: Drawing a square the same area as a given circle.

 Doubling the cube: Drawing a cube with twice the volume of a given cube.

 Trisecting the angle: Dividing a given angle into three smaller angles all of the same size.

For 2000 years people tried to find constructions within the limits set above, and failed. All three

have now been proven under mathematical rules to be impossible generally some angles, for

example, can in fact be trisected, but many (in particular the innocent looking π/3) cannot.

2. The basic constructions

All compass and straightedge constructions consist of repeated application of five basic

constructions using the points, lines and circles that have already been constructed. These are:

 Creating the line through two existing points

 Creating the circle through one point with centre another point

 Creating the point which is the intersection of two existing, non-parallel lines

 Creating the one or two points in the intersection of a line and a circle (if they intersect)

 Creating the one or two points in the intersection of two circles (if they intersect)

For example, starting with the minimal state of a drawing, with just two distinct points, we can

create a line or either of two circles. From the two circles, two new points are created at their

intersections. Drawing lines between the two original points and one of these new points

completes the construction of an equilateral triangle.
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Therefore, in any geometric problem we have an initial set of symbols (points and lines), an

algorithm, and some results. From this perspective geometry is equivalent to an axiomatic

algebra, replacing its elements by symbols. Probably Gauss was the first one who realized this,

and used it to prove the impossibility of some constructions, but only much later Hilbert found a

complete set of axioms for geometry.

3. Constructible points and lengths

Suppose an algorithm that gives you a point as a result. The point will always be given by

intersection of two lines (or line and circle or two circles. Regardless of the algorithm we use, we

can only perform a finite number of steps. Therefore, no matter what algorithm we use to

determine them, there will always be points that we cannot mark by crossing of two lines (same

holds if we mark the point as intersection of a line and a circle, or of two circles)

There are many different ways to prove something is impossible. A more rigorous proof would

be to demarcate the limit of the possible, and show that to solve these problems one must

transgress that limit. Much of what can be constructed is covered in intercept theory. We could

associate an algebra to our geometry using a Cartesian coordinate system made of two lines, and

represent points of our plane by vectors. Finally we can write these vectors as complex numbers.

Using the equations for lines and circles, one can show that the points at which they intersect lie

in a quadratic extension of the smallest field F containing two points on the line, the center of the

circle, and the radius of the circle. That is, they are of the form x +y√k, where x, y, and k are in

F.

Since the field of constructible points is closed under square roots, it contains all points that can

be obtained by a finite sequence of quadratic extensions of the field of complex numbers with

rational coefficients. By the above paragraph, one can show that any constructible point can be

obtained by such a sequence of extensions. As a corollary of this, one finds that the degree of the

minimal polynomial for a constructible point (and therefore of any constructible length) is a

power of 2. In particular, any constructible point (or length) is an algebraic number.
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4. Constructible angles

There is a bijection between the angles that are constructible and the points that are constructible

on any constructible circle. The angles that are constructible form an abelian group under

addition modulo 2π (which corresponds to multiplication of the points on the unit circle viewed

as complex numbers). The angles that are constructible are exactly those whose tangent (or

equivalently, sine or cosine) is constructible as a number. For example the regular heptadecagon

is constructible because as discovered by Gauss.

The group of constructible angles is closed under the operation that halves angles (which

corresponds to taking square roots). The only angles of finite order that may be constructed

starting with two points are those whose order is either a power of two, or a product of a power

of two and a set of distinct Fermat primes. In addition there is a dense set of constructible angles

of infinite order.

5. Compass and straightedge constructions as complex arithmetic

Given a set of points in the Euclidean plane, selecting any one of them to be called 0 and another

to be called 1, together with an arbitrary choice of orientation allows us to consider the points as

a set of complex numbers. Given any such interpretation of a set of points as complex numbers,

the points constructible using valid compass and straightedge constructions alone are precisely

the elements of the smallest field containing the original set of points and closed under the

complex conjugate and square root operations (to avoid ambiguity, we can specify the square

root with complex argument less than π). The elements of this field are precisely those that may

be expressed as a formula in the original points using only the operations of addition,

subtraction, multiplication, division, complex conjugate, and square root, which is easily seen to

be a countable dense subset of the plane. Each of these six operations corresponding to a simple

compass and straightedge construction. From such a formula it is straightforward to produce a

construction of the corresponding point by combining the constructions for each of the arithmetic
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operations. More efficient constructions of a particular set of points correspond to shortcuts in

such calculations. Equivalently (and with no need to arbitrarily choose two points) we can say

that, given an arbitrary choice of orientation, a set of points determines a set of complex ratios

given by the ratios of the differences between any two pairs of points. The set of ratios

constructible using compass and straightedge from such a set of ratios is precisely the smallest

field containing the original ratios and closed under taking complex conjugates and square roots.

For example the real part, imaginary part and modulus of a point or ratio z (taking one of the two

viewpoints above) are constructible as these may be expressed as:

Doubling the cube and trisection of an angle (except for special angles such as any φ such that

φ/6π is a rational number with denominator the product of a power of two and a set of distinct

Fermat primes) require ratios which are the solution to cubic equations, while squaring the circle

requires a transcendental ratio. None of these are in the fields described, hence no compass and

straightedge construction for these exists.

6. Impossible constructions

The most famous of these problems, squaring the circle, otherwise known as the quadrature of

the circle, involves constructing a square with the same area as a given circle using only

straightedge and compass. Squaring the circle has been proven impossible, as it involves

generating a transcendental ratio, namely . Only certain algebraic ratios can be

constructed with ruler and compass alone, namely those constructed from the integers with a

finite sequence of operations of addition, subtraction, multiplication, division, and square roots.

The phrase "squaring the circle" is often used to mean "doing the impossible" for this reason.
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Without the constraint of requiring solution by ruler and compass alone, the problem is easily

solvable by a wide variety of geometric and algebraic means, and has been solved many times in

antiquity.

7. Doubling the cube

Doubling the cube: using only a straight-edge and compass, construct the side of a cube that has

twice the volume of a cube with a given side. This is impossible because the cube root of 2,

though algebraic, cannot be computed from integers by addition, subtraction, multiplication,

division, and taking square roots. This follows because its minimal polynomial over the rationals

has degree 3. This construction is possible using a ruler with two marks on it and a compass.

8. Angle trisection

Angle trisection: using only a ruler and a compass, construct an angle that is one-third of a given

arbitrary angle. With a straightedge and compass, it is in general impossible. For example, the

angle of π/3 radians (60) cannot be trisected, though, say, 2π/5 radians (72) may be trisected.

9. Constructing regular polygons

Some regular polygons (e.g. a pentagon) are easy to construct with ruler and compass; others are

not. This led to the question: Is it possible to construct all regular polygons with ruler and

compass? Carl Friedrich Gauss in 1796 showed that a regular n-sided polygon can be constructed

with ruler and compass if the odd prime factors of n are distinct Fermat primes. Gauss

conjectured that this condition was also necessary, but he offered no proof of this fact, which was

proven by Pierre Wantzel in 1837.

10. Constructing with only ruler or only compass

It is possible (according to the Mohr-Mascheroni theorem) to construct anything with just a

compass if it can be constructed with a ruler and compass. It is impossible to take a square root

with just a ruler, so some things cannot be constructed with a ruler that can be constructed with a

compass; but (by the Poncelet-Steiner theorem) given a single circle and its center, they can be

constructed.
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11. Extended constructions

Archimedes and Apollonius gave constructions involving the use of a markable ruler. This would

permit them, for example, to take a line segment, two lines (or circles), and a point; and then

draw a line which passes through the given point and intersects both lines, and such that the

distance between the points of intersection equals the given segment. This the Greeks called

neusis ("inclination", "tendency" or "verging"), because the new line tends to the point. This

construction extends geometry beyond the reach of Euclid's Elements. Euclid has no axiom, and

can prove no theorem, that such verging lines even exist, so he cannot use them for

constructions. In this expanded geometry, any distance whose ratio to an existing distance is the

solution of a cubic or a quartic equation is constructible. It follows that, if markable rulers and

neusis are permitted, the trisection of the angle and the duplication of the cube can be achieved;

the quadrature of the circle is still impossible. Some regular polygons, like the heptagon, become

constructible; and John H. Conway gives constructions for several of them; but the 11-sided

polygon, the hendecagon, is still impossible, and infinitely many others. When only angle

trisector is permitted, there is a complete description of all regular polygons which can be

constructed, including above mentioned regular heptagon, triskaidecagon (13-gon) and

enneadecagon (19-gon). It is open whether there are infinitely primes p for which a regular p-gon

is constructible with ruler, compass and an angle trisector.

12. Origami

Similarly, the mathematical theory of origami (i.e. paper folding without any equipment) is more

powerful than the compass and staightedge, for the same reasons. It can also be used to solve

cubic equations (and hence quartic equations), and thus solve two of the classical problems.

Origami can construct exactly the same set of points as the extended constructions using a

compass and a marked ruler.

13. The extension field

In abstract terms, using these more powerful tools of either neusis using a markable ruler or the

constructions of origami extends the field of constructible numbers to a larger subfield of the

complex numbers, which contains not only the square root, but also the cube roots, of every

element. The arithmetic formulae for constructible points described above have analogies in this
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larger field, allowing formulae that include cube roots as well. The field extension generated by

any additional point constructible in this larger field has degree a multiple of a power of two and

a power of three, and may be broken into a tower of extensions of degree 2 and 3.

Topic Objective:

At the end of the topic the students will be able to:

 Learn about digital illustration

 Understand how to apply media of Sketching

 Learn about the Forms of Sketching

Definition/Overview:

Sketch: A sketch (from Ancient Greek σχέδιος - schedios, made suddenly, off-hand is a rapidly

executed freehand drawing that is not intended as a finished work, often consisting of a multitude

of overlapping lines.

Key Points:

1. Forms of Sketching

If in oil paint it is called an oil sketch. Sketches usually serve to quickly record ideas for later

use. Sketches are inexpensive and allow the artist to try out different ideas and establish a

composition before committing to an expensive and time consuming painting or fresco.

Sketching sharpens an artist's ability to focus and has often been a prescribed part of artistic

development for students.
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Dry media such as pencil or pastel are often preferred due to time constraints, but a quickly done

watercolor study or even quickly modeled clay or soft wax can also be considered a 'sketch' in

the broader sense of the term. Graphite pencils being a relatively new invention, the artists of the

Renaissance could make sketches using the expensive method of a silver stylus on specially

prepared paper (known as silverpoint), with results similar to a modern pencil sketch, or, more

cheaply, used charcoal, chalk, or pen-and-ink. Contrary to popular belief, artists often use erasers

when drawing; the eraser may be used to remove rough construction lines, or to soften lines for

visual effect. The most commonly used eraser for pencil drawing is the kneaded eraser, which

has a soft, sticky surface that enables the artist to lift the graphite or charcoal from the drawing

surface without smudging. White plastic erasers can cleanly erase line work, but tend to smudge

heavy shading.

The sketchbooks of Leonardo da Vinci and Edgar Degas are two examples of many done by

famous artists which have become art objects in their own right, although many pages show

more thoughtful studies rather than true sketches. The ability to quickly record impressions

through sketching has found varied purposes in today's culture. Courtroom artists are usually

sketchers. Sketches drawn to help authorities find or identify wanted people are called composite

sketches. Street performers in popular tourist areas often include artists who sketch portraits

within minutes. A sketch method of reproducing photographs is done with a photographic

enlarger in a dark room. The negative image is projected on the paper where the sketch is to be

done. All the light shades are penciled until the paper is all the same shade.

2. Applying media of Sketching

Almost all draughtsmen use their hands and fingers to apply the media, with the exception of

some handicapped individuals who draw with their mouths or feet. Prior to working on an image,

the artist will likely want to gain an understanding of how the various media will work. The
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different drawing implements can be tried on practice sheets in order to determine value and

texture, and how to apply the implement in order to produce various effects.

The stroke of the drawing implement can be used to control the appearance of the image. Ink

drawings typically use hatching, which consists of groups of parallel lines. [4] Cross-hatching

uses hatching in two or more different directions to create a darker tone. Broken hatching, or

lines with intermittent breaks, is used to form lighter tones, and by controlling the density of the

breaks a graduation of tone can be achieved. Stippling, uses dots to produce tone, texture or

shade. Sketch drawings use similar techniques, although with pencils and drawing sticks

continuous variations in tone can be achieved. For best results the lines in a sketch are typically

drawn to follow the contour curves of the surface, thus producing a depth effect. When drawing

hair, the lines of the sketch follow the direction of the hair growth.

Typically a drawing will be filled in based on which hand the artist favors. A right-handed artist

will want to draw from left to right in order to avoid smearing the image. Sometimes the artist

will want to leave a section of the image blank while filling in the remainder of the picture. A

frisket can be used for this purpose. The shape of the area to be preserved is cut out of the frisket,

and the resulting shape is then applied to the drawing surface. This will protect the surface from

receiving any stray marks before it is ready to be filled in. Another method to preserve a section

of the image is to apply a spray-on fixative to the surface. This will hold loose material more

firmly to the sheet and prevent it from smearing. However the fixative spray typically uses

chemicals that can negatively affect the respiratory system, so it should be employed in a well-

ventilated area such as outdoors.

3. Digital illustration

Drawing may also be done as computer art. Computer illustration or digital art is the use of

digital tools to produce images under the direct manipulation of the artist, usually through a

pointing device such as a tablet or a mouse. It is distinguished from computer-generated art,

which is produced by a computer using mathematical models created by the artist. It is also

distinct from digital manipulation of photographs, in that it is an original construction "from

scratch". (Photographic elements may be incorporated into such works, but they are not the

primary basis or source for them.)
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Topic Objective:

At the end of the topic the students will be able to:

 Comprehend the notion of Orthographic projection

 Learn about Quadrants in descriptive geometry

 Develop learning regarding First-angle projection

 Learn about Multiviews without rotation

Definition/Overview:

Multiview Orthographic: With multiview orthographic projections, up to six pictures of an

object are produced, with each projection plane parallel to one of the coordinate axes of the

object.

Key Points:

1. Orthographic projection

Orthographic projection is a means of representing a three-dimensional (3D) object in two

dimensions (2D). It is a form of parallel projection, where the view direction is orthogonal to the
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projection plane. It is further divided into multiview orthographic projections and axonometric

projections. Orthographic projection corresponds to a perspective projection with a hypothetical

viewpointe.g., one where the camera lies an infinite distance away from the object and has an

infinite focal length, or "zoom". The views are positioned relative to each other according to

either of two schemes: first-angle or third-angle projection. In each, the appearances of views

may be thought of as being projected onto planes that form a 6-sided box around the object.

2. Quadrants in descriptive geometry

Modern orthographic projection is derived from Gaspard Monge's descriptive geometry. Monge

defined a reference system of two viewing planes, horizontal H ("ground") and vertical V

("backdrop"). These two planes intersect to partition 3D space into 4 quadrants, which he

labeled:

 above H, in front of V

 above H, behind V

 below H, behind V

 below H, in front of V

These quadrant labels are the same as used in 2D planar geometry, as seen from infinitely far to

the "left", taking H and V to be the X-axis and Y-axis, respectively. The 3D object of interest is

then placed into either quadrant I or III (equivalently, the position of the intersection line

between the two planes is shifted), obtaining first- and third-angle projections, respectively.

Quadrants II and IV are also mathematically valid, but their use would result in one view "true"

and the other view "flipped" by 180 through its vertical centerline, which is too confusing for

technical drawings. Monge's original formulation uses two planes only, and obtains the top and

front views only. The addition of a third plane to show a side view (either left or right) is a

modern extension. The terminology of quadrant is a mild anachronism, as a modern orthographic

projection with three views corresponds more precisely to an octant of 3D space.

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

42
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



3. First-angle projection

In first-angle projection, the object is conceptually located in quadrant I, i.e. it floats above and

before the viewing planes, the planes are opaque, and each view is pushed through the object

onto the plane furthest from it. (Mnemonic: an "actor on a stage".) Extending to the 6-sided box,

each view of the object is projected in the direction (sense) of sight of the object, onto the

(opaque) interior walls of the box; that is, each view of the object is drawn on the opposite side

of the box:

In third-angle projection, the object is conceptually located in quadrant III, i.e. it lurks below and

behind the viewing planes, the planes are transparent, and each view is pulled onto the plane

closest to it. (Mnemonic: a "shark in a tank", esp. that is sunken into the floor.) Using the 6-sided

viewing box, each view of the object is projected opposite to the direction (sense) of sight, onto

the (transparent) exterior walls of the box; that is, each view of the object is drawn on the same

side of the box. The box is then unfolded to view all of its exterior walls.

4. Additional information

First-angle projection is as if the object were sitting on the paper and, from the "face" (front)

view, it is rolled to the right to show the left side or rolled up to show its bottom. It is standard

throughout Europe (excluding the UK) and Asia. Third-angle is as if the object were a box to be

unfolded. If we unfold the box so that the front view is in the center of the two arms, then the top

view is above it, the bottom view is below it, the left view is to the left, and the right view is to

the right. It is standard in the United Kingdom, USA and Canada. Both first-angle and third-

angle projections result in the same 6 views; the difference between them is the arrangement of

these views around the box. A great deal of confusion has ensued in drafting rooms and

engineering departments when drawings are transferred from one convention to another. On

engineering drawings, the projection angle is denoted by an international symbol consisting of a

truncated cone, respectively for first-angle (FR) and third-angle (US):
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The 3D interpretation of the symbol can be deduced by envisioning a solid truncated cone

(Mnemonic: a "gift-wrapped megaphone"), standing upright with its large end on the floor and

the small end upward. The top view is therefore two concentric circles ("donut"). In particular,

the fact that the inner circle is drawn with a solid line instead of dashed disambiguates this view

as the top view, not the bottom view.

 In first-angle projection, the "top" view is pushed down to the floor, and the "front" view is

pushed back to the rear wall; the intersection line between these two planes is therefore closest to

the large end of the cone, hence the first-angle symbol shows the cone with its large end open

toward the donut.

 In third-angle projection, the "top" view is pulled up to the ceiling, and the "front" view is pulled

forward to the front wall; the intersection line between the two planes is thus closest to the small

end of the cone, hence the third-angle symbol shows the cone with its large end away from the

donut.

5. Multiviews without rotation

Orthographic multiview projection is derived from the principles of descriptive geometry and

may produce an image of a specified, imaginary object as viewed from any direction of space.

Orthographic projection is distinguished by parallel projectors emanating from all points of the

imaged object and which intersect a plane of projection at right angles. Above, a technique is

described that obtains varying views by projecting images after the object is rotated to a desired

position. Descriptive geometry customarily relies on obtaining various views by imagining an

object to be stationary, and changing the direction of projection (viewing) in order to obtain the

desired view. Using the rotation technique above, note that no orthographic view is available

looking perpendicularly at any of the inclined surfaces. Suppose a technician desired such a view
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to, say, look through a hole to be drilled perpendicularly to the surface. Such a view might be

desired for calculating clearances or for dimensioning purposes. To obtain this view without

multiple rotations requires the principles of Descriptive Geometry. The steps below describe the

use of these principles in third angle projection.

 Fig.1: Pictorial of imaginary object that the technician wishes to image.

 Fig.2: The object is imagined behind a vertical plane of projection. The angled corner of the

plane of projection is addressed later.

 Fig.3: Projectors emanate parallel from all points of the object, perpendicular to the plane of

projection.

 Fig.4: An image is created thereby.

 Fig.5: A second, horizontal plane of projection is added, perpendicular to the first.

 Fig.6: Projectors emanate parallel from all points of the object perpendicular to the second plane

of projection.

 Fig.7: An image is created thereby.

 Fig.8: A third plane of projection is added, perpendicular to the previous two.

 Fig.9: Projectors emanate parallel from all points of the object perpendicular to the third plane of

projection.

 Fig.10: An image is created thereby.

 Fig.11: A fourth plane of projection is added parallel to the chosen inclined surface, and per

force, perpendicular to the first (Frontal) plane of projection.

 Fig.12: Projectors emanate parallel from all points of the object perpendicularly from the

inclined surface, and per force, perpendicular to the fourth (Auxiliary) plane of projection.

 Fig.13: An image is created thereby.

 Fig.14-16: The various planes of projection are unfolded to be planar with the Frontal plane of

projection.
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 Fig.17: The final appearance of an orthographic multiview projection and which includes an

"Auxiliary view" showing the true shape of an inclined surface.

Within orthographic projection there is an ancillary category known as Pictorials. Pictorials show

an image of an object as viewed from a skew direction in order to reveal all three directions

(axes) of space in one picture. Orthographic pictorial instrument drawings are often used to

approximate graphical perspective projections, but there is attendant distortion in the

approximation. Because pictorial projections innately have this distortion, in the instrument

drawing of pictorials, great liberties may then be taken for economy of effort and best effect.

Orthographic pictorials rely on the technique of axonometric projection ("to measure along

axes").

Topic Objective:

At the end of the topic the students will be able to:

 Learn about the Effects of CAD

 Identify AutoCAD LT

 Comprehend AutoCAD Student Versions

 Develop learning regarding Vertical programs & AutoCAD

 Understated Software for CAD systems

Definition/Overview:

Computer-aided design: Computer-aided design (CAD) is the use of computer technology to

aid in the design and especially the drafting of a part or product. It is both a visual (or drawing)
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and symbol-based method of communications whose conventions are particular to a specific

technical field.

Key Points:

1. The Effects of CAD

Starting in the late 1980s, the development of readily affordable Computer-Aided Design

programs that could be run on personal computers began a trend of massive downsizing in

drafting departments in many small to mid-size companies. As a general rule, one CAD operator

could readily replace at least three to five drafters using traditional methods. Additionally, many

engineers began to do their own drafting work, further eliminating the need for traditional

drafting departments. This trend mirrored that of the elimination of many office jobs traditionally

performed by a secretary as word processors, spreadsheets, databases, etc. became standard

software packages that "everyone" was expected to learn. Another consequence had been that

since the latest advances were often quite expensive, small and even mid-size firms often could

not compete against large firms who could use their computational edge for competitive

purposes. Today, however, hardware and software costs have come down. Even high-end

packages work on less expensive platforms and some even support multiple platforms. The costs

associated with CAD implementation now are more heavily weighted to the costs of training in

the use of these high level tools, the cost of integrating a CAD/CAM/CAE PLM using enterprise

across multi-CAD and multi-platform environments and the costs of modifying design work

flows to exploit the full advantage of CAD tools. CAD vendors have effectively lowered these

training costs. These methods can be split into three categories:

 Improved and simplified user interfaces. This includes the availability of role specific tailorable

user interfaces through which commands are presented to users in a form appropriate to their

function and expertise.
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 Enhancements to application software. One such example is improved design-in-context, through

the ability to model/edit a design component from within the context of a large, even multi-CAD,

active digital mockup.

 User oriented modeling options. This includes the ability to free the user from the need to

understand the design intent history of a complex intelligent model.

2. AutoCAD LT

AutoCAD LT is a version of AutoCAD with more limited capabilities. It costs less (approx.

US$1200 versus around US$4,000 for the full AutoCAD). Besides being sold directly by

Autodesk, it is also available for purchase at computer stores, unlike full AutoCAD which has to

be purchased from an official Autodesk dealer. It was developed so Autodesk could have an

entry-level CAD package available to compete in that price class. AutoCAD LT is marketed as a

CAD package for those who only need 2D functionality. Compared to the full edition of

AutoCAD, AutoCAD LT lacks several features: most notably, it has no 3D modeling capabilities

(although it has a full suite of 3D viewing functions for looking at 3D models created in other

CAD packages) and does not include any programming interfaces, such as support for most third

party programs and does not support AutoLISP programs. A full listing of differences is on the

Autodesk website. AutoCAD LT originated by taking the codebase of AutoCAD and

commenting out substantial portions, which allowed AutoCAD and AutoCAD LT to be

developed simultaneously.

3. AutoCAD Student Versions

AutoCAD is licensed at a significant discount over commercial retail pricing to qualifying

students and teachers, with both a 14 month and perpetual license available. The student version

of AutoCAD is functionally identical to the full commercial version, with one exception: DWG

files created or edited by a student version have an internal bit-flag set (the "educational flag").

When such a DWG file is printed by any version of AutoCAD (commercial or student), the

output will include a plot stamp / banner on all four sides. Objects created in the Student Version

cannot be used for commercial use. These Student Version objects can and will 'infect' a

commercial version DWG file if imported. The Autodesk student community provides registered

students with free access to different Autodesk applications. While AutoCAD is not available as
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standalone downloadable application, students have access to some other applications, which

include AutoCAD, such as Civil3D or AutoCAD Architecture.

4. Vertical programs & AutoCAD

Autodesk has also developed a few vertical programs, for discipline-specific enhancements.

AutoCAD Architecture (formerly Architectural Desktop), for example, permits architectural

designers to draw 3D objects such as walls, doors and windows, with more intelligent data

associated with them, rather than simple objects such as lines and circles. The data can be

programmed to represent specific architectural products sold in the construction industry, or

extracted into a data file for pricing, materials estimation, and other values related to the objects

represented. Additional tools allow designers to generate standard 2D drawings, such as

elevations and sections, from a 3D architectural model. Similarly, Civil Design, Civil Design 3D,

and Civil Design Professional allow data-specific objects to be used, allowing standard civil

engineering calculations to be made and represented easily. AutoCAD Electrical, AutoCAD

Civil 3D, AutoCAD Map 3D, AutoCAD Mechanical, AutoCAD MEP, AutoCAD P&ID and

AutoCAD Structural Detailing are other examples of industry-specific CAD applications built on

the AutoCAD platform.

The capabilities of modern CAD systems include:

 Wireframe geometry creation

 3D parametric feature based modelling, Solid modelling

 Freeform surface modelling

 Automated design of assemblies, which are collections of parts and/or other assemblies

 Create engineering drawings from the solid models

 Reuse of design components

 Ease of modification of design of model and the production of multiple versions

 Automatic generation of standard components of the design

 Validation/verification of designs against specifications and design rules

 Simulation of designs without building a physical prototype
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 Output of engineering documentation, such as manufacturing drawings, and Bills of Materials to

reflect the BOM required to build the product

 Import/Export routines to exchange data with other software packages

 Output of design data directly to manufacturing facilities

 Output directly to a Rapid Prototyping or Rapid Manufacture Machine for industrial prototypes

 maintain libraries of parts and assemblies

 calculate mass properties of parts and assemblies

 aid visualization with shading, rotating, hidden line removal, etc.

 Bi-directional parametric association (modification of any feature is reflected in all information

relying on that feature; drawings, mass properties, assemblies, etc.)

 kinematics, interference and clearance checking of assemblies

 sheet metal

 hose/cable routing

 electrical component packaging

 inclusion of programming code in a model to control and relate desired attributes of the model

 Programmable design studies and optimization

 Sophisticated visual analysis routines, for draft, curvature, curvature continuity.

5. Software for CAD systems

Originally software for CAD systems were developed with computer language 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
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documentation tool (representing designs in graphical format) into a more robust designing tool

that assists in the design process.

In Section 3 of this course you will cover these topic
Sectional Views
Auxiliary Views
Revolutions
Manufacturing Processes

Topic Objective:

At the end of the topic the students will be able to:

 Learn about Practical geometry

 Develop concepts regarding Axiomatic geometry

 Comprehend the notion of Geometric constructions

 Understand the importance of Numbers in geometry

 Develop learning regarding Contemporary Euclidean geometry

 Understated Algebraic geometry

 Comprehend Differential geometry

 Identify Axiomatic and open development

Definition/Overview:

Sectional Views: A cross section or section is also an orthographic projection of a 3-dimensional

object from the position of a plane through the object. A floor plan is a section viewed from the
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top. In such views, the portion of the object in front of the plane is omitted to reveal what lies

beyond. In the case of a floor plan, the roof and upper portion of the walls may be omitted.

Key Points:

1. Practical geometry

There is little doubt that geometry originated as a practical science, concerned with surveying,

measurements, areas, and volumes. Among the notable accomplishments one finds formulas for

lengths, areas and volumes, such as Pythagorean theorem, circumference and area of a circle,

area of a triangle, volume of a cylinder, sphere, and a pyramid. Development of astronomy led to

emergence of trigonometry and spherical trigonometry, together with the attendant

computational techniques.

2. Axiomatic geometry

A method of computing certain inaccessible distances or heights based on similarity of geometric

figures and attributed to Thales presaged more abstract approach to geometry taken by Euclid in

his Elements, one of the most influential books ever written. Euclid introduced certain axioms, or

postulates, expressing primary or self-evident properties of points, lines, and planes. He

proceeded to rigorously deduce other properties by mathematical reasoning. The characteristic

feature of Euclid's approach to geometry was its rigor. In the twentieth century, David Hilbert

employed axiomatic reasoning in his attempt to update Euclid and provide modern foundations

of geometry.

3. Geometric constructions

Ancient scientists paid special attention to constructing geometric objects that had been

described in some other way. Classical instruments allowed in geometric constructions are the

compass and straightedge. However, some problems turned out to be difficult or impossible to

solve by these means alone, and ingenious constructions using parabolas and other curves, as

well as mechanical devices, were found. The approach to geometric problems with geometric or

mechanical means is known as synthetic geometry.
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4. Numbers in geometry

Already Pythagoreans considered the role of numbers in geometry. However, the discovery of

incommensurable lengths, which contradicted their philosophical views, made them abandon

(abstract) numbers in favour of (concrete) geometric quantities, such as length and area of

figures. Numbers were reintroduced into geometry in the form of coordinates by Descartes, who

realized that the study of geometric shapes can be facilitated by their algebraic representation.

Analytic geometry applies methods of algebra to geometric questions, typically by relating

geometric curves and algebraic equations. These ideas played a key role in the development of

calculus in the seventeenth century and led to discovery of many new properties of plane curves.

Modern algebraic geometry considers similar questions on a vastly more abstract level.

5. Geometry of position

Even in ancient times, geometers considered questions of relative position or spatial relationship

of geometric figures and shapes. Some examples are given by inscribed and circumscribed

circles of polygons, lines intersecting and tangent to conic sections, the Pappus and Menelaus

configurations of points and lines. In the Middle Ages new and more complicated questions of

this type were considered: What is the maximum number of spheres simultaneously touching a

given sphere of the same radius (kissing number problem)? What is the densest packing of

spheres of equal size in space (Kepler conjecture)? Most of these questions involved 'rigid'

geometrical shapes, such as lines or spheres. Projective, convex and discrete geometry are three

subdisciplines within present day geometry that deal with these and related questions. A new

chapter in Geometria situs was opened by Leonhard Euler, who boldly cast out metric properties

of geometric figures and considered their most fundamental geometrical structure based solely

on shape. Topology, which grew out of geometry, but turned into a large independent discipline,

does not differentiate between objects that can be continuously deformed into each other. The

objects may nevertheless retain some geometry, as in the case of hyperbolic knots.

6. Geometry beyond Euclid

For nearly two thousand years since Euclid, while the range of geometrical questions asked and

answered inevitably expanded, basic understanding of space remained essentially the same.
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Immanuel Kant argued that there is only one, absolute, geometry, which is known to be true a

priori by an inner faculty of mind: Euclidean geometry was synthetic a priori.[2] This dominant

view was overturned by the revolutionary discovery of non-Euclidean geometry in the works of

Gauss (who never published his theory), Bolyai, and Lobachevsky, who demonstrated that

ordinary Euclidean space is only one possibility for development of geometry. A broad vision of

the subject of geometry was then expressed by Riemann in his inauguration lecture ber die

Hypothesen, welche der Geometrie zu Grunde liegen (On the hypotheses on which geometry is

based), published only after his death. Riemann's new idea of space proved crucial in Einstein's

general relativity theory and Riemannian geometry, which considers very general spaces in

which the notion of length is defined, is a mainstay of modern geometry.

7. Symmetry

The theme of symmetry in geometry is nearly as old as the science of geometry itself. The circle,

regular polygons and platonic solids held deep significance for many ancient philosophers and

were investigated in detail by the time of Euclid. Symmetric patterns occur in nature and were

artistically rendered in a multitude of forms, including the bewildering graphics of M. C. Escher.

Nonetheless, it was not until the second half of nineteenth century that the unifying role of

symmetry in foundations of geometry had been recognized. Felix Klein's Erlangen program

proclaimed that, in a very precise sense, symmetry, expressed via the notion of a transformation

group, determines what geometry is. Symmetry in classical Euclidean geometry is represented by

congruences and rigid motions, whereas in projective geometry an analogous role is played by

collineations, geometric transformations that take straight lines into straight lines. However it

was in the new geometries of Bolyai and Lobachevsky, Riemann, Clifford and Klein, and

Sophus Lie that Klein's idea to 'define a geometry via its symmetry group' proved most

influential. Both discrete and continuous symmetries play prominent role in geometry, the former

in topology and geometric group theory, the latter in Lie theory and Riemannian geometry.
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8. Modern geometry

Modern geometry is the title of a popular textbook by Dubrovin, Novikov, and Fomenko first

published in 1979 (in Russian). At close to 1000 pages, the book has one major thread: geometric

structures of various types on manifolds and their applications in contemporary theoretical

physics. A quarter century after its publication, differential geometry, algebraic geometry,

symplectic geometry, and Lie theory presented in the book remain among the most visible areas

of modern geometry, with multiple connections with other parts of mathematics and physics.

9. Contemporary geometers

Some of the representative leading figures in modern geometry are Michael Atiyah, Mikhail

Gromov, and William Thurston. The common feature in their work is the use of smooth

manifolds as the basic idea of space; they otherwise have rather different directions and interests.

Geometry now is, in large part, the study of structures on manifolds that have a geometric

meaning, in the sense of the principle of covariance that lies at the root of general relativity

theory in theoretical physics. (See Category:Structures on manifolds for a survey.)

Much of this theory relates to the theory of continuous symmetry, or in other words Lie groups.

From the foundational point of view, on manifolds and their geometrical structures, important is

the concept of pseudogroup, defined formally by Shiing-shen Chern in pursuing ideas introduced

by lie Cartan. A pseudo-group can play the role of a Lie group of 'infinite' dimension.

10. Dimension

Where the traditional geometry allowed dimensions 1 (a line), 2 (a plane) and 3 (our ambient

world conceived of as three-dimensional space), mathematicians have used higher dimensions

for nearly two centuries. Dimension has gone through stages of being any natural number n,

possibly infinite with the introduction of Hilbert space, and any positive real number in fractal

geometry. Dimension theory is a technical area, initially within general topology, that discusses

definitions; in common with most mathematical ideas, dimension is now defined rather than an

intuition. Connected topological manifolds have a well-defined dimension; this is a theorem

(invariance of domain) rather than anything a priori. The issue of dimension still matters to

geometry, in the absence of complete answers to classic questions. Dimensions 3 of space and 4
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of space-time are special cases in geometric topology. Dimension 10 or 11 is a key number in

string theory. Exactly why is something to which research may bring a satisfactory geometric

answer.

11. Contemporary Euclidean geometry

The study of traditional Euclidean geometry is by no means dead. It is now typically presented as

the geometry of Euclidean spaces of any dimension, and of the Euclidean group of rigid motions.

The fundamental formulae of geometry, such as the Pythagorean theorem, can be presented in

this way for a general inner product space. Euclidean geometry has become closely connected

with computational geometry, computer graphics, convex geometry, discrete geometry, and

some areas of combinatorics. Momentum was given to further work on Euclidean geometry and

the Euclidean groups by crystallography and the work of H. S. M. Coxeter, and can be seen in

theories of Coxeter groups and polytopes. Geometric group theory is an expanding area of the

theory of more general discrete groups, drawing on geometric models and algebraic techniques.

12. Algebraic geometry

The field of algebraic geometry is the modern incarnation of the Cartesian geometry of co-

ordinates. After a turbulent period of axiomatization, its foundations are in the twenty-first

century on a stable basis. Either one studies the 'classical' case where the spaces are complex

manifolds that can be described by algebraic equations; or the scheme theory provides a

technically sophisticated theory based on general commutative rings. The geometric style which

was traditionally called the Italian school is now known as birational geometry. It has made

progress in the fields of threefolds, singularity theory and moduli spaces, as well as recovering

and correcting the bulk of the older results. Objects from algebraic geometry are now commonly

applied in string theory, as well as diophantine geometry. Methods of algebraic geometry rely

heavily on sheaf theory and other parts of homological algebra. The Hodge conjecture is an open

problem that has gradually taken its place as one of the major questions for mathematicians. For

practical applications, Grbner basis theory and real algebraic geometry are major subfields.

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

56
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



13. Differential geometry

Differential geometry, which in simple terms is the geometry of curvature, has been of increasing

importance to mathematical physics since the suggestion that space is not flat space.

Contemporary differential geometry is intrinsic, meaning that space is a manifold and structure is

given by a Riemannian metric, or analogue, locally determining a geometry that is variable from

point to point. This approach contrasts with the extrinsic point of view, where curvature means

the way a space bends within a larger space. The idea of 'larger' spaces is discarded, and instead

manifolds carry vector bundles. Fundamental to this approach is the connection between

curvature and characteristic classes, as exemplified by the generalized Gauss-Bonnet theorem.

14. Topology and geometry

The field of topology, which saw massive development in the 20th century, is in a technical

sense a type of transformation geometry, in which transformations are homeomorphisms. This

has often been expressed in the form of the dictum 'topology is rubber-sheet geometry'.

Contemporary geometric topology and differential topology, and particular subfields such as

Morse theory, would be counted by most mathematicians as part of geometry. Algebraic

topology and general topology have gone their own ways.

15. Axiomatic and open development

The model of Euclid's Elements, a connected development of geometry as an axiomatic system,

is in a tension with Ren Descartes's reduction of geometry to algebra by means of a coordinate

system. There were many champions of synthetic geometry, Euclid-style development of

projective geometry, in the nineteenth century, Jakob Steiner being a particularly brilliant figure.

In contrast to such approaches to geometry as a closed system, culminating in Hilbert's axioms

and regarded as of important pedagogic value, most contemporary geometry is a matter of style.

Computational synthetic geometry is now a branch of computer algebra. The Cartesian approach

currently predominates, with geometric questions being tackled by tools from other parts of

mathematics, and geometric theories being quite open and integrated. This is to be seen in the

context of the axiomatization of the whole of pure mathematics, which went on in the period
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c.1900c.1950: in principle all methods are on a common axiomatic footing. This reductive

approach has had several effects. There is a taxonomic trend, which following Klein and his

Erlangen program (a taxonomy based on the subgroup concept) arranges theories according to

generalization and specialization. For example affine geometry is more general than Euclidean

geometry, and more special than projective geometry. The whole theory of classical groups

thereby becomes an aspect of geometry. Their invariant theory, at one point in the nineteenth

century taken to be the prospective master geometric theory, is just one aspect of the general

representation theory of algebraic groups and Lie groups. Using finite fields, the classical groups

give rise to finite groups, intensively studied in relation to the finite simple groups; and

associated finite geometry, which has both combinatorial (synthetic) and algebro-geometric

(Cartesian) sides.

An example from recent decades is the twistor theory of Roger Penrose, initially an intuitive and

synthetic theory, then subsequently shown to be an aspect of sheaf theory on complex manifolds.

In contrast, the non-commutative geometry of Alain Connes is a conscious use of geometric

language to express phenomena of the theory of von Neumann algebras, and to extend geometry

into the domain of ring theory where the commutative law of multiplication is not assumed.

Another consequence of the contemporary approach, attributable in large measure to the

Procrustean bed represented by Bourbakiste axiomatization trying to complete the work of David

Hilbert, is to create winners and losers. The Ausdehnungslehre (calculus of extension) of

Hermann Grassmann was for many years a mathematical backwater, competing in three

dimensions against other popular theories in the area of mathematical physics such as those

derived from quaternions. In the shape of general exterior algebra, it became a beneficiary of the

Bourbaki presentation of multilinear algebra, and from 1950 onwards has been ubiquitous. In

much the same way, Clifford algebra became popular, helped by a 1957 book Geometric Algebra

by Emil Artin. The history of 'lost' geometric methods, for example infinitely near points, which

were dropped since they did not well fit into the pure mathematical world post-Principia

Mathematica, is yet unwritten. The situation is analogous to the expulsion of infinitesimals from

differential calculus. As in that case, the concepts may be recovered by fresh approaches and

definitions. Those may not be unique: synthetic differential geometry is an approach to
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infinitesimals from the side of categorical logic, as non-standard analysis is by means of model

theory.

Topic Objective:

At the end of the topic the students will be able to:

 Learn about common Example of Auxiliary View

 Comprehend Cross section

 Learn about Graphical projection

Definition/Overview:

An auxiliary view is an angle at which one can view an object that is not one of the primary

views for an Orthographic projection. An auxiliary view is a view at an angle used to give deeper

insight into the actual shape of the object.

Key Points:

1. Example of Auxiliary View

An auxiliary view is an angle at which one can view an object that is not one of the primary

views for an Orthographic projection[1]. An auxiliary view is a view at an angle used to give

deeper insight into the actual shape of the object.
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2. Cross section

In geometry, a cross-section is the intersection of a body in 2-dimensional space with a line, or of

a body in 3-dimensional space with a plane, etc. More plainly, when cutting an object into slices

one gets many parallel cross-sections. A cross-section, or section is also an orthographic

projection of a 3-dimensional object from the position of a plane through the object. A floor plan

is a section viewed from the top. In such views, the portion of the object in front of the plane is

omitted to reveal what lies beyond. In the case of a floor plan, the roof and upper portion of the

walls may be omitted.

Elevations or roof plans are orthographic projections, but they are not sections as their viewing

plane is outside of the object. With computed axial tomography, computers construct cross-

sections from x-ray data. A cross-section is a common method of depicting the internal

arrangement of a 3-dimensional object in two dimensions. It is often used in technical drawing

and is traditionally crosshatched. The style of crosshatching indicates the type of material the

section passes through.

3. Graphical projection

Graphical projection is a protocol by which an image of an imaginary three-dimensional object is

projected onto a planar surface without the aid of mathematical calculation. The projection is

achieved by the use of imaginary "projectors". The projected, mental image becomes the

technicians vision of the desired, finished picture. By following the protocol the technician may

produce the envisioned picture on a planar surface such as drawing paper. The protocols provide

a uniform imaging procedure among people trained in technical graphics (mechanical drawing,

computer aided design, etc.).
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Topic Objective:

At the end of the topic the students will be able to:

 Learn Different Mods of Display Resolution

 Comprehend Evolution of standards

Definition/Overview:

Display Resolution: The display resolution of a digital television or computer display typically

refers to the number of distinct pixels in each dimension that can be displayed. It can be an

ambiguous term especially as the displayed resolution is controlled by all different factors in

cathode ray tube (CRT) and flat panel or projection displays using fixed picture-element (pixel)

arrays.

Key Points:

1. Different Mods of Display Resolution

One use of the term "display resolution" applies to fixed-pixel-array displays such as plasma

display panels (PDPs), liquid crystal displays (LCDs), digital light processing (DLP) projectors,

or similar technologies, and is simply the physical number of columns and rows of pixels

creating the display (e.g., 12801024). A consequence of having a fixed grid display is that for

multiformat video inputs all displays need a "scaling-engine" (a digital video processor that

includes a memory array) to match the incoming picture format to the display. Note that the use

of the word resolution here is misleading. The term "display resolution" is usually used to mean

pixel dimensions (e.g., 12801024), which does not tell anything about the resolution of the

display on which the image is actually formed (which would typically be given in pixels per inch

(digital) or number of lines measured horizontally, per picture height (analog)).
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Some commentators also use this term to indicate a range of input formats that the display's input

electronics will accept and often include formats greater than the screen's native grid size even

though they have to be down-scaled to match the screen's parameters (e.g., accepting a 19201080

input on a display with a native 1366768 pixel array). In the case of television inputs, many

manufacturers will take the input and zoom it out to "overscan" the display by as much as 5% so

input resolution is not necessarily display resolution. The eye's perception of "display resolution"

can be affected by a number of factorssee Image resolution and Optical resolution. One factor is

the display screen's rectangular shape, which is expressed as the ratio of the physical picture

width to the picture height. This is known as the aspect ratio. A screen's physical aspect ratio and

the individual pixels' aspect ratio may not necessarily be the same. An array of 1280720 on a

16:9 display has square pixels. An array of 1024768 on a 16:9 display has rectangular pixels. An

example of pixel shape affecting "resolution" or perceived sharpness: displaying more

information in a smaller area using a higher resolution makes the image much clearer. However,

newer LCD displays and such are fixed at a certain resolution; making the resolution lower on

these kinds of screens will greatly decrease sharpness, as an interpolation process is used to "fix"

the non-native resolution input into the displays native resolution output. While some CRT-based

displays may use digital video processing that involves image scaling using memory arrays,

ultimately "display resolution" in CRT-type displays is affected by different parameters such as

spot size and focus, astigmatic effects in the display corners, the color phosphor pitch shadow

mask (such as Trinitron) in color displays, and the video bandwidth.

2. Evolution of standards

Many personal computers introduced in the late 1970s and the 1980s were designed to use

television sets as their display devices, making the resolutions dependent on the television

standards in use, including PAL and NTSC. Picture sizes were usually limited in order to ensure

the visibility of all the pixels in the major television standards and the broad range of television

sets with varying amounts of overscan. The actual drawable picture area was therefore somewhat

smaller than the whole screen, and was usually surrounded by a static-colored border (see image

to right). Also, the interlace scanning was usually omitted in order to provide more stability to

the picture, effectively halving the vertical resolution in progress. 160200, 320200 and 640200
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on NTSC were relatively common resolutions in the era (224, 240 or 256 scanlines were also

common). In the IBM PC world, these resolutions came to be used by 16-color CGA video

cards.

One of the drawbacks of using a classic television is that the computer display resolution is

higher than the TV could decode. Chroma resolution for NTSC/PAL televisions are bandwidth-

limited to a maximum 1.5 megahertz, or approximately 160 pixels wide, which led to blurring of

the color for 320 or 640-wide signals, and made text difficult to read (see second image to right).

Many users upgraded to higher-quality televisions with S-Video or RGBI inputs that helped

eliminate chroma blur & produce more legible displays. The earliest, lowest cost solution to the

chroma problem was offered in the Atari 2600 Video Computer System and the Apple II+, both

of which offered the option to disable the color and view a legacy black-and-white signal. On the

Commodore 64, the GEOS mirrored the Macintosh OS method of using black-and-white to

improve readability.

The 640400i resolution (720x480i with borders disabled) was first introduced by home

computers such as the Commodore Amiga and (later) Atari Falcon. These computers used

interlace to boost the maximum vertical resolution. These modes were only suited to graphics or

gaming, as the flickering interlace made reading text in word processor, database, or spreadsheet
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software difficult. (Modern game consoles solve this problem by pre-filtering the 480i video to a

lower resolution. For example Final Fantasy XII suffers from flicker when the filter is turned off,

but stabilizes once filtering is restored. The computers of the 1980s lacked sufficient power to

run similar filtering software.)

The advantage of a 720480i overscanned computer was an easy interface with interlaced TV

production, leading to the development of Newtek's Video Toaster. This device allowed Amigas

to be used for CGI creation in various news departments (example: weather overlays), drama

programs such as NBC's seaQuest, WB's Babylon 5, and early computer-generated animation by

Disney for the Little Mermaid, Beauty and the Beast, and Aladdin. In the PC world, the IBM

PS/2 VGA and MCGA (multi-color) on-board graphics chips used a non-interlaced (progressive)

640480x16 color resolution that was easier to read and thus more-useful for office work. It was

the standard resolution from 1990 to around 1996. The standard resolution was 800600 until

around 2000. Today most web browsers are set to 1280x1024.[citation needed] Microsoft Windows

XP is designed to run at 800600 minimum although it is possible to select the original 640480 in

the Advanced Settings Window. Linux, FreeBSD, and most Unix variants use the X Window

System and can run at any desired resolution as long as the display and video card support it.

Programs designed to mimic older hardware such as Atari, Sega, or Nintendo game consoles

(emulators) when attached to multiscan CRTs, routinely use much lower resolutions such as

160x200 or 320x400 for greater authenticity.
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Topic Objective:

At the end of the topic the students will be able to:

 Learn about History of Manufacturing Process

 Comprehend Modern tools of Manufacturing

Definition/Overview:

Mechanical engineering is an engineering discipline that involves the application of principles of

physics for analysis, design, manufacturing, and maintenance of mechanical systems. It requires

a solid understanding of core concepts including mechanics, kinematics, thermodynamics and

energy. Mechanical engineers use the core principles as well as other knowledge in the field to

design and analyze motor vehicles, aircraft, heating and cooling systems, watercraft,

manufacturing plants, industrial equipment and machinery, robotics, medical devices and more.

Key Points:

1. History of Manufacturing Process

During the early 19th century in England and Scotland, the development of machine tools led

mechanical engineering to develop as a separate field within engineering, providing

manufacturing machines and the engines to power them. The first British professional society of

mechanical engineers was formed in 1847, thirty years after civil engineers formed the first such

professional society. In the United States, the American Society of Mechanical Engineers

(ASME) was formed in 1880, becoming the third such professional engineering society, after the

American Society of Civil Engineers (1852) and the American Institute of Mining Engineers

(1871). The first schools in the United States to offer an engineering education were the United
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States Military Academy in 1817, an institution now known as Norwich University in 1819, and

Rensselaer Polytechnic Institute in 1825. Education in mechanical engineering has historically

been based on a strong foundation in mathematics and science. Canadian engineers make an

average of $29.83 per hour with 4% unemployed. The average for all occupations is $18.07 per

hour with 7% unemployed. Twelve percent of these engineers are self-employed, and since 1997

the proportion of female engineers has risen to 6%.

2. Modern tools

Many mechanical engineering companies, especially those in industrialized nations, have begun

to incorporate computer-aided engineering (CAE) programs into their existing design and

analysis processes, including 2D and 3D computer-aided design (CAD). This method has many

benefits, including easier and more exhaustive visualization of products, the ability to create

virtual assemblies of parts, and the ease of use in designing mating interfaces and tolerances.

Other CAE programs commonly used by mechanical engineers include product lifecycle

management (PLM) tools and analysis tools used to perform complex simulations. Analysis tools

may be used to predict product response to expected loads, including fatigue life and

manufacturability. These tools include finite element analysis (FEA), computational fluid

dynamics (CFD), and computer-aided manufacturing (CAM).

In Section 4 of this course you will cover these topics:

Dimensioning

Tolerancing

Threads, Fasteners, And Springs

Design And Working Drawings
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Topic Objective:

At the end of the topic the students will be able to:

 Learn about Geometric Dimensioning

 Understand Dimensioning and tolerancing philosophy

 Develop learning regarding Symbols used for Geometric dimensioning

 Identify GD&T data exchange

Definition/Overview:

Geometric dimensioning: Geometric dimensioning and tolerancing (GD&T) is a symbolic

language used on engineering drawings and computer generated three-dimensional solid models

for explicitly describing nominal geometry and its allowable variation.

Key Points:

1. Geometric Dimensioning

Geometric dimensioning and tolerancing (GD&T) is used to define the nominal geometry of

parts and assemblies, to define the allowable variation in form and possibly size of individual

features, and to define the allowable variation between features. Dimensioning and tolerancing

and geometric dimensioning and tolerancing specifications are used as follows:

 Dimensioning specifications define the nominal, as-modeled or as-intended geometry. One

example is a Basic Dimension.

 Tolerancing specifications define the allowable variation for the form and possibly the size of

individual features, and the allowable variation in orientation and location between features. Two

examples are Linear Dimensions and Feature Control Frames using a datum reference (both

shown above).
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There are several standards available world-wide that describe the symbols and define the rules

used in GD&T. One such standard is American Society of Mechanical Engineers (ASME)

Y14.5M-1994. This article is based on that standard, but other standards, such as those from the

International Organization for Standardization (ISO), may vary slightly. The Y14.5M standard

has the advantage of providing a fairly complete set of standards for GD&T in one document.

The ISO standards, in comparison, typically only address a single topic at a time. There are

separate standards that provide the details for each of the major symbols and topics below (i.e

position, flatness, profile, etc)

2. Dimensioning and tolerancing philosophy

According to the ASME Y14.5M-1994 standard, the purpose of geometric dimensioning and

tolerancing (GD&T) is to describe the engineering intent of parts and assemblies. This is not a

completely correct explanation of the purpose of GD&T or dimensioning and tolerancing in

general. The purpose of GD&T is more accurately defined as describing the geometric

requirements for part and assembly geometry. Proper application of GD&T will ensure that the

allowable part and assembly geometry defined on the drawing leads to parts that have the desired

form and fit (within limits) and function as intended.

There are some fundamental rules that need to be applied (these can be found on page 4 of the

1994 edition of the standard):

 All dimensions must have a tolerance. Every feature on every manufactured part is subject to

variation, therefore, the limits of allowable variation must be specified. Plus and minus

tolerances may be applied directly to dimensions or applied from a general tolerance block or

general note. For basic dimensions, geometric tolerances are indirectly applied in a related

Feature Control Frame. The only exceptions are for dimensions marked as minimum, maximum,

stock or reference.

 Dimensioning and tolerancing shall completely define the nominal geometry and allowable

variation. Measurement and scaling of the drawing is not allowed except in certain cases.

 Engineering drawings define the requirements of finished (complete) parts. Every dimension and

tolerance required to define the finished part shall be shown on the drawing. If additional

dimensions would be helpful, but are not required, they may be marked as reference.
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 Dimensions should be applied to features and arranged in such a way as to represent the function

of the features.

 Descriptions of manufacturing methods should be avoided. The geometry should be described

without explicitly defining the method of manufacture.

 If certain sizes are required during manufacturing but are not required in the final geometry (due

to shrinkage or other causes) they should be marked as non-mandatory.

 All dimensioning and tolerancing should be arranged for maximum readability and should be

applied to visible lines in true profiles.

 When geometry is normally controlled by gage sizes or by code (e.g. stock materials), the

dimension(s) shall be included with the gage or code number in parentheses following or below

the dimension.

 Angles of 90 are assumed when lines (including center lines) are shown at right angles, but no

angular dimension is explicitly shown. (This also applies to other orthogonal angles of 0, 180,

270, etc.)

 Dimensions and tolerances are valid at 20 C unless stated otherwise.

 Unless explicitly stated, all dimensions and tolerances are valid when the item is in a free state.

 Dimensions and tolerances apply to the full length, width, and depth of a feature.

 Dimensions and tolerances only apply at the level of the drawing where they are specified. It is

not mandatory that they apply at other drawing levels, unless the specifications are repeated on

the higher level drawing(s).

Symbol Description Geometry

ANGULARITY ORIENTATION

CONCENTRICITY LOCATION

CYLINDRICITY FORM
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FLATNESS FORM

PARALLELISM ORIENTATION

PERPENDICULARITY ORIENTATION

POSITION LOCATION

PROFILE PROFILE

PROFILE OF A LINE PROFILE

CIRCULARITY FORM

RUNOUT RUNOUT

STRAIGHTNESS FORM

SYMMETRY LOCATION

TOTAL RUNOUT RUNOUT

Symbol Modifier

FREE STATE

LEAST MATERIAL CONDITION

MAXIMUM MATERIAL CONDITION

PROJECTED TOLERANCE ZONE

REGARDLESS OF FEATURE SIZE
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TANGENT PLANE

UNILATERAL

[Figure 1: Symbols used for Geometric]

3. Symbols used for Geometric dimensioning

 The |(U)| symbol is not part of the 1994 version. It is in "Y14.41-" and may appear in a future

version of Y14.5. It refers to unequal profile distribution.

 |(S)| is not part of the 1994 version. See para. A5, bullet 3. Also para. D3. Also, Figure 3-8.

 These symbols are used in a feature control frame to specify a feature's description, tolerance,

modifier and datum references.

4. GD&T data exchange

Exchange of geometric dimensioning and tolerancing (GD&T) information between CAD

systems is available on different levels of fidelity for different purposes:

 In the early days of CAD exchange only lines, texts and symbols were written into the exchange

file. A receiving system could only display them on the screen or print them out, but only a

human could intepret them.

 GD&T presentation: On a next higher level the presentation information is enhanced by

grouping them together into callouts for a particular purpose, e.g. a datum feature callout and a

datum reference frame. And there is also the information which of the curves in the exchange file

are leader, projection or dimension curves and which are used to form the shape of a product.

 GD&T representation: Unlike GD&T presentation, the GD&T representation does not deal with

how the information is presented to the user but only deal with which element of a shape of a

product has which GD&T characteristic. A system supporting GD&T representation may display

the GD&T information in some tree and other dialogs and allow the user to directly select and

highlight the corresponding feature on the shape of the product, 2D and 3D.

 Ideally both GD&T presentation and representation are available in the exchange file and are

associated with each other. Then a receiving system can allow a user to select a GD&T callout

and get the corresponding feature highlighted on the shape of the product.
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 An enhancement of GD&T representation is defining a formal language for GD&T (similar like

a programming language) which also has build in rules and restrictions for the proper GD&T

usage. This is still a research area (see below reference to McCaleb and ISO 10303-1666).

 GD&T validation: Based on GD&T representation data (but not on GD&T presentation) and the

shape of a product in some useful format (e.g. a Boundary representation), it is possible to

validate the completeness and consistency of the GD&T information. The software tool FBTol

from the Kansas City Plant is probably the first one in this area.

 GD&T representation information can also be used for the software assisted manufacturing

planning and cost calculation of parts. See ISO 10303-224 and 238 below.

Topic Objective:

At the end of the topic the students will be able to:

 Understand the notion of Tolerances

 Learn about electrical component tolerance

 Develop learning regarding Considerations when setting tolerances

 Identify an alternative view of tolerances

Definition/Overview:

Engineering Tolerance: Engineering tolerance is the permissible limit of variation in a physical

dimension, a measured value or physical property of a material, manufactured object, system, or

service, and other measured values (such as temperature, humidity, etc). Dimensions, properties,

or conditions may vary within certain practical limits without significantly affecting functioning

of equipment or a process. Tolerances are specified to allow reasonable leeway for imperfections

and inherent variability without compromising performance.
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Key Points:

1. Tolerances

The tolerance may be specified as a factor or percentage of the nominal value, a maximum

deviation from a nominal value, an explicit range of allowed values, be specified by a note or

published standard with this information, or be implied by the numeric accuracy of the nominal

value. Tolerance can be symmetrical, as in 400.1, or asymmetrical, such as 40+0.2/−0.1. It is

often desirable to specify the largest possible tolerance while maintaining proper functionality.

Closer or tighter tolerances are more difficult, and hence costly, to achieve. Conversely, larger or

looser tolerances may significantly affect the operation of the device. Tolerance is different from

safety factor, but an adequate safety factor will take into account relevant tolerances as well as

other possible variations. Mechanical component tolerance Dimensional tolerance is related to,

but different from fit in mechanical engineering, which is a designed-in clearance or interference

between two parts. For example, if a shaft (or bolt) with a nominal diameter of 10 mm is to have

a sliding fit within a hole, the shaft might be specified with a tolerance range from 9.964 to 10

mm and the hole might be specified with a tolerance range from 10.04 mm to 10.076 mm. This

would provide a clearance fit of somewhere between 0.04 mm (largest shaft paired with the

smallest hole) and 0.112 mm (smallest shaft paired with the largest hole). In this case the size of

the tolerance range for both the shaft and hole is chosen to be the same (0.036 mm), but this need

not be the case in general.

When designing mechanical components, standardized tolerances are often used. The standard

(size) tolerances are divided into two categories: hole and shaft. They are labeled with a letter

(capitals for holes and lowercase for shafts) and a number. For example: H7 (hole tapped hole or

nut) and h7 (shaft or bolt). H7/h6 is a very common standard tolerance which gives a rather tight

fit, but not so tight that you can't put the shaft in the hole, or turn the nut on the bolt, by hand.

The tolerances work in such a way that for a hole H7 means that the hole should be made slightly

larger than the base dimension (in this case for an ISO fit 10+0.015-0, meaning that it may be up

to 0.015 mm larger than the base dimension, and 0mm smaller). The actual amount
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bigger/smaller depends on the base dimension. For a shaft of the same size h6 would mean 10+0-

0.009, which is the opposite of H7. This method of standard tolerances is also known as Limits

and Fits and can be found in ISO 286-2 (Link to ISO catalog).

The table below summarises the International Tolerance (IT) grades and the general applications

of these grades:

Measuring Tools Material

IT Grade 01 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fits
Large Manufacturing

Tolerances

[Table 1: An analysis of fit by Statistical interference is also extremely useful: It indicates

the frequency (or probability) of parts properly fitting together]

2. Electrical component tolerance

An electrical specification might call for a resistor with a nominal value of 100 Ω (ohms), but

will also state a tolerance such as "1%". This means that any resistor with a value in the range 99

Ω to 101 Ω is acceptable. For critical components, one might specify that the actual resistance

must remain within tolerance within a specified temperature range, over a specified lifetime, and

so on. Many commercially available resistors and capacitors of standard types, and some small

inductors, are often marked with coloured bands to indicate their value and the tolerance. High-

precision components of non-standard values may have numerical information printed on them.

3. Considerations when setting tolerances

A primary concern is to determine how wide the tolerances may be without affecting other

factors or the outcome of a process. This can be by the use of scientific principles, engineering

knowledge, and professional experience. Experimental investigation is very useful to investigate

the effects of tolerances: Design of experiments, formal engineering evaluations, etc. A good set
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of engineering tolerances in a specification, by itself, does not imply that compliance with those

tolerances will be achieved. Actual production of any product (or operation of any system)

involves some inherent variation of input and output. Measurement error and statistical

uncertainty are also present in all measurements. With a normal distribution, the tails of

measured values may extend well beyond plus and minus three standard deviations from the

process average. One, or both, tails might extend beyond the specified tolerance.

The process capability of systems, materials, and products needs to be compatible with the

specified engineering tolerances. Process controls must be in place and an effective Quality

management system, such as Total Quality Management, needs to keep actual production within

the desired tolerances. A process capability index is used to indicate the relationship between

tolerances and actual measured production. The choice of tolerances is also affected by the

intended statistical sampling plan and its characteristics such as the Acceptable Quality Level.

This relates to the question of whether tolerances must be extremely rigid (high confidence in

100% conformance) or whether some small percentage of being out-of-tolerance may sometimes

be acceptable.

4. An alternative view of tolerances

Some people (Genichi Taguchi, and others), suggest that traditional two-sided tolerances are

analogous to "goal posts" in a football game: It implies that all data within those tolerances are

equally acceptable. The alternative is that best product has a measurement which is precisely on

target. There is an increasing loss which is a function of the deviation or variability from the

target value of any design parameter. The greater the deviation from target, the greater is the

loss. This is described as the "Taguchi loss function" or "quality loss function".
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Topic Objective:

At the end of the topic the students will be able to:

 Learn Dealing with Thread, Spring and Fastens

 Understand some Types of Woodworking Joints

Definition/Overview:

Overview: In geometry, a spring is a surface of revolution in the shape of a helix with thickness,

generated by revolving a circle about the path of a helix. The torus is a special case of the spring

obtained when the helix is crushed to a circle. A fastener is a hardware device that mechanically

joins or affixes two or more objects together.

Key Points:

1. Dealing with Thread, Spring and Fastens

A spring wrapped around the z-axis can be defined parametrically by:

where

is the distance from the center of the tube to the center of the helix,
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is the radius of the tube,

is the speed of the movement along the z axis (in a right-handed Cartesian coordinate

system, positive values create right-handed springs, whereas negative values create left-

handed springs)

The implicit function in Cartesian coordinates for a spring wrapped around the z-axis, with n = 1

is

The interior volume of the spiral is given by

Note that the previous definition uses a vertical circular cross section. This is not entirely

accurate as the tube becomes increasingly distorted as the Torsion increases (ratio of the speed

and the incline of the tube). An alternative would be to have a circular cross section in the

plane spanned by the normal and binormal of the curve. This would be closer to the shape of a

physical spring. The mathematics involved would however be much more involved. Fasteners

can also be used to close a container such as a bag, a box, or an envelope; or they may involve

keeping together the sides of an opening of flexible material, attaching a lid to a container, etc.

There are also special purpose closing devices, e.g. a bread clip. Fasteners used in these manners

are often temporary, in that they may be fastened and unfastened repeatedly.

2. Some Types of Woodworking Joints

Some types of woodworking joints make use of separate internal reinforcements, such as dowels

or biscuits, which in a sense can be considered fasteners within the scope of the joint system,

although on their own they are not general purpose fasteners. Furniture supplied in flat-pack
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form often uses cam dowels locked by cam locks, also known as conformat fasteners. Items like

a rope, string, wire (e.g. metal wire, possibly coated with plastic, or multiple parallel wires kept

together by a plastic strip coating), cable, chain, or plastic wrap may be used to mechanically

join objects; but are not generally categorized as fasteners because they have additional common

uses. Likewise hinges and springs may join objects together, but are ordinarily not considered a

fasteners because their primary purpose is to allow articulation rather than rigid affixment. Other

alternative methods of joining materials include crimping, welding, soldering, brazing, taping,

gluing, cementing, or the use of other adhesives. The use of force may also be used, such as with

magnets, vacuum (like suction cups), or even friction.

Topic Objective:

At the end of the topic the students will be able to:

 Learn to Deal with Plans

 Understand the process of producing plans

 Comprehend the notion of Site, Floor, Sub-floor Plan

 Understand the philosophies and studies of design

 Develop learning regarding relations of Design and engineering

 Learn about Design Process

Definition/Overview:

Design: Design, usually considered in the context of applied arts, engineering, architecture, and

other creative endeavors, is used both as a noun and a verb. As a verb, "to design" refers to the

form often uses cam dowels locked by cam locks, also known as conformat fasteners. Items like

a rope, string, wire (e.g. metal wire, possibly coated with plastic, or multiple parallel wires kept

together by a plastic strip coating), cable, chain, or plastic wrap may be used to mechanically

join objects; but are not generally categorized as fasteners because they have additional common

uses. Likewise hinges and springs may join objects together, but are ordinarily not considered a

fasteners because their primary purpose is to allow articulation rather than rigid affixment. Other

alternative methods of joining materials include crimping, welding, soldering, brazing, taping,

gluing, cementing, or the use of other adhesives. The use of force may also be used, such as with

magnets, vacuum (like suction cups), or even friction.
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 Learn to Deal with Plans

 Understand the process of producing plans

 Comprehend the notion of Site, Floor, Sub-floor Plan

 Understand the philosophies and studies of design

 Develop learning regarding relations of Design and engineering

 Learn about Design Process

Definition/Overview:

Design: Design, usually considered in the context of applied arts, engineering, architecture, and

other creative endeavors, is used both as a noun and a verb. As a verb, "to design" refers to the

form often uses cam dowels locked by cam locks, also known as conformat fasteners. Items like

a rope, string, wire (e.g. metal wire, possibly coated with plastic, or multiple parallel wires kept

together by a plastic strip coating), cable, chain, or plastic wrap may be used to mechanically

join objects; but are not generally categorized as fasteners because they have additional common

uses. Likewise hinges and springs may join objects together, but are ordinarily not considered a

fasteners because their primary purpose is to allow articulation rather than rigid affixment. Other

alternative methods of joining materials include crimping, welding, soldering, brazing, taping,

gluing, cementing, or the use of other adhesives. The use of force may also be used, such as with

magnets, vacuum (like suction cups), or even friction.

Topic Objective:

At the end of the topic the students will be able to:

 Learn to Deal with Plans

 Understand the process of producing plans

 Comprehend the notion of Site, Floor, Sub-floor Plan

 Understand the philosophies and studies of design

 Develop learning regarding relations of Design and engineering

 Learn about Design Process

Definition/Overview:

Design: Design, usually considered in the context of applied arts, engineering, architecture, and

other creative endeavors, is used both as a noun and a verb. As a verb, "to design" refers to the
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process of originating and developing a plan for a product, structure, system, or component. As a

noun, "a design" is used for either the final (solution) plan (e.g. proposal, drawing, model,

description) or the result of implementing that plan (e.g. object produced, result of the process).

More recently, processes (in general) have also been treated as products of design, giving new

meaning to the term "process design".

Key Points:

1. Dealing with Plans

Plans are a set of two-dimensional diagrams or drawings used to describe a place or object, or to

communicate building or fabrication instructions. Usually plans are drawn or printed on paper,

but they can take the form of a digital file. Plans are often for technical purposes such as

architecture, engineering, or planning. Their purpose in these disciplines is to accurately and

unambiguously capture all the geometric features of a site, building, product or component. Plans

can also be for presentation or orientation purposes, and as such are often less detailed versions

of the former. The end goal of plans is either to portray an existing place or object, or to convey

enough information to allow a builder or manufacturer to realize a design.

The term plan may casually be used to refer to a single view, sheet, or drawing in a set of plans.

More accurately, plan refers to an orthographic projection looking down on the object, such as in

a plan view, floor plan or bird's-eye view.

2. The process of producing plans, and the skill of producing them, is often referred to as

technical drawing

Plans are often prepared in a set. The set includes all the information required for the purpose of

the set, and may exclude views or projections which are unneccessary. A set of plans can be on

standard office-sized paper or on large sheets. It can be stapled, folded or rolled as required. A

set of plans can also take the form of a digital file in a proprietary format such as DWG or an

exchange file format such as DXF or PDF. Plans are often referred to as "blueprints" or

"bluelines". However, the terms are rapidly becoming an anachronism, since most copies of

plans that were formerly made using a chemical-printing process that yielded graphics on blue-
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colored paper or, alternatively, of blue-lines on white paper, have been superseded by more

modern reproduction processes that yield black or multicolour lines on white paper.

2.1 Scale

Plans are usually scale drawings, meaning that the plans are drawn at specific ratio

relative to the actual size of the place or object. Various scales may be used for different

drawings in a set. For example, a floor plan may be drawn at 1:50 (or 1/4"=1'-0") whereas

a detailed view may be drawn at 1:25 (or 1/2"=1'-0"). Site plans are often drawn at 1:200

or 1:100.

Further information: Architect's scale and Engineer's scale

2.2 Views and projections

Because plans represent three-dimensional objects on a two-dimentional plane, the use of

views or projections is crucial to the legibility of plans. Each projection is achieved by

assuming a vantage point from which to see the place or object, and a type of projection.

These projection types are:

 Orthographic projection, including:

o Plan view or floor plan view

o Elevation, usually a 'head-on' view of an exterior

o Section, a cutaway view of the interior

o Axonometric projection, including:

 Isometric projection

 Dimetric projection

 Trimetric projection

 Oblique projection, and

 Perspective projection
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3. Site plan

Site plans are drawn to show the location of a home on the property in its context. It is an

overhead view of the construction site and the home as it sits in reference to the boundries of the

lot. Site plans should outline location of utility services, setback requirements, easements,

location of driveways and walkways, and sometimes even topographical data that specifies the

slope of the terrain.

4. Floor plan

A floor plan is an overhead view of the completed house. You'll see parallel lines that scale at

whatever width the walls are required to be. Dimensions are usually drawn between the walls to

specify room sizes and wall lengths. Floor plans will also include details of fixtures like sinks,

water heaters, furnaces, etc. Floor plans will include notes to specify finishes, construction

methods, or symbols for electrical items.

5. Sub-floor Plan

The sub-floor plan gives details of how this area will be constructed and how services will be

arranged.

6. Elevations

Elevations are a non-perspective view of the home. These are drawn to scale so that

measurements can be taken for any aspect necessary. Plans include front, rear and both side

elevations. The elevations specify ridge heights, the positioning of the final fall of the land,

exterior finishes, roof pitches and other details that are necessary to give the home its exterior

architectural styling.

7. Section

A section cuts through the dwelling and the location of this 'cut through' is noted on the floor

plan. It describes how the building will be constructed and discusses how the internal finishes are

to look. Sections are used because they explain certain conditions in more detail.
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8. Philosophies and studies of design

There is no universal language or unifying institution for designers of all disciplines. Raised

levels of achievement often lead to raised expectations. In structuration theory, design is both

medium and outcome generating a Janus like face, with every ending marking a new

beginning.There are countless philosophies for guiding design as the design values and its

accompanying aspects within modern design vary, both between different schools of thought and

among practicing designers. Design philosophies are usually for determining design goals. A

design goal may range from solving the least significant individual problem of the smallest

element to the most holistic influential utopian goals. Design goals are usually for guiding

design. However, conflicts over immediate and minor goals may lead to questioning the purpose

of design, perhaps to set better long term or ultimate goals. Philosophies for guiding design A

design philosophy is a guide to help make choices when designing such as ergonomics, costs,

economics, functionality and methods of re-design. An example of a design philosophy is

dynamic change to achieve the elegant or stylish look you need.

9. Approaches to design

A design approach is a general philosophy that may or may not include a guide for specific

methods. Some are to guide the overall goal of the design. Other approaches are to guide the

tendencies of the designer. A combination of approaches may be used if they don't conflict.

Some popular approaches include:

 User-centered design, which focuses on the needs, wants, and limitations of the end user of the

designed artifact.

 Use-centered design, which focuses on the goals and tasks associated with the use of the artifact,

rather than focusing on the end user.

 KISS principle, (Keep it Simple, Stupid), which strives to eliminate unnecessary complications

 There is more than one way to do it (TMTOWTDI), a philosophy to allow multiple methods of

doing the same thing

 Murphy's Law (things will go wrong in any given situation, if you give them a chance)
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10. Philosophies for methods of designing

The Room de Luxe at The Willow Tearooms features furniture and interior design by

Mackintosh and Margaret Macdonald. Design Methods is a broad area that focuses on:

 Exploring possibilities and constraints by focusing critical thinking skills to research and define

problem spaces for existing products or servicesor the creation of new categories;

 Redefining the specifications of design solutions which can lead to better guidelines for

traditional design activities (graphic, industrial, architectural, etc.);

 Managing the process of exploring, defining, creating artifacts continually over time

 Prototyping possible scenarios, or solutions that incrementally or significantly improve the

inherited situation

 Trendspotting; understanding the trend process.

11. Philosophies for the purpose of designs

In philosophy, the abstract noun "design" refers to a pattern with a purpose. Design is thus

contrasted with purposelessness, randomness, or lack of complexity. To study the purpose of

designs, beyond individual goals (e.g. marketing, technology, education, entertainment, hobbies),

is to question the controversial politics, morals, ethics and needs such as Maslow's hierarchy of

needs. "Purpose" may also lead to existential questions such as religious morals and teleology.

These philosophies for the "purpose of" designs are in contrast to philosophies for guiding design

or methodology. Often a designer (especially in commercial situations) is not in a position to

define purpose. Whether a designer is, is not, or should be concerned with purpose or intended

use beyond what they are expressly hired to influence, is debatable, depending on the situation.

Not understanding or disinterest in the wider role of design in society might also be attributed to

the commissioning agent or client, rather than the designer.

12. Design as a process

Design as a process can take many forms depending on the object being designed and the

individual or individuals participating. According to video game developer Dino Dini in a talk

given at the 2005 Game Design and Technology Workshop held by Liverpool JM University,

design underpins every form of creation from objects such as chairs to the way we plan and
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execute our lives. For his reason it is useful to seek out some common structure that can be

applied to any kind of design, whether this be for video games, consumer products or one's own

personal life.

For such an important concept, the question "What is Design?" appears to yield answers with

limited usefulness. Dino Dini states that the design process can be defined as "The management

of constraints". He identifies two kinds of constraint, negotiable and non-negotiable. The first

step in the design process is the identification, classification and selection of constraints. The

process of design then proceeds from here by manipulating design variables so as to satisfy the

non-negotiable constraints and optimizing those which are negotiable. It is possible for a set of

non-negotiable constraints to be in conflict resulting in a design with no solution; in this case the

non-negotiable constraints must be revised. For example, take the design of a chair. A chair must

support a certain weight to be useful, and this is a non-negotiable constraint. The cost of

producing the chair might be another. The choice of materials and the aesthetic qualities of the

chair might be negotiable.

Dino Dini theorizes that poor designs occur as a result of mismanaged constraints, something he

claims can be seen in the way the video game industry makes "Must be Fun" a negotiable

constraint where he believes it should be non-negotiable.

It should be noted that "the management of constraints" may not include the whole of what is

involved in "constraint management" as defined in the context of a broader Theory of

Constraints, depending on the scope of a design or a designer's position. An architect at his

drawing board, 1893. The Peter Arno phrase "Well, back to the old drawing board" makes light

of the fact that designs sometimes fail and redesign is necessary. The phrase has meaning beyond

structural designs and is an idiom when a drawing board is not used in a design. Redesign

Something that is redesigned requires a different process than something that is designed for the

first time. A redesign often includes an evaluation of the existent design and the findings of the

redesign needs are often the ones that drive the redesign process.
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13. Typical steps

A design process may include a series of steps followed by designers. Depending on the product

or service, some of these stages may be irrelevant, ignored in real-world situations in order to

save time, reduce cost, or because they may be redundant in the situation.

Typical stages of the design process include:

 Pre-production design

o Design brief - a statement of design goals

o Analysis - analysis of current design goals

o Research - investigating similar design solutions in the field or related topics

o Specification - specifying requirements of a design solution for a product (product design

specification) or service.

o Problem solving - conceptualizing and documenting design solutions

o Presentation - presenting design solutions

 Design during production

o Development - continuation and improvement of a designed solution

o Testing - in-situ testing a designed solution

 Post-production design feedback for future designs

o Implementation - introducing the designed solution into the environment

o Evaluation and conclusion - summary of process and results, including constructive criticism and

suggestions for future improvements

 Redesign - any or all stages in the design process repeated (with corrections made) at any time

before, during, or after production.

14. Terminology

The word "design" is often considered ambiguous depending on the application. Design is often

viewed as a more rigorous form of art, or art with a clearly defined purpose. The distinction is

usually made when someone other than the artist is defining the purpose. In graphic arts the

distinction is often made between fine art and commercial art. In the realm of the arts, design is
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more relevant to the "applied" arts, such as architecture and product design. In fact today the

term design is widely associated to modern industrial product design as initiated by Raymond

Loewy. Design implies a conscious effort to create something that is both functional and

aesthetically pleasing. For example, a graphic artist may design an advertisement poster. This

person's job is to communicate the advertisement message (functional aspect) and to make it

look good (aesthetically pleasing). The distinction between pure and applied arts is not

completely clear, but one may consider Jackson Pollock's (often criticized as "splatter") paintings

as an example of pure art. One may assume his art does not convey a message based on the

obvious differences between an advertisement poster and the mere possibility of an abstract

message of a Jackson Pollock painting. One may speculate that Pollock, when painting, worked

more intuitively than would a graphic artist, when consciously designing a poster. However,

Mark Getlein suggests the principles of design are "almost instinctive", "built-in", "natural", and

part of "our sense of 'rightness'." Pollock, as a trained artist, may have utilized design whether

conscious or not.

15. Design and engineering

Engineering is often viewed as a more rigorous form of design. Contrary views suggest that

design is a component of engineering aside from production and other operations which utilize

engineering. A neutral view may suggest that both design and engineering simply overlap,

depending on the discipline of design. The American Heritage Dictionary defines design as: "To

conceive or fashion in the mind; invent," and "To formulate a plan", and defines engineering as:

"The application of scientific and mathematical principles to practical ends such as the design,

manufacture, and operation of efficient and economical structures, machines, processes, and

systems." Both are forms of problem-solving with a defined distinction being the application of

"scientific and mathematical principles". How much science is applied in a design is a question

of what is considered "science". Along with the question of what is considered science, there is

social science versus natural science. Scientists at Xerox PARC made the distinction of design

versus engineering at "moving minds" versus "moving molecules".
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16. Design and production

The relationship between design and production is one of planning and executing. In theory, the

plan should anticipate and compensate for potential problems in the execution process. Design

involves problem-solving and creativity. In contrast, production involves a routine or pre-

planned process. A design may also be a mere plan that does not include a production or

engineering process, although a working knowledge of such processes is usually expected of

designers. In some cases, it may be unnecessary and/or impractical to expect a designer with a

broad multidisciplinary knowledge required for such designs to also have a detailed knowledge

of how to produce the product. Design and production are intertwined in many creative

professional careers, meaning problem-solving is part of execution and the reverse. As the cost

of rearrangement increases, the need for separating design from production increases as well. For

example, a high-budget project, such as a skyscraper, requires separating (design) architecture

from (production) construction. A Low-budget project, such as a locally printed office party

invitation flyer, can be rearranged and printed dozens of times at the low cost of a few sheets of

paper, a few drops of ink, and less than one hour's pay of a desktop publisher.

This is not to say that production never involves problem-solving or creativity, nor design always

involves creativity. Designs are rarely perfect and are sometimes repetitive. The imperfection of

a design may task a production position (e.g. production artist, construction worker) with

utilizing creativity or problem-solving skills to compensate for what was overlooked in the

design process. Likewise, a design may be a simple repetition (copy) of a known preexisting

solution, requiring minimal, if any, creativity or problem-solving skills from the designer.

17. Process design

"Process design" (in contrast to "design process") refers to the planning of routine steps of a

process aside from the expected result. Processes (in general) are treated as a product of design,

not the method of design. The term originated with the industrial designing of chemical

processes. With the increasing complexities of the information age, consultants and executives

have found the term useful to describe the design of business processes as well as manufacturing

processes.
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In Section 5 of this course you will cover these topics:

Reproduction And Control Of Drawings

Axonometric Projection

Oblique Projection

Topic Objective:

At the end of the topic the students will be able to:

 Learn about different Architectural Drawings

 Identify Major Analog Processes

 Understand different forms of prints i.e. blueprints, Pellet prints & Van Dyke prints

 Develop learning regarding reformatting

 Understand the notion of Professional Resources

Definition/Overview:

Overview: Architectural reprography covers a variety of technologies, media, and supports

typically used to make multiple copies of original technical drawings and related records created

by architects, landscape architects, engineers, surveyors, mapmakers and other professionals in

building and engineering trades.

In Section 5 of this course you will cover these topics:

Reproduction And Control Of Drawings

Axonometric Projection

Oblique Projection

Topic Objective:

At the end of the topic the students will be able to:

 Learn about different Architectural Drawings

 Identify Major Analog Processes

 Understand different forms of prints i.e. blueprints, Pellet prints & Van Dyke prints

 Develop learning regarding reformatting

 Understand the notion of Professional Resources

Definition/Overview:

Overview: Architectural reprography covers a variety of technologies, media, and supports

typically used to make multiple copies of original technical drawings and related records created

by architects, landscape architects, engineers, surveyors, mapmakers and other professionals in

building and engineering trades.

In Section 5 of this course you will cover these topics:

Reproduction And Control Of Drawings

Axonometric Projection

Oblique Projection

Topic Objective:

At the end of the topic the students will be able to:

 Learn about different Architectural Drawings

 Identify Major Analog Processes

 Understand different forms of prints i.e. blueprints, Pellet prints & Van Dyke prints

 Develop learning regarding reformatting

 Understand the notion of Professional Resources

Definition/Overview:

Overview: Architectural reprography covers a variety of technologies, media, and supports

typically used to make multiple copies of original technical drawings and related records created

by architects, landscape architects, engineers, surveyors, mapmakers and other professionals in

building and engineering trades.
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Key Points:

1. Architectural Drawings

Within the context of archival preservation, the custodians of architectural records must consider

many aspects of identification and care when managing the artifactual nature of these materials.

Storage containers, handling, paper and chemical compositions and interactions, ultraviolet light

exposure, humidity, mold, and other agents of potential harm all interact to determine the

longevity of these documents. As well, architectural reprographic drawings are often in very

large formats, making storage and handling decisions especially complex.

With the rise of the professionalized practice of western architecture in the second half of the

19th century, the field of architectural reprographyand the corresponding developments of

photography and mass-produced wood-pulp papersaw significant experiments and advances in

technology. Beginning with major refinements in blueprinting processes in the 1840s, through

the widespread adoption of diazotype printing after World War II, the design profession turned

to analog architectural reprography to create accurate, to-scale reproductions of original

drawings created on tracing paper, vellum, and linen supports. These copies were typically used

throughout the architects own design process and also for distribution to clients, contractors,

governmental agencies, and other interested parties. However, the integration of CADor

Computer-Aided Designover the last twenty-five years of design practice has made analog

reprography far less common in the profession and more ephemeral in nature. For archivists,

curators, librarians and other custodians of architectural records, traditional reprographic formats

are now often seen as historic documents, with attendant needs for long-term care and

conservation.

2. Major Analog Processes

Both the underlying supportpaper or plasticand the image type are used to identify the specific

processes used in architectural reprography. Between the late 19th century and the late 20th

century, several processes emerged as the preferred methods, used for decades, while other less

common processes were employed for shorter periods of time.
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3. Blueprints

First developed in 1725, blueprinting uses a wet process to produce an image of white lines on a

cyan or Prussian blue ground. To make a blueprint, a heavy paper (or more rarely drafting linen)

support is impregnated with potassium ferricyanide and ferric ammonium, placed under a

translucent original drawing, weighted with glass, and exposed to ultraviolet light. After

sufficient light exposure, the glass and original drawing are removed and the blueprint paper is

washed to reveal a negative image. This same process, using an intermediary reprographic

drawing, could also be used to produce a positive blueprintblue lines on a white groundhowever,

this more expensive and time-intensive method was far less commonly employed. The major

disadvantages of the blueprint process, however, included paper distortions caused by the wet

process which might render scale drawings less accurately, as well as the inability to make

further copies from the blueprints. Nonetheless, for its efficiency and low cost, the blueprint

process, further simplified and mechanized by the turn of the 20th century, became the most

widely-used reprographic process between the mid-19th century and the latter half of the 20th-

century. In archival settings, because the process involves ammonium, the resulting prints should

not be stored in contact with other papers that have a buffered reserve, nor should blueprints be

de-acidified, as the resulting chemical interactions can cause irreversible image loss. Blueprints

are also highly light-sensitive and should not be exposed to ultraviolet light for long periods of

time.

4. Pellet prints

Invented in 1887 by Henry Pellet, the Pellet process uses a wet process to produce an image of

cyan or Prussian blue lines on a white ground. Essentially, this process produces a positive

image, while a blueprint produces a negative one. To make a Pellet print, a paper (or more rarely

drafting linen) support is coated with ferric salts suspended in a gelatin emulsion, placed under a

translucent original drawing, weighted with glass, and exposed to ultraviolet light. As with the

blueprint process, after sufficient light exposure, the original drawing is removed, the paper

washed in a ferrocyanide bath, and then rinsed in an acidic bath to reveal a positive image. This

process required fewer steps than creating a positive blueprint, and was thus more widely

employed during the late 19th and early 20th centuries. In an archival setting, Pellet prints should

be treated and stored under the same conditions as blueprints.
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5. Van Dyke prints

The Van Dyke process, invented by F. R. Van Dyke in 1901, created an intermediary printa

white line on a dark brown groundthat could used in any of several other processes, such as

blueprinting, to create a positive print, i.e. a dark line on a light ground. Using a translucent

vellum support, the paper was prepared with a coating of silver salts. The vellum was then united

with the original drawing, exposed to ultraviolet light, and later washed in a sodium thiosulfate

bath. In an archival setting, Van Dyke prints are relatively rare, as they were created for

temporary purposes and often discarded after the final positive prints were made. Because of the

nitrates used in preparing the paper and the preferred thin paper itself, Van Dyke prints are often

extremely brittle and susceptible to damage. Van Dyke prints should be stored separately and,

when possible reformatted before the image degrades unacceptably.

6. Diazotypes

By the middle of the 20th century, wet-process reprographic techniques such as blueprinting,

Pellet, and Van Dyke printing were largely superseded by various dry-printing processes. The

most common of these is the Diazotype process, refined in 1920s, which used paper supports

sensitized with diazonium salts, a coupling agent, and an acid stabilizer to produce a dark line on

a white ground. The Diazo positive print was considered more readable than a negative blueprint,

and the dry process eliminated the image distortion of wet paper. As with other earlier

reprographic processes, a translucent original drawing was placed over a sheet of the sensitized

paper and exposed to light. However, the next step exposed the paper to an ammonia gas. This

alkaline gas catalyzed a reaction between the diazo salts and the coupling agent to produce an

image that fixed in the paper over several days. Typically these prints have blue or dark purple

lines on a mottled cream-colored background, although line and ground colors can vary.

A related process is the sepia Diazo print, which produced either a positive or negative print in

dark brown and light tones. The negative versions of these prints were most often produced as

intermediaries, like the earlier Van Dyke process, to allow corrections and revisions without

disturbing the original drawing. In the negative printing process, additional resins and oils were
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sometimes added to the paper support to increase translucency. Positive sepia prints, generally

made on opaque paper, were typically used as an alternative to positive blueline Diazo prints.

Both blueline and sepia prints were often poorly and cheaply processed, resulting in undesirable

residual chemical content. Off-gassing of sulfurous compounds, image fading, and yellowing of

the paper support are common signs of degradation and are not reversible. Diazo prints are also

highly light-sensitive and can fade to illegibility within a short period of exposure to ultraviolet

light.

In archival practice, Diazo prints are the most common reprographic format encountered in late

20th century architectural collections. However, their inherent fragility and fugitive images, as

compared with blueprints and earlier processes, makes their care problematic. Diazosparticularly

sepia prints, which readily transfer color to adjacent papersshould be physically segregated from

all other types of media. Exposure to light and pollutants in air should be minimized, and

wherever possible, original drawings or reformatted prints should be kept for reference.

7. Other Analog Processes

 Hectographic prints

 Ferrogallic prints

 Gel-lithographs

 Photostatic prints

 Wash-Off prints

 Silver halide prints

 Electrostatic prints

8. Cleaning, Flattening, and Repairing

For large collections of architectural materials, conservation work can address several areas of

concern. Consultation with a professional conservator is recommended, although some minor

treatments can be accomplished by general caretakers with training. Rolled and folded

reprography, once cleaned, can be flattened through humidification. Cleaning may be done with

white vinyl erasers, using great care in areas of friable media, such as graphite and colored

pencil. Tears, losses, and other surface damage should be treated by a professional conservator.

For particularly fragile or frequently-handled prints, sheets may be encapsulated in polyester or
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polypropylene film for additional support and protection. This is not recommended, however, for

reprographic prints with annotations in friable media.

9. Types of Storages

9.1 Rolled Storage

The most common form of storage for architectural drawingsboth for drawings in active

professional use and in archival environmentshas traditionally been in rolls. While this

allows for efficiency in the use of space and ease of retrieval, potentially damaging

situations can arise from a casual approach to roll storage. For reprographic drawings on

paper supports, rolling can stress paper fibers and make unrolling for examination more

difficult. Small rolls can be easily crushed and ends can be creased and torn without

additional protective wrapping and support.

9.2 Flat Storage

In circumstances where fragile, rigid, or otherwise atypical media makes rolled storage

unfeasible, storage in flat boxes or flatfile drawers can be the best choice. Acid-free and

lignin-free portfolio boxes, ideally no more than four inches deep, can be cost-effective

and allow more flexibility in arrangement on shelving. Flatfile furniture should meet the

minimum requirements of archivally-sound constructionpowder- or enamel-coated steel

units with no rust or sharp edges that could damage materials while stored or moved in

and out of the drawers. Drawings should be grouped and identified for ease in retrieval,

preferably within folders that are cut to fit the full dimensions of the corresponding

container. As with rolled materials, the potentially damaging chemical interactions of

print processes should be considered when grouping drawings in folders. Wherever

possible, for example, blueprints should be segregated from diazotypes, and sepia diazo

prints should be stored alone to the extent possible.

10. Reformatting

For most drawings, especially those that are oversized or significantly damaged, photographic

reproduction remains the best method of accurately reproducing the fine details of a drawing. For
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drawings that are not significantly damaged or that are encapsulated in a polyester film, digital

flat-bed scanning or other mechanical methods may be used.

11. Professional Resources

The Society of American Archivists supports many architectural archivists in their professional

responsibilities. In particular, the SAA's Architectural Records Roundtable is a primary forum

for discussion of issues of acquisition, identification, description, conservation, and digital

preservation of a wide variety of architectural documentation.

Topic Objective:

At the end of the topic the students will be able to:

 Learn about various types of Axonometric Projection

 Understand Isometric Projection

 Comprehend the notion of Dimetric Projection

 Identify different aspects of Trimetric projection

Definition/Overview:

Axonometric projection ("to measure along axes") is a technique used in orthographic pictorials.
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Key Points:

1. Types of Axonometric Projection

Within orthographic projection, axonometric projection shows an image of an object as viewed

from a skew direction in order to reveal more than one side in the same picture, unlike other

orthographic projections which show multiple views of the same object along different axes.

Because with axonometric projections the scale of distant features is the same as for near

features, such pictures will look distorted, as it is not how our eyes or photography work.

Especially if the object to view is mostly composed of rectangular features, an axonometric view

however is well suited for illustration purposes.

The three types of axonometric projections are isometric projection, dimetric projection, and

trimetric projection. Typically in axonometric drawing, one axis of space is shown as the

vertical. In isometric projections the direction of viewing is such that the three axes of space

appear equally foreshortened, of which the displayed angles among them and also the scale of

foreshortening are universally known. However in creating a final, isometric instrument drawing,

in most cases a full-size scale, i.e., without using a foreshortening factor, is employed to good

effect because the resultant distortion is difficult to perceive. In dimetric projections, the

directions of viewing are such that two of the three axes of space appear equally foreshortened,

of which the attendant scale and angles of presentation are determined according to the angle of

viewing; the scale of the third direction (vertical) is determined separately. Approximations are

common in Dimetric drawings. In trimetric projections, the direction of viewing is such that all

of the three axes of space appear unequally foreshortened. The scale along each of the three axes

and the angles among them are determined separately as dictated by the angle of viewing.

Approximations in trimetric drawings are common.

2. Isometric Projection

Isometric projection is a form of graphical projection, more specifically, a form of axonometric

projection. It is a method of visually representing three-dimensional objects in two dimensions,

in which the three coordinate axes appear equally foreshortened and the angles between any two

of them are 120. Isometric projection is one of the projections used in technical and engineering

drawings. The term "isometric" comes from the Greek for "equal measure", reflecting that the
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scale along each axis of the projection is the same (this is not true of some other forms of

graphical projection).

An isometric view of an object can be obtained by choosing the viewing direction in a way that

the angles between the projection of the x, y, and z axes are all the same, or 120. For example

when taking a cube, this is done by first looking straight towards one face. Next the cube is

rotated 45 about the vertical axis, followed by a rotation of approximately 35.264 (precisely

arcsin(tan 30) ) about the horizontal axis. Note thatwith the cube, see image, the perimeter of the

2D drawing is a perfect regular hexagon: all the black lines are of equal length and all the cube's

faces are the same area. In a similar way an isometric view can be obtained for example in a 3D

scene editor. Starting with the camera aligned parallel to the floor and aligned to the coordinate

axes, it is first rotated downwards around the horizontal axes by about 35.264 as above, and then

rotated 45 around the vertical axes. Another way in which isometric projection can be visualized

is by considering a view within a cubical room starting in an upper corner and looking towards

the opposite, lower corner. The x-axis extends diagonally down and right, the y-axis extends

diagonally down and left, and the z-axis is straight up. Depth is also shown by height on the

image. Lines drawn along the axes are at 120 to one another.

3. Dimetric Projection

Dimetric projection is a form of axonometric projection, in which its direction of viewing is such

that two of the three axes of space appear equally foreshortened, of which the attendant scale and

angles of presentation are determined according to the angle of viewing; the scale of the third

direction (vertical) is determined separately. Approximations are common in dimetric drawings.
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4. Trimetric projection

Trimetric projection is a form of axonometric projection, where the direction of viewing is such

that all of the three axes of space appear unequally foreshortened. The scale along each of the

three axes and the angles among them are determined separately as dictated by the angle of

viewing.

Approximations in trimetric drawings are common. Compare isometric projection, dimetric

projection. In trimetric projection the projection of the three angles between the axes are unequal.

Thus, three separate scales are needed to generate a trimetric projection of an object. The scales

are constructed using the same method described in isometric and dimetric projection. An

example below shows the method of construction for each of the scales.

Topic Objective:

At the end of the topic the students will be able to:

 Explore Oblique Projections

 Learn about Mathematics of Parallel Projection

 Understand the concepts behind Oblique pictorial
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Definition/Overview:

Oblique Projection: Oblique projection is a simple type of graphical projection used for

producing pictorial, two-dimensional images of three-dimensional objects.

Key Points:

1. Exploring Oblique Projections

Oblique projection is a type of parallel projection. Thus, it projects an image by intersecting

parallel rays (projectors) from the three-dimensional source object with the drawing surface

(projection plane). In both oblique projection and orthographic projection (the other type of

parallel projection), parallel lines of the source object produce parallel lines in the projected

image. The projectors in oblique projection intersect the projection plane at an oblique angle to

produce the projected image, as opposed to the perpendicular angle used in orthographic

projection.

2. Mathematics of Parallel Projection

Mathematically, the parallel projection of the point (x,y,z) on the xy-plane gives (x + az,y +

bz,0). The constants a and b uniquely specify a parallel projection. When a = b = 0, the

projection is said to be orthographic or orthogonal. Otherwise, it is oblique. The constants a and

b are not necessarily less than 1, and as a consequence lengths measured on an oblique projection

may be either larger or shorter than they were in space. In a general oblique projection, spheres

of the space are projected as ellipses on the drawing plane, and not as circles as you would

expect them from an orthogonal projection. Oblique drawing is also the crudest '3D' drawing

method but the easiest to master. Oblique is not really a '3D' system but a 2 dimensional view of

an object with 'forced depth'. One way to draw using an oblique view is to draw the side of the

object you are looking at in two dimensions, i.e. flat, and then draw the other sides at an angle of

45 degrees, but instead of drawing the sides full size they are only drawn with half the depth
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creating 'forced depth' - adding an element of realism to the object. Even with this 'forced depth',

oblique drawings look very unconvincing to the eye. For this reason oblique is rarely used by

professional designer and engineers.

3. Oblique pictorial

In an oblique pictorial drawing, the angles displayed among the axes, as well as the

foreshortening factors (scale) are arbitrary. More precisely, any given set of three coplanar

segments originating from the same point may be construed as forming some oblique perspective

of three sides of a cube. This result is known as Pohlke's theorem, from the German

mathematician Pohlke, who published it in the early 19th century. The resulting distortions make

the technique unsuitable for formal, working drawings. Nevertheless, the distortions are partially

overcome by aligning one plane of the image parallel to the plane of projection. Doing so creates

a true shape image of the chosen plane. This specific category of oblique projections, whereby

lengths along the directions x and y are preserved, but lengths along direction z are drawn at

angle using a reduction factor is very much in use for industrial drawings. Cavalier projection is

the name of such a projection, where the length along the z axis remains unscaled. Cabinet

projection, popular in furniture illustrations, is an example of such a technique, wherein the

receding axis is scaled to half-size.
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