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ABSTRACT

The study involves the development of a technical drawing software package

called T.D. BASICS for the teaching and learning of technical drawing at

secondary school level. A modular approach was adopted using the computer as

medium of instruction. T.D BASICS is an individualized learning form of

programs arranged in sequential order and broken down into small tasks or

activities for the leaner to progress at his or her own rate.

I'he technical drawing software package is divided into two lessons. Lesson

one: Technical Drawing Basics. Lesson two; Geometry Lesson one presents a

check list of what a student of technical drawinz should learn for effective
~

drawing. These are.-Uses and care of drawing instruments, lines and lettering

techniques, board practice, freehand sketching, dimensioning and notation.

Lesson two presents in detail the technique associated with geometric

constructions. It covers both the plane and solid geometry. Each lesson is divided

into a number of modules programmed in a logical step by step order from simple

to complex for use at all levels of the secondary school educational setting

(JSS I - SSS3).

The objectives for each module are outlined at the beginning to give an insight

into the expected leaming outcome. Questions are equally provided at the end of

each module for student evaluation. The software was developed with visual

basic programming language. T.D BASICS was found to be useful in the

teaching and learning of technical drawing and as a self-educator. The application

software is fully interactive and user friendly. It runs on Microsoft windows

operating system.

IX
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CIIAPTER ONE

INTRODUCTION

The current educational system in Nigeriahas, as one of its novel

elements, the introduction of pre-vocational and vocational subjects into the

secondary school system. The pre-vocational subjects are offered during the

first three years of secondary schooling while the vocational subjects are

offered during the last three years of secondary schooling. In all a Nigerian

child is expected to have had six years of exposure to vocational education

before completing secondary schooling. These six years are partitioned into two

tiers. Three Years of junior secondary schooling and three years of senior

secondary schoolmg.

Fhe national policy on education (federal republic of Nigeria, 1989)

describes the junior secondary level as both academic and pre-vocational. This

means that all the basic subjects which would enable pupils to acquire further

knowledge arid develop skills are taught in the junior secondary school. The

pre-vocational subjects currently offered (Federal Ministry of Education 1985)

include introductory Technology, practical Agriculture, Home Economics and

Business studies.

Introductory technology as a course comprises technical drawing, metal

work applied electricity! Electronics, wood work, Auto-mechanics and building

work. In the senior secondary school courses such as metal work Auto

mechanic, applied electricity, wood work, Technical drawing, etc are offered

and taught separately.



Vocational education
. .

viz-a-viz technical drawing according to the

National Policy on Education (1989 revised) is designed to accomplish the

following objectives among others:

To enable the student to acquire the basic knowledge of engineering.

To develop basic skills in the Engineering education.

To prepare students for further training in Engineering

To provide orientation and basic skill with which to start a life work for

those who may not undergo further training.

To provide basic skill for personal use in future.

To relate the knowledge and skills to the national economy.

Evidently, the most important goal which the National policy set out

to achieve is to make education both functional and utilitarian. Like a nation

poised to break away from its colonial past. The opening paragraph of the

policy stated that the Federal Government has adopted education as an

instrument per excellence for national development. Further on the policy

described education as the surest route to technological, industrial, social,

economic and political development.

Unfortunately the state of vocational education in Nigeria secondary

schools today exemplifies more than any other, thedilemma of a country at the

cross roads. A country desiring to take its place among the country of the

developed nations but unable to get it's acts together in stimulating a national

consciousness that can propel self - motivated development.

Vocational education is perhaps one of the most critical aspects of our

educational system, which needs to be supported by active research. At least

two explanations can be proffered for this assertion. First, vocational education

has been a misconceived area of the educational systems since the days of the

early missionaries. Also the importance of vocational education was only

2
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realized after independence and thus given prominence in the National policy

on Education. Therefore, research in vocational education in Nigeria is a

relatively recent phenomenon and the problems that have accumulated over the

years must be solved quickly, through research to pave way for progress in the

area.

The Nigerian National Education policy with reference to Technical

drawing (Vocational Education) compares favourably with any educational

policy in other developed countries of the world. Unfortunately the

implementation is faulty not only at the secondary school level but also

regrettably at the higher institutions - with specific reference to the propagation

and teaching of the concepts of technology in Nigerian higher institutions of

learning.

Technical drawing as one of the vocational subjects offered in secondary

schools have not been accorded the necessary recognition at this level of

f education. The teaching and learning of the subject is been hindered by a lot of

problems, which needs urgent solution. Today our contemporary schools have

left undone those things, which they ought to have done. In many secondary

schools, there are no qualified technical drawing teachers; no appropriate

textbooks or instructional materials, there are no technical drawing rooms.

Where there is provision for technical drawing lesson on timetable, the period is

usually earmarked as free period for relaxation or playtime for students.

Technical drawing is a laughing stock to many secondary school administrators

and teachers alike. Despite the laudable National Education Policy objectives

concerning the compulsory implementation of the subject in junior secondary

schools (introductory technology) and senior secondary schools, there is a low

priority for it at those levels of education. Superior status is ascribed to science

education including mathematics at the expense of technical drawing.

3
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1.1 The Role of Technical Drawing in Technology and. Engineering

1.1.1 Concept of technical drawing

Technical drawing according to Hart (1972), is the principal means of

cornmunicatic n in engineering. It is the method used to impart ideas, convey

information and specify shape, and is often said to be the language of the

engineer. It is an international language and bound like any other language by

rules and conventions. These may vary slightly in detail from country to

country but the underlying basic principles are common and standard.

Elekwa, et al (1983) defined drawing as a universal language used for

communication among technical people. These are engineers, technicians,

draughts men, etc.

Technical drawing according to Fadakini (1995) is generally a special

study in the fields of technology and engineering which greatly enhances clear

communication through technical graphics. Technical drawing is very important

in technology and engineering due to it generic and inevitable application in

engineering graphic design and communication. One cannot stress the

importance .:)1' technical drawing fully without linking it with these two related

disciplines that really give it that high recognition. llence, technology and

engineering. which demand the study of technical drawing are discussed here in

relation with each other to reveal the essential of technical drawing in

engineering graphic communication.

1.1.2 Technology

Technology has a wide meaning. Adejuyigbe (1998) sees technology as

the study, mastery and utilization of manufacturing and industrial methods,

systematic application of knowledge to practical tasks in industry Olaitan

( (996) defines technology as the use of products of creativity, inventions and

4



scientific research in the service of man. Jackson (1970) sees technology as the

process of applying scientific principles to the achievement of defined material

objectives. Horby (1974) postulates that technology is an "expert application of

scientific knowledge in problem solving. Technology therefore means those

acuvines which produce alteration in the material world in order to satisfy

human needs easily Technology simply means skillfully changing the form of

natural resources to satisfy human needs. It is difficult to distinguish technology

from other activities such as technical drawing in so far as the former relies on

the latter.

1.1.3 Engineering

Fadakini (1995) defines engineering as a profession that deals with, the

development and services of technology to the benefit of man kind. It is a

profession devoted to the development and services of technology for social

civilization. comfort, safety, and health of human being in the society.

Engineering is the profession that puts power and materials to work for man.

Once a scientific principle is understood the next is engineering which translate

the scientific discoveries into soft ware for facilitating concrete products or

goods for man's com tort.

1.1.4 Technical drawing and technology / engineering

The role of technical drawing in the development of technology cannot

be over emphasized. The idea of "technical drawing for technical drawing sake"

is as strange in our times as wealth for wealth sake" "science for science sake"

and so forth. All human activities must serve mankind if they are not to remain

useless and idle occupations. Wealth exists so that man may benefit byit:

5



science exists in order to be man's guide: technical drawing too must serve

some useful purposes and not fruitless pleasure

The input of technical drawing cannot be under estimated in

technological development. Experts in the fields of engineering have

recognized the contributions of technical drawing to technology and

development" without technical drawing and creativity there is no teclmology:

technology is a by-product of creativity". The material aspect technology

(machines tools, products apparatus) undergoes a process of design.

From the available literature on technology, we could develop some basic

facts about technology. Technology is developed and not necessarily transferred

or imported as many people think, people develop technology, when they

'~:mrove their knowledue. skills and nrocedures of makinz and doing things.

une or me conditions most favourable to invention is to accommodate

knowledge and experience in technical drawing and creativity. Technical

drawing IS the baSIS ot all engineering disciplines and the foundation of

discovery. There is need to provide knowledge m tecnnicat drawing, SCIence

and technoiogy as integrated study. Industrial products are first drawn on paper

prior to the mechanical mass production. 1 hedesign engmeer indicates tne

possunuues of a new product through his creative skills in technical drawing,

the scientists creates the knowledge of its reahzauon through the systemauc

"tJ idv of natural nhenomena or abstract ideals and the enzineer/ technology

/technician deals with the use of organized skill to the problem.

Leonardo Davinci was the first to suggest graphically the idea of a flying

machine and it has taken science and engineering four hundred years to catch

up with him. In like marmer, the concept of a rocket to the moon was first

conceived through drawing Talabi (1979). The relationship between technical

drawing and technology could be seen in all objects of our daily use like In all

6



modern architecture. TV sets. bridges, cars, aero plane, etc. Such basic aspects

of life as communications transportation, shelter, health, etc would be virtually

impossible without the knowledge of the technical drawing.

Most often, one finds it difficult to describe in full detail engineering idea

conceived in the mind or the shapes and appearances of engineering structures

or goods such as roads bridges, buildings, aero planes, radio, television, motor

cars, machine parts, etc in verbal or mathematical expressions except by

drawing. Therefore technical drawing is a language developed through the use

of technical graphics to describe the shape of objects in technology and

engmeermg.

Technology does not only involve science and mathematics. It relies

much on technical drawing skills. The technological concept may require

science, but the imagery or creativity is technical drawing. The important

relationship between technical drawing and technology is that the later draws on

the former. Technological products have to be designed through the knowledge

of technical drawing by a design engineer, before they are fabricated. The skill

of the design engineer, his ability to imagine and create what is yet to be are all

assets to the technological era.

1.2 Importance of Technical Drawing in the Secondary School System.

A basic knowledge of technical drawing is desirable for every student

who has passed through a secondary school. Whether he aspires to be a doctor,

lawyer. economist, policeman or a man of any other profession, he will need to

develop the ability to express himself through simple drawings. A policeman

can describe the scene of an accident by means of a simple sketch. A manager

can also describe the arrangement of his office with simple drawing.

7



()ne of the oroblems facing the students of engineering and technology in

the developing countries is that of inadequate communication in technical

graphic language. Every secondary school student intending to choose

technology or engineering as a career must be able to develop skill in this

distinct mode of communication in order to describe and understand clearly any

technical concept. It is an important subject that must be understood by any

intending student of engineering, if he intends to function well at his fullest

capability in his choice of engineering profession.

1.3 Computerized Learning Desk in Technical Drawing for Secondary

Schools

Computerized learning desk in technical drawing for secondary Schools

simply means the creating or developing computer software that could be used

in the teaching and leaming of technical drawing in the secondary school. This

software is an individualized self-learning form of programmes arranged in

sequential order and broken down into small tasks for the learner to progress at

his/her own rate to elicit predetermined responses.

Computer have been performing a vital role in the life of man, especiaily

in the area of education where it is excellently making waves, suffice to say that

it is making learning to be more interesting and versatile hence enhances

understanding and mastering of the subject matter in our secondary and tertiary

schools. Computer as a teaching machine (instructional material) has become

something of an ideal concept that allow each student to progress through an

entire curriculum at his or her own speed without interference from the teacher

or educational institution.

8
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\.4 Objectives of the Research Project

[he objectives of the Research work are to:

(a) Develop a technical drawing software that is directly tailored to the need

and background of the students for the teaching and learning of technical

drawing at secondary schoollevel.

(b) Present in a simple and imaginative form software that is user friendly.

1.5 Research Methodology

A study of teaching and learning of technical drawing in secondary

schools was undertaken to proffer solutions to the problems of imparting the

knowledge of the subject at this level of education.

A modular approach using the computer as amediwn of instruction was

adopted. This was followed with the development of technical drawing software

package. This software is an individualized self-learning form of programmes

arranged 111 sequential order and broken down into small tasks or activities for

the lea mer to progress at his/her own rate. The code, other WIse known as

program, consists of language statements, constants and declarations arranged

together in a logical manner on the code window. The order in which the code

executes depends on the user.

The software for the computerized learning desk in technical drawing for

secondary schools was developed using visual basic language. A flowchart

relating the activities involved in the project was developed to provide a clear

diagrammatic representation of the steps involved in the use of the software.

The application software was test run, it was found to be fully interactive

and user friendly. It runs on Microsoft windows operating system and found to

be appropriate for the teaching and learning of technical drawing.

9



\.6 Project Significance

fhe successful execution of this project work will enable technical drawing

students to gain first hand knowledge and relevant technical information. Thts

WIll go a long way in improving curriculum development for technical

education.

10



CI-IAPTER TWO

LITERATURE REVIEW

There has been a number of studies that have dealt with the teaching and

learning of vocational subjects vis-a-vis technical drawing in our secondary

schools. While some have taken a look at the attitudes of students towards

technical drawing, some have considered the effects of teachers' characteristics

011 the performance of students in technical drawing. A nwnber of others laid

emphasis on the usefulness of instructional materials in the teaching of the

subject. Not many studies however, have so far been carried out on the

development of technical drawing soft ware. Never the less, the various studies,

which have been carried out on the teaching and learning of technical drawing,

will be re-viewed

2.1 Issues in the Teaching and Learning of Technical Drawing

Technical drawing occupies an important position in the sphere of

technology in the world. It is both a subject of study as well as an important

medium of communication in virtually all levels of engineering.

The important roles assigned to technical drawingill the varIOUS

disciplines of engineering where technical drawing is required has created

awareness in learners of the need for them to attain an adequate level of

proficiency in it. Thus the teaching and learning of technical drawing, form an

integral part of the technology education process in the country.

In recent times, however, there have been hues and cries over the poor

level of mastery and proficiency in technical drawing by learners. Scholars at

II



one time or the other have researched into the performances of students in

technical drawing at all levels of our educational system. For instance

Ogunmola et al (1979), in their fmdings describe these performances as indeed

very low. These findings per harps prompted the investigation of Oluwaseyi

(1981) and Franklin (I992) who both claim that the performances of SSCE

candidates in technical drawing are grossly below the average. Each year that

the west African Examination council (W AEC) releases the secondary school

leaving examination results, students performance in technical drawing shows a

progressive decline over that of the previous year (s) so also, at the tertiary level

of education students competence in technical drawing has become a major

concern and source of worry to experts in the fields of engineering. Even where

rucienrs claimed to have credit in and distinctions in the technical drawings

tneir actual perronnance m me subiect negates and makes nonsense of such

results and certincates.

file teaching and learning of teclmical drawing have over the years been

hindered by a number of problems. A number of experts in the field or

engmeermg and vocational technical education have, over the years, focused

attention on different problems associated with teclmical drawmg teachmg and

learrung III Nigerian secondary schools. Olawoye (2000) carried out an

investigation into the learning of technical drawmg m some of the Nigertan

<econdarv schools and observed that first. there is the need to identify student's

problems in the learning of teclmical drawing. And that, these problems should

be ranked according to their degrees of frequency in order to fmd solutions to

such problems. So also Akinsowon in earlier study (Akinsowon: 1985) carried

out a nation wide study into the problems of teaching and learning of teclmical

drawing in some Nigerian tertiary institutions. Among his fmdings, is that the

correct principles are not observed from the outset of drawing.

12



There is no doubting of the fact that the teaching and. learning of

technical drawing in Nigeria is bedeviled by various problems. These problems

ranges from those inherent in the technical drawing itself to others associated

with the learners and still others which are related to the teaching process

including teachers.

Lanworys (1969) noted that no educational system can be higher than the

teachers because the strength of any educational system largely depends on the

effectiveness of its teachers. However enlightened the aims, however up to date

and generous the equipment, however efficient the administration, the value of

education to the learners is determined by the teacher. One of the problems of

teaching and learning technical drawing is the issue of teachers with inadequate

mastery of the subject. Mayock (1982) has observed that teachers who teach

technical drawing at the secondarv school level are not the best one can fmd. In

his submission, he noted that in very many cases they are tne most111

expenence and less qualified teachers who handle the teaching of technical

drawing at the secondary school. Okoro (1980) among other scholars discovers

that teachers nowadays contribute to the declining performance of students in

technical drawing. His findings which confirms the submission of Mayork

(11)82) reveais that there are teachers whose methods of teaching can be

described as obsolete. Apart from this, he argues that the levels of academic

attainment of some do not in any way measure up with the demands of the new

educational system. He there fore blames the teacher being inadequately

prepared to teach according to the demands of today's educational standard

while Ojetayo (1985) agrees with the notion that teacher's poor academic

background in technical drawing can hinder his performance in the subject he is

equally of the opinion that the technical drawing teachers of today lack the

necessary commitment and the necessary dedication to their job as it used to be.

13



As a result of the teachers' poor ability in the subject, they do not follow the

teaching of technical drawing in the appropriate order. The four areas of

technical drawing VIZ technical drawing fundamentals, plane geometry, solid

geometry and engineering aspects are either presented in the wrong sequence or

everything is lwnped together from the learners first week at school. The use of

the wrong methodology by teachers also contributes to learner's inability to

understand technical drawing.WitJl the faulty foundation being laid at tills level

where most students have their first encounter with the learning of technical

drawing learners start learning wrong things which become very difficult to

correct in future.

Another contributing factor to student poor performance in technical

.rawinz is me students themselves. Aoathy is a general feeling towards

tecnrucar drawing by some students who are of the opinion that technical

drawing is a daemon intractable to students. Working on the issue of low

student enrolment ill technical drawing in the secondary schools, Thomas

( 1971) commuted that many students were not aware of what the study ot

tecluucal drawing entails, and consequently did not enroll in the subject. He

also found that the reputation technical drawing has as a difficult and

sophisticated course of study, contributed to student refusal to enroll in the

subject.

Coupled with inadequacies on the part of the teachers and the lukewarm attitude

of the students is the problem of teaching and learning technical drawing. In

some cases relevant texts and instructional materials are in insufficient

quantities, thereby making them unaffordable to parents. Fadakini (1995) in his

book pointed out that the lack of appropriate indigenous text books on the

subject that are directly tailored to the needs and background of the students is

14



one of the problems facing the students of engineering and technology in the

developed countries.

The end result of the problems highlighted above is that learners leave

secondary school with a poor and shaking foundation in technical drawing.

Thus there can be no doubt that the continued poor performance of engineering

students in Technical drawing examinations has its origin in the poor

foundation laid at the secondary school level. However students have better

chances to study' technical drawing with appropriate instructional materials to

supplement the classroom teachmg.

rechnical drawing teaching and learning in Nigeria suffers from a dearth

of instructional materials and equipment. Vital instructional materials for

teaching are unavailable because the nation can no longer afford to import from

other countries since it has become very expensive to do so. Secondly

importation of teaching materials can hardly be justifiable in a country that is

committed to the goals of self-reliance and self-sufficiency. Alternative ways of

developing the needed instructional materials within the country therefore has

to be examined. The Nation cannot achieve technological and industrial

greatness through the use of obsolete instructional materials ill teaching and

learning or training for occupations.

2.2 The Role of Instructional Technology Vis - A .. Vis Computer in the

Teaching and Learning of Technical Drawing in our Schools and

Colleges.

2.2.1 The concept of instructional technology

Brown Lewis and harceload (] 977) presented a definition of instructional

technology as a systematic way of designing, carrying out and evaluating the
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total process of learning and teaching, in terms of specific objectives based

upon research in human learning and communication and employing a

combination of human and non human resources to bring about more effective

instruction. Instructional technology is a field involved in the facilitation of

human learning through the systematic identification, development,

organization and utilization of a full range of learning resources and through the

management of these resources. Instructional technology according to

Lumsdaire (1967) is grouped under 3 categories. These are:-

Instructional Technology I

11 Instructional Technology 2

111 Instructional Technology 3

Instructional technology 1 is what may be regarded as the hard ware or product

approach or conception of instructional technology. It refers to the use of media

and equipment in teaching - learning process. The emphasis is on the use of

varieties of hardware such as radio and television, complex teaching or

simulation devices and computer assisted instructional devices at high

technology level. In the view of Davies (1978) the hardware conception sees

instructional technology as a means of mechanizing or automating the process

of teaching with devices that have the potential to transmit, amplify distribute

record and reproduce stimulus materials.

Instructional technology (2) is regarded as the soft ware or process

approach. It is concerned essentially with the development of learning

experience through the application of the sciences of learning. Instructional

technology 2 is associated with principles of programmed learning or

instruction.

16



Instructional technology (3) according to Davies (1973) is referred to as

the new instructional technology. This tended to reconcile instructional

technology (1) and (2) it essentially combined both hardware and software

approaches and emphasized the application of systemic or organic rather than

rigid or mechanistic procedures. The focus is thus on the application of the

concept of system analysis to education so as to enhance and promote

efficiency and effectiveness in the teaching - learning process.

The role of computer in the teaching and learning of technical drawing

cannot be over emphasized today in our schools and colleges. The

contemporary teaching and learning process of engineering in general and

technical drawing in particular are characterized by a host of innovations and

manipulations. The need to incorporate instructional technology 3 vis-a=vis

computer in today' s teaching and learning has become imperative in view of its

importance in engineering teaching in general and technical drawing in

particular.

Computerized instruction is a new dimension to the educational system

of Nigeria, emphasizing all other school subjects. Specifically, the application

of computer in technical drawing lesson activities is in evitable. In the national

policy on education (1977 Revised 1981) instructional technology grouped

under educational services (section 10), has the objective of enhancing learning

and improving the competence of teachers and also of making learning more

meaningful for children. Instructional technology facilitate better

understanding, captures more authentic information with a better view of

images and general sharpening of intelligence and the teaching and learning

process has been in recent times improved by a change in the use of'

instructional media from using pegs, peddles and beads to using video tape,

tape recorders, television and computers.
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In teaching learning situation, there is the need to generate or arouse and

maintain students interest. Once interest is built up, effective learning is likely

to take place. Computerized instruction as noted by Erickson, and Cur (1972)

assist in making the learner more alert and attentive. With interest developed in

addition to being alert and attentive students would like to follow explanations

procedures or exercises sequentially and faithfully so as to comprehend the

whole learning episode.

lghamadu (1992) noted that computerized instruction makes education

more productive since it helps to speed up the rate of students learning. In

addition to making students learn faster or promote greater acquisition of

knowledge computerized instruction also makes them to understand deeper,

.etain ionzer ami apply accurately what has been learned as compared with

otner approaches. The use of computerized instruction according to Ighamadu

(1992) help to make learning real and more permanent. It create impression that

are so VIVIdand powerful that learners hardly forget experiences they are

exposed to through the computer. Other benefits are:

Capacity building of problem solving in students

Helping to clarity complex events

Helping to overcome physical limitations m the teaching and learning

environment or situation.

For the giant plan being pursued by the federal government to make

vocational education in general and technical drawing in particular a means

towards technological break through to materialize a lot of effort and

recourses both material and fmancial must be put in place so that schools and

colleges can have access to electronic media.

From the highlighted, it is crystal clear that instructional technology

plays a dominant and important role in the teaching learning process. Hence

18



From the highlighted, it is crystal clear that instructional technology

plays a dominant and important role in the teaching learning process. Hence

the need for a computerized instruction in the area of engineering in general

and technical drawing in particular.
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CHAPTER THREE

THE TECHNICAL DRAWING LESSONS

3.1 Lesson One-Technical Drawing Basics

This topic "Technical drawing basics" presents a checklist of what

students of technical drawing should learn for effective drawing.

[he major areas covered in this topic include: uses and care of drawing

instruments, lines and lettering techniques, board practice, free hand sketching

and dimensioning and notation, their purpose/applications and regulations.

The topic is divided into five 5 modules with assessment questions

provided at the end of each module to test the student knowledge on the area

covered in the module. These modules are:

Module 1: Uses and care of drawing instruments

Module 2: Lines and lettering techniques

Module 3: Board practice

Module 4: Freehand sketching

Module 5: Dimensioning and Notation.

The practical problems provided at the end of the topic is for the student

to practice by following the examples already presented in the topic.
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HOW TO STUDY THIS LESSON

.:. Study each module presented in this lesson separately:

.:. As you read through each module try to know the main and important

ideas. When you find an unfamiliar word, go to Microsoft word .

•:. Study each module step by step as they have been arranged for you .

•:. Do all the self-assessment questions for a chosen module before

proceeding to the next.

.:. To get the best result out of studying this lesson, you should and obey

all the instructions and observe all the rules ..

3.1.1 Module l-Uses and care of drawing instruments

The purpose of this module is to enable students of technical drawing to gain

knowledge of basic drawing instruments and to instruct students of their

proper use and care. After they have become familiar with these basic "tools"

they can easily acquire skill with more specialized instruments used in

technical drawing.
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OBJECTIVES

By the end of this module,you should be able to:

.:. Identify and list the basic drawing equipment and materials

.:. State the uses of each of these drawi ng instruments and material s

.:. Draw the instruments

.:. Take proper care of these instruments

HOW TO STUDY THIS MODULE

• Read through the whole module in order to get the general idea.

• As you read this module, note any word you find difficult and check for the

meaning in the Microsoft Word.

• Study the module by carefully reading it through step by step.

• Answer all the assessment questions at the end of the module.

• Check the answers at the end of the exercise.

Some of the instruments needed in technical drawing are listed below:

.:. Drawing board

.:. T - square

.:. 30° - 60° degree triangle (set square)

.:. 4S() degree triangle (set square)

.:. Adjustable triangle
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·:. Protactor

.:. French curve

••• Templates•

.:. Soft rubber eraser

.:. Dusting brush

.:. Drawing paper

.:. Cellotape or clip

.:. Pencils

.:. Dividers

.:. Pair of compasses

.:. Lead sandpaper

f_

ACTIVITY 1.0-1: DRAWING BOARD

The drawing board is a rectangular piece of good quality wood with a smooth,

flat surface. It is used to hold the drawing paper on the smooth at surface. The

ends are usually cleaved to prevent warping. Batterns are also fitted at the

back to strengthen it.

In addition to a smooth surface, the drawing board must have a straight

working edge to serve as a base for the T-square and a reference line for

drawing.

There are five standard sizes of drawing boards, namely AO = 841 x

1189, A' = 594 x 841, A2 = 420 x 594, A3 = 297 x 420 and A4 = 210 x 297.

The A2 - size drawing board measuring 420mm x 594mm is the ideal board for

the use of students.
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Drawing board

/

~,

\
Tee Square

Figure 1: A drawing board with Tee-square placed on top

ACTIVITY 1.1-1: T- SQUARE

The T<square consists oftwo part s, a head arida blade fa steried together,

T-square is either made of wood or plastic. T-square range in length

between 450mm to 1500mm. The length should be approximately the

same as the width of the drawing board being used.

The three major uses of the T-square are:

. To draw horizontal lines

.:. For placing or setting drawingpaper on the board

.:. To serve as a base for Lriangles

Plastic straight edge

Head Head wood blade

.,.
Hole for hanging
on nai I

Figure 2: A T-square with transparent plastic edges provides a

better view of the work.



ACTIVITY 1.2-1:
,

TRIANGLES (Set squares)

The most commonly used drafting triangles are 300 x 600 degree and 45

degree types. They are made of transparent plastics. figure 3.

Triangles are used to;

.:. Draw lines per pen dic u larto those drawn with the tee-square .

•:. Draw lines that are inclined to vertical or horizontal directions.

Special purpose triangle (adjustable triangle) is used in laying off of

any angle from 00 to 900

Fig.3 (a) 300 - 600 triangle Fig.3 (b)
••45 degree triangle

Scale

Adjustable knob

Figure 3 (C): Adjustable Triangles
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ACTIVITY 1.3-1: PROTRACTORS

Protractors are used for measuring or setting off angles other than

those obtainable with the triangles. Protractors are made of nickel silver

ma terial. It is graduated near the circular edge into angles, from 00 -

180°. The scale is numbered clockwise, from 00 - 1800 and anticlockwise

from 1800 - 00 .

Measuring angles with the protractor

.:. Place the centre 0 of the protractor on the intersection of the two

lines that formed the angles figure 4 so that one of the lines

coincides with the zero line of the protractor.

.:. Read from the zero line of the protractor to the degree that

corresponds with the other lines.Figure 5,

Figure 4: intersection of the two lines

Figure 5: Reading from right to left (anticlockwise) angle 8 is 45°,



ACTIVITY 1.4-1: TEMPLATES

A variety of templates are available for drawing threads bolts, screws,

nuts and head types. Templates are used in drawing to save a

greal deal of time and to produce more uniform representations of

threaded fasters.

Templates are used to save time in drawing.

They are available for drawing circles, ellipses, plumbing fixtures,

bolts and nuts, screw threads, electronic symbols, springs, etc.

ACTIVITY 1.5-1: FRENCH CURVES

They are used to draw noncircular curves such as involutes, spirals,

ellipses and so forth. In addition, they can be used to plot motions and

forces and to make some engineering and scientific graphs. They are

made of plastic and come in many different forms.'r

Fig. 6 French curve.

27



r

ACTIVITY 1.6-1: ERASERS

Erasing is carried out when mistakes do happen or change in

existing drawings is to be made. Erasing can be minimized if the drafter

can do good 'Nark.

Much erasmg time and damage to drawings may be saved by

drawing all lines first as construction lines and byusing the correct

grade of pencil.

The two types of erasers used in technical drawing are:

.:. The firm textured rubber eraser figure 7 for erasing ink lines and

.:. The soft vinyl eraser for erasing pencil lines and cleaning drawings.

When erasing, the drawing sheet must be held firmly on the drawing

Goard with the free hand while the eraser is rubbed lightly back and

forth to erase detail or line. Erasure dust must be removed with dust

brush or soft cloth instead of hand as most people do.

ACTIVITY 1.7-1:

Figure 7: Soft vinyl eraser

DUSTING BRUSH

It is useful for removing eraser crumbs without smeanng the drawing.

figure 8.

Figure 8: Dusting brush
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ACTIVITY 1.8-1: DRAWING PAPERS

Drawing papers are in various sizes as shown in table 1 below:

MILLIMETERS
SIZE DIMENSIONS
A-4 210 x 297
A-3 297 x 420
A-2 420 x 594
A-I 594 x 841
A-O 841 x 1189

Table 1: Showing the Various Sizes of Drawing Sheets

The A2 size is the recommended type for student of technical

drawing.

ACTIVITY 1.9-1: CELLOTAPE OR CLIP

Drawing papers are held on the drawing board with Cellotape or clips.

Pins are no longer used because they make holes on the drawing paper

and board.

ACTIVITY 1. 10-1: PENCILS

Pencils for technical drawing comes in degree of hardness, ranging from

HB, which is soft to 9H, which is very hard. For lettering, visible lines,

cutting plane lines and freehand sketching, HB or H pencils are used

while for other types of lines such as construction lines, hidden lines,

centre lines, dimension lines etc. H, 2H, 3H pencils are used. The line

thickness produced by a pencil sometimes depends on the pressure

applied.
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Pencil point for lettering, freehand sketching, circles lares and

curves, must be sharpened to a conical point figure 9a while pencils for

straight lines must be sharpened to a chisel like point figure 9b. The

edges are used for drawing lines

<E----C=> ~I------p
Figure 9a: Pencil sharpened

to conical point

Figure: 9b pencil sharpened

to chisel like point.

ACTIVITY 1.11-1: PENCIL SHARPENERS AND GLASS PAPER BLOCK

If a lead mechanical pencil is used no sharpening is required since

the lead diameter determines the line width. If a wood pencil is used it is

nece s sary to sharpen the end either with a mechanical sharpener or a

sharpening knife depending on the shape desired.

G lass paper block is requiredfor maintaining the pencil point at all

time.

ACTIVITY 1.12-1: COMPASSES

Technical drawing consists of straight lines and curved lines. Most of

the curved lines are circles, semi-circles and arcs and they are drawn

with the compasses.

The two common types of compasses used111 technical drawing
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(i ) The bow compass figure 11a is used for drawing arcs and circles of
•-

small radius,can be adjusted for large circles.

(i i) Beam compass figure 11b is used for drawing large arcs and

circles.

Figure lIb: Beam compass

Figure lla: Bow compass

ACTIVITY 1.13-1: DIVIDERS

Dividers are used to transfer or step off distances and to divide

straight and circular lines into equal parts. Two types of dividers are

used extensively in technical drawing. They are:

.:. Bow dividers - which is the same as the bow compass. The only

replacement is the placing an additional point where the lead

normally goes .

•:. Friction joint divider figure 12, which is common 'with the student

mathematical sets.
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Figure 12: Friction joint divider

ACTIVITY 1.14-1: SCALES

Scales are used for laying off distances and for making measurement,

measurements can be full size, or in some exact proportion to full size

(i.e. enlarged or reduced). The common type of scale used in technical

drawing is the metric scale.

() 2 ) 6

Figure 13: Metric scale.

ACTIVITY 1.15-1: CARE OF DRAWING INSTRUMENTS

(i) Drawing board should not be used for any other purpose

(ii) Pin should not be used on the drawing board except tapes and

chips

(iii) The face of the drawing board should be covered when it is not

used.
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(iv) Sharp object such as razor blade should not be used on edges

of drawing instruments like tee-square, set square, French

curvc.etc.

(v) Tee-squares should not be converted to a walking stick.

(vi) Do not play with drawing instruments so as not to damage

them or cause injury to yourself and those around you.

SELF ASSESSMENT QUESTIONS

Read each question carefully. Complete the blank spaces provided

by choosing the correct option from the options (A - D) provided for each

question.

( 1) Drawing board is made of material

(A) Ceramics (B) Rubber (C) Wood (D) Iron

(2) The straight edge of the drawing board serves as a base for

instrument.----

(A) Set-square (B) T - Square (C) Protractor (D) Compass

(3) The following are standard sizes of drawing board except _

AO· (C)(A) (D)(B)

(4) The following are the major uses of a T-square except _

(A) To draw curved line

(B) To draw horizontal lines

(C) For setting drawing paper on the drawing board

(0) To serve as a base for set squares
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5) The following are types of triangles except _

(A) 600 x 700 triangle

(B) 300 x 600 triangle

(C) 45° triangle ...
(D) Adjustable triangle

(6) Type of triangle that can be used in laying off of any angle from

00 - 900 is

(A) 300 x 600 triangle

(B) 450 triangle

(C) 700 triangle

(D) Adjustable triangle

(7) The instrument used for measuring angle is, _

(A) Triangle (B) T-Square (c) Protractor (D) Divider

(8) French curve can be used to draw any of these except _

(A) Non circular curves

(B) Plat motion and forces

(C) Make engineering graphs

(D) Perfect triangles

(9) In order to save much erasing time the drafter must _

(A) Dr aw all lines first as construction lines

(B) Draw all lines first as outlines

(C) Draw all lines as hidden lines

(D) Use 2B pencil
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(10) The object shown below is a/an

(A) Sharpener (B) Eraser (C) Pencil (D) Crayon

(I 1) One of the following is an instrument material for holding drawing

papers on drawing board

(A) Cello tape (B) Pencil(C) Pin (D) Eraser

(12) The object drawn below represents a/an

(A) Eraser

(B) Pencil <J ( :>
(C) Compass

(D) Divider

(A) Circles (B) Straigh t lines (C) Semi-circles (D) Arcs

(13) The pencil for lettering must be sharpened to point

(A) Chisel

(B) Conical

(C) Square

(D) Rectangular

(14) A pair of compasses is used to draw all of the following except

( IS)· Scales are used for in technical drawing

(Al Laying off distances and making measurement
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(8) Drawing circles and arcs

(C) Drawing triangles and arcs

(D) Drawing circles and triangles

(1) C

7) C

(13) B

ANSWERS TO ASSESSMENT QUESTONS

(2) B (3) A (4) 8 (5) A

(8)D (9)A (10)B (11)A

(14) B (15) A

(6) D

(12) B

If your score IS Up to 60% congratulations, proceed to the next

module if otherwise go over the module again
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3.1.2 Module 2 - Lines and letRring techniques

This module covers two of the basics that are needed in preparing all

types of technical drawings. The major topics covered in this module are lines

and lettering teclmiques. For the attainment of good standard drawing, neat line

work and good lettering are essential. Good line work and neat lettering are

very pleasing to look at on a drawing.

OBJECTIVES

By the end of this unit, you shout be able to:

(i) Identify different types of lines

(ii) Apply these lines in drawing

(iii) State the different types of pencil lead grades used for

drawing each type of line.

(iv) Carry out good lettering using the single

stroke gothic lettering.

HOW TO STUDY THIS UNIT

Read through the whole module in order to get the general idea.

Open to Microsoft word to check the meanings of words you do not

understand.
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Answer the questions at the end of the module. Do not look up

answers to questions before you answer them.

To get the best result out of studying this module, you should obey

all the instructions and observe all the rules.

ACTIVITY 2.0-1: LINES

Each line on a technical drawing has a definite meaning and is drawn in

a certain way.

The line convention used in technical drawing are represented in

figure 13 below together with illustrations of various applications.

Two line thicknesses are recommended, thick line O.7mm wide and

t h in line O.3mm wide. There is a good contrast between different kind of

lines.

Continuous thick line

Visihle l.ine H. For H8.

Thin short dashes

Hidden Line 2H or H.

Thin continuous

Section Line 2 H or H

Thin continuous

Projection Line 2H or H

Thin long chain

Centre [me 2H orH

Dimension Line 2H or H
Thin line with arrow heads
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t.. .._ .._., _ .._ ..-" _ ....t Thick long chain

CUlling plane line or Viewing
plane line. 1-1.F or \-lB.

Freehand line for short or

Thick short break line H. F. or HB, limit of partial views

Thin ruled line with freehand

zig zag.

Long break line 21-1or II

_ .. - .._ .. - .._ .. ---_ ..---_ .. _ .. - .. -. _ .. ---_ .. -.
Thin for alternate positions,

Phantom line 21-1or H
repeated details and paths of

motion

Fig. 13: Line Convention used in Technical Drawing

Short break line

--
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Hidden l.inc

Travel

-7 - '-'-'-'-
~
Phantom Line

Centre line

Outline (Visible Line)

Projection Line
~.-.-.

I
I

I

I
••........ ,-"

I ' \

\

1,
I

/

'"
"

I
.•.. _.1

Cutting Plane Line

Dimension
Line

•

Section Line

ACTIVITY 2.1-1: LETTERING

Line Conventions used in Technical Drawing.Fig; 13 :

Regardless of the type of lettering adopted in technical drawing, the

most important features of good lettering are: neatness, uniformity,

stability, speed, proper spacing and above all eligibility.

Lettering in technical drawing consists of dimensions, notes and

other data that are best conveyed using alphanumeric characters.

Different V/clYS (Ire used for lettering in techriical drawing. These

methods are:

.:. Traditional lettering created by freehand lettering

.:. Mechanical lettering techniques by scriber templates.
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.:. Type written notation and

.:. Typed lettering generated by computer.

The focus in this section is on freehand lettering.

There are several lettering styles in technical drawing. The standard

style established for freehand lettering on technical drawings is the single

stroke Gothic lettering. Gothic letters may be vertical (figure 14a) or

inclined slightly to the right figure 14b. The lettering character may be

upper or lower case (capital or small letters).

ACTIVITY 2.3-1: GUIDES TO GOOD LETTERING

(i) Pencils for lettering (H or HB) must be sharpened to a conical

poin t.

(ii) Always turn the pencil frequently to a new position111 order to

wear the lead down uniformly and keep the lettering sharp.

(iii) All vertical strokes should be drawn downward while all

horizontal strokes are drawn from left to right.

Light horizontal and vertical guidelines are necessary to regulate the

height and width of letters respectively. Hard pencils such as 4H to

6H are used for guide lines because they should be barely visible.

(iv) A mixture or both s uaight and inclined lettering IS not

acceptable. It is eit he r s uaigh i ur inclined leu ering.

(v) Space between two let ters of a word should be smaller than that

between two words.
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(vi) Except for brief notes, small letters are rarely used. Each letter

or number should be approximately 6mm high with a gap of

3mm or 4mm in between horizontal guidelines.

(vii) For dimensions and notes a character height of about 3mm

should be used, and characters should be about. the same

width. .,-

(viii) Decimal marker used with metric units should be bold, given a

letter space and be placed on the base line e.g.18.07

(ix) Dimensions les than unity should bepreceeded by 101 e. gO. 3

(x) I n single stroke strike lettering, all the strokes are uniform in

thickness and each stroke is produced by one movement of the

pencil.

ABC

~ d f II=f • k 1c e ~
.I m

n=n==p tq==r S D V W X Y z

=1e---2-1--3------4----5 -6~7 -8 9==61-----

Figure 14a: Pencil strokes for making vertical Gothic upper case

letters, lower case and numerals
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AB C BE F G Hu]: If ~ M==
" T eP fJR l5 T II J( fl/ X }T Ztv

1 2 3 4 5 6 7 8 9 0
Figure 14b: Pencil strokes for making inclined Gothic upper case (letters

and numerals).

ASSESSMENT QUESTIONS

(1) How many line thicknesses are recommended In technical

drawing? (A) Four (B) Five (C) Three (D) Two

(2) The type of line used for visible outline is _

(A) Thin short dashes

(8) Thin continuous line

(C) Thin long chain line

(D) Continuous thick line

(3) The type of line used for sectioning is _

(A) Long chain line

(B) Thick long chain line

(C) Thin line with arrow heads

(D) Thin continuous line

(4) Ph a n t.orn line is d rawn wi t h . _ grade of pencil

(A) 2H (B) 5H (C) 2B (D) 5B

(5) The following are lettering methods except _
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(A) Traditional lettering created by' freehand lettering

(B) Mechanical lettering techniques by scriber templates

(C) Painting

(D) Type writing notation

(6) Lettering may be or

(A) Inclined, Irregular

(8) Vertical, Irregular

(C) Vertical, Inclined

(0) None, of the above,

(7) The type of pencil recommended for lettering is ------

(A) 5H (8) 4H (C) 38 (0) H8

(8) Dimensions less than unity should be preceded by -----

(A) 1, (B) o (C) A (D) 8

ANSWERS TO ASSESSMENT QUESTIONS

1 1, 0 2, 0 3, 0 4. A S. C 6. C 7, D 8. 8

Move to the next unit if your score is 60% and above, if not repeat the

sr udv ,
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3.1.3 Module 3 - Board practice

Drawing board practice involves the correct use of the drawing board and

other drawing instruments to produce good and accurate technical drawings.

OBJECTIVES

By the end of this unit, you should be able to:

.:. Fasten drawing paper on the drawing board with the aid of the T-square .

•:. Draw different types of lines such as horizontal, vertical, inclined,

parallel and boarder lines

.:. Draw different types of title blocks

.:. Use some of the instruments to draw certain objects or shapes

HOW TO STUDY THIS MODULE

Read through the module once. When you fmd any unfamiliar word, go

to Microsoft word for the meaning.

You should study this module step by step as it has been arranged.

You should do all the exercises you are expected to do at the end of

the module.

Do not look at the answer before answering or attempting the exercise.
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Basic board practice procedures in technical drawing are shown below:

ACTIVITY 3.0-1: Procedures for fastening paper to the board

(i) The drawing paper should be placed close enough to the

working edge of the board to reduce error resulting from

bending of the blade of the T - square.

(ii) Drawing paper should be fixed close enough to the upper edge

of the board to permit space at the bottom of the sheet for using

the T-square and supporting the arm while drawing.

(iii) Cellotape (drafting tape) should be used for fastening the

drawing paper to the board to avoid damage to the paper and

the board.

(iv) To fasten the paper in place, the head of the T-square is pressed

firmly against the working edge of the board with the left hand,

while the paper is adjusted with the right hand until the top

edge coincides with the upper edge of the T-square.

(v) Move the T-square to the middle as shown in figure 15 and

fasten the upper corners Iollowed by the lower corners.

Additional fastening may be required for large paper.
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T =Scuare head Board

~ Tape

Tee Square

Drawing Paper

Figure 15: Fasten paper on drawing board.

I:)
I

ACTIVITY 3.1-1: DRAWING HORIZONTAL LINES

(i) The T-square should be tight against the working edge of the

drawing board (left hand edge).

(ii) Slide the left hand inward a little so as to press theT-square

blade tightly against the paper while the head still maintain the

squareness with the drawing board edge.

(i ii) Wi th your drawing hand, incline the pencil in the direction0 f the

lines to be drawn and draw figure 16. Rotate the pencil

between thumb and fingers slowly to retain a conical point.
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Figure 16: Drawing horizontal lines. The arrow indicate the

direction of pencil.

ACTIVITY 3.2-1: VERTICAL LINES

Vertical lines are drawn with the aid of the set square(450 or 300 x

600 triangle)

PROCEDURE

(i) Set the T-square head against the edge of the boardandpress it

with your left hand.

(ii) Place the triangle on the T-square with the vertical edge on the

left, and the base resting properly on the blade of the T-square

figure 17.

(iii) Press both the blade and the T-square against the board.

(iv) Draw the vertical line upward on the left side of the triangle
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i.-:v---

~~

I I

\ . .
Figure 17: Drawing vertical hnes

ACTIVITY 3.3-1: INCLINED/PARALLEL LINES

Set square

Inclined lines are drawn either with the aid of T-square and any of

the triangles figure 18a or by placing the triangles against each other

shown in figure 18b.

•

Set SQuare

Figure 18a: Showing the various position of the triangles against

the T-square in drawing inclined/parallel lines.

NOTE: Either the triangle or the T-square could be adjusted to draw

more lines depending on what is desired.
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\-------.;.~ 45() set square

Figure 18b: Drawing parallellines

NOTE: The lower setsquare is heldwit h the left hand firmly on the

board while the upper set square is allowed to slide while the lines are

drawn. The position of the setsquares can be interchanged depending on

what is desired.

ACTIVITY 3.4-1: IRREGULAR CURVES

To draw irregular curves, a series of points are plotted to

accurately establish the curve, The French curve is then matched with

three or more points and a segment is drawn at a time until the line is

Figure 19a - e

.'.. ... .. .. .. ..- -....
··· .. .. ... ... ....

A

•. -• •• •• •• •• •• •• •• •.« .. B

•
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Figure 19 a - e: The use of French curves to draw curve lines

ACTIVITY 3.5-1: TITLE BLOCKS

The title block contains the title of the drawing and other related

information such as: Name of drafter" school scale, date, dimensions etc.

There are two types of title blocks. These are:

(i) Corner title block figure 20a. It is usually placed at the bottom

right corner of the drawing sheet.

(ii) Full-length title block. Figure 20b. It is usually drawn across

the length of the sheet at the bottom.
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NAME ~

I SCHOOL

TITLE t
SCALE DIMESIONS

6111111

\1/ DRAWING NO DATE
1"1~

L - V\' (J ,01 a 111= sheet

Fig. 20a Corner Title Block

space
1 0111111

Boarder
Line

I-:ach

Figure 20b: Full-length title block

.:. The boarder line is usually drawn In thick continuos line and

always lOmm to the edge of the drawing paper.
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.:. Upper case characters (capital letters) are preferred to lower case

characters in title block.

ACTIVITY 3.6-1: CARE OF DRAWING

Cleanliness in technical drawing is very important and should

become a habit. The following precautions should be observed by the

technical drawing student, to ensure neatness in drafting:

(i) Hands should be clean at all times. Wet hands should be wiped

frequently with a clean cloth.

(ii) Drawing equipment should be frequently cleaned with a clean

cloth.

(iii) Sliding of the drawing instruments like T-square, protractor,

triangles, French curves.ctc on the drawing should be avoided.

(iv) Dusting brush and not hand palm should be used when

removing eraser particles from the drawing.

(v) Pencil should not be sharpened over the drawing :or any

drawing equipment.

(vi) Try as much as possible to avoid resting the hand or any part of

the body on the drawing.

(vii) Store completed drawings in a save apartment to prevent

damage.
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(viii) Layout all views with light lines using a hard pencil. "Heavy-in"

lines only when all parts are 'correct.

(ix) Use a paper overlay to cover completed parts of the drawing.

SELF ASSESSMENT QUESTIONS

(1) Why should drawing paper be placed close enough to the working

edge or the board _

(A) To reduce error (B) Increase error (C) To prevent the

paper from falling off the board (D) To preven t warping.

,

(2) What must be used to fasten the drawing paper on the board?

(A) Pin (B) Compass (C) Divider (D) Cello tape

(3) The hand that is used to press the T-square head against the

working edge of the drawing board is hand

(A) Right (B) Left

(4) The instrument used [or drawing horizontal line is

(A) Divider (B) Compass (C) Protractor (D) T-square

l'=;) Why must the pencil be rotated between thumb and fingers when

drawing? __

(A) To maintain a conical point (B) To relief the fingers from

fatigue (C) To produce irregular curve (D) None of the above

(6) The instrument used for drawing vertical lines is -------

(A) Protractor (B) Divider (C) Compass (D) Set - square

(7) When d r awirig vertical lines with the aid of Set-square and T-
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square, the vertical edge of the set square must be on the

____ side (A) Right hand (B) Left hand

(8) The Setsquare can be used to draw inclined line by pairing it with

instrument. (A) Compass (B) French curve

(C) Sharpener (D) T - square.

o
o

(9) What is the name of the drawing instrument shown above.

(A) Set square (B) French curve (C) Sharpener

(0) Eraser

(10) The instrument in question 9 above is used in drawing line

(A) Horizontal (B) Vertical (C) Curve (0) Straight

(I I) To draw irregular curve a series of ____ must be plotted to

accurately establish the curve. (A) Points (B) Lines (C)Circle

(0) Arcs

(12) The title block contains the following information except.

(A) Name of drafter (B) School (C) Scale (D) Drawing instrument

( 13) and _ are the two types of title block used in

technical drawing. (A) Horizontal & Vertical (B) Upper and

Lowe cases (C) Circles and Arcs (D) Corner and full length
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(14) The boarder line is usually dr awn in line

(A) Thick continuous (8) Thin continuous

(C) Short dashes (0) Long dashes.

ANSWERS TO ASSESSMENT QUESTIONS

(1) A (2) 0 (3) 8 (4) 0 (5) A (6) 0 (7) B

(14) A(8) D (9) C (10) C (11) A (12) D (13) D

Move to the next module if your score is up to 65%, if below study

the module again.
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3.1.4 Module 4-Freehand sketching

Freehand sketching is a method of making a drawing without the use of

instruments except drawing pen or pencil. It is one of the first stepsIII

conununicating ideas for a design, and it is used in every step thereafter.

OBJECTIVES

At the end of this unit, you should be able to:

.:. Sketch different types of lines and curves

.:. Sketch areas circles and semicircles

.:. Carry out different types of sketches such as orthographic, axonometric,

oblique and perspective.

HOW TO STUDY

As you read through this module try to note the main and important

ideas. Look up any unfamiliar word in the Microsoft word.

Study this module step by step as they have been arranged for you.

Do all exercises that you are required to do.
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ACTIVITY 4.0-1: REASONS FOR SKETCHING

There are many reasons for carrying out technical sketching.

Some of these reasons are:

(1) To quickly put an idea that may likely escape the mind on paper

(2) To develop a series of ideas for refining a new product or

machine part.

(3) To develop and analyze the best methods and materials for

making a product.

(4) To give design ideas to drafters so that they can do the detail

drawings.

(5) To persuade decision makers or client about a project that an

idea is good.

(6) To show that there are different ways to look at or to solve a

problem.

(7) To spend less time in drawing.

ACTIVITY 4.1-1: SKETCHING LINES

The lines used in creating sketches closely correspond to those

used in creating technical drawings except that they are not as share.

ACTIVITY 4.2-1: SKETCHING RULES

When sketch ing the following general rules apply:
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(a) Hold the pencil firmly, but not so tightly to avoid tension or hand

fatigue.

(b) Grip the pencil about 25mm up from the point.

(c) Horizontal lines should be drawn from left to right usrng short,

slightly overlapping strokes

(d) Vertical lines should be drawn from top to bottom using slightly

overlapping strokes.

(e) Draw curved lines using short, slightly over lapping strokes .

.............................· . .· .· ..
• •••••••••••• r· .· .· ... .........•. . .

••••• • •••• •• • ••• ••• • ••• •• •• • •• • ••• •••. .

Figure 21a: using dashes or dots as guides for sketching.

ACTIVITY 4.3-1: SKTECHING STRAIGHT LINES

STYEP 1: Put a series of pencil dots or dashes on the paper which

provide a basic outlines as to the shape of the object. Fig. 21 a.

STEP II: Draw lines to join the dashes or dots. Fig. 21 b .

....------_ .

...............
.........

..... .. .. .. .......

Figure21b: Connecting the dots to produce object

\
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STEP III: Complete the sketch madeby using dots or dashes as guides

fig. 21c.

Figure 21c: Complete sketch madeby using dots or dashes as

guides

ACTIVITY 4.4-1: SKETCHING CIRCLES

STEP 1: Sketch the vertical and horizon tal centre lines to locate the

cen t re of the circle figure 22a.

Step I

Fig.22a

STEP 2: Mark off the radial distance of the circle on these lines,

I

l'qLliclistant Irorn the centre. Fig. 22b
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Fig.22b

Step 2

STEP 3: Draw a square through the marked off points. Fig. 22c

Fig.22c

Step 3

Draw the diagonals of this square and mark off the radialSTEP 4:

distances from the centre on these diagonals. Fig. 22d

Fig. 22d
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Step 5

STEP 5: Join these marks with overlapping strokes. First from the right

side of the circle from top to bottom, followedby the left side, the same

Fig. 22e

Step 5

ACTIVITY 4.5-1: SKETCHING OF ELLIPSE (Fig. 2.3a produce)

A similar technique forcircle is used for sketching ellipses except that

the square becomes<.1 rccrnnglc.

STEP I: Locate the centre lines of the ellipseby sketching the major and

rm nor axes.

Fig. 23a.

I
I
I
+
I
I

Minor axis

Major axis
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STEP II: Or3\\' the rectangle around the centre line. Fig. 23b

I

-- - -
,.L

--- ~

I
I

I

I
Fig.23b

STEP III: Sketch arcs where the centre lines touches the box,

I
+
I

Fig.23c

STEP IV: Sketch the ellipseby joining these arcs,

Ir-
I

Fig.23d
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STEP V: Clean oil the rcrr.mglc. This method can be used to draw

gaskets having the shape of an ellipse.

Another method of sketching ellipse is the trammel method (see Loci).

The points are joined with hand instead of French curve.

ACTIVITY 4.6-1: TYPES OF SKETCHES

There are four types of sketching. Orthographic, axonometric,

oblique and perspective.

A skilled sketcher must learn to maintain proportion without the

u sc or tools and aids. The best device for accomplishing proportion111

sketching is human eye and constant practice.

Guides relating to proportion in sketching:

STEP 1: Isometric grid or squared papers inform of graph paper should

be used where possible. The lines are normally spaced at lOmm

iru ervals.

STEP 2: Break the object into component parts.

STEP 3: La vo u t the largest components according to the proportions.

ACTIVITY 4.7-1: ORTHOGRAPHIC SKETCHING

The six principal views of an orthographic sketch are: top, front, bottom,

back, right side and left side. The views selected for use in a sketch

depends on the judgement of the drafter and the nature of the object.

The views selected must be views that shows the most detail and the

fewest hidden lines.

64



STEP I: After selecting the VIews, block In the entire sketch before

adding details
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Figure 24a

STEP II: Add the details once the layout is blocked inFigure 24b
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ACTIVITY 4.8-1: AXONOMETRIC

There are three types ofaxonometric projection: Isometric,

diametric and trimetric. The latter two projections are rarely 'used in

sketching due to the difficulty In proportioning scal~ values of length,

width and height.

ACTIVITY 4.9-1: Isometric Sketch Procedure

STEP I: Dr aw the isometric grid assuming the square islOrnm.

Figure 25a

STEP II: LL1\'UUL t l ic isorucuic <IXCS,

].

Figure 25b
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STEP III: Block in the object using construction lines.

Figure 25c

STEP IV: Darken lines parallel to one receding line

I 67

STEP V: Darken lines parallel to the second receding line.



STEP VI: Darken all vertical lines to complete the drawing.

Figure 25d

Note: Circle in isometric sketching will appear elliptical.

ACTIVITY 4.10-1: TO DRAW A CYLINDER IN ISOMETRIC

PROJECTION

STEP: Sketch a box and add the centerlines. The two ends should be

squu rcs drawn in isometric projection. Fig.26a

-- .--.~.. -r--~

Fig. 26a: Isometric Box

I 68



STEP VI: Darken all vertical lines to complete the drawing.

Figure 25d

Note: Circle in isometric sketching will appear elliptical.

ACTIVITY 4.10-1: TO DRAW A CYLINDER IN ISOMETRIC

PROJECTION

STEP: Sketch a box and add the centerlines. The two ends should be

squures d rawn in isometric projection. Fig.26a

Fig. 26a: Isometric Box
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STEP II: Sketch the circles at both ends. Fig. 26b

STEP III: Sketch in the sides so that thev are tangential to the circles

and clean off the square Fig. 26c

-- ---
ACTIVITY 4.11-1:

Fig. 26c: Isometric Cylinder

OBLIQUE SKETCHING: Involves a combination

of a flat orthographic front surface with depth lines receding at an angle

of 45°.

Procedure: STEP I: Draw the horizontal, vertical and receding lines.

Fig.27a

(
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Fig.27a Oblique Sketching

i STE~ II:
i

lavour the rial front surface of the object,

------ ------+---+---t-----+---II----I---I-----I---+----I----j

. ------~--l.-- ------I---+--~--l--+----+--_+_-----i---------1'-1------· -+--1-----1-17---,--+----!

---------1----------------- ------------ - -I--/--I-/~.-'-/. -----1---1
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--------------.-----\----L----!----+---t------1---'----\---- L-__ J

------ ~---~---1---~--_+--~--~---4---+-~-~-~
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STEP III: Block in the depth by drawing parallel lines, Fig, 27b
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Figure fig. 27b Oblique Drawing

Ublique sketching allows round components to be drawn round

rather than elliptical.

ACTIVITY 4.12-1: PERSPECTIVE DRAWINGS

Are the type of pictorial drawings that most nearly represent what

IS seen by the eye, In perspective drawings parallel lines tend to

\,()Il\'l'l'!2.C' as thev receed from persons view while parallel lines remarns
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paru ll«! in other pictorial drawings. The two common tvpe s are the

"single point perspective" and the "Two point perspective"

ACTIVITY 4.13-1 :Sketching perspective (single point)

STEP I: Draw the front surface of the object. Fig.28a

1

Fig. 28a

STEP II: Select and mark a single vanishing point (VP). Project all

points on the font surface back to the vanishing point. Fig.28b

VP

Fig.28b

STEP III: Estimate the depth of the object and mark off on all line

__.....--::=~."V Pprojected. Fig. 28c

{

Fig. 28c
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STEP IV: Complete the sketch by outlining the exposed profile of the

rear surface. Fig.28d

Fig. 28d

ACTIVITY 4.14-1: TWO POINT PERSPECTIVE

STEP I: Layout the two point perspective frame the twopoint vertical

height and the two vanishing points (right and left) and the receding

lines. Fig. 29a

~ __~r-------------~--------------~~

Fig. 29a: Receding lines
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(A) Dashes or dots (8) Circles (C) Arcs (D) Rule

l STEP II: Layout the details of the object. Fig. 2gb

Horizon line

Fig. 2gb

The horizon line when positioned below the view provides a view of the

bottom of the object, and when positioned above shows the top.
ASSESSMENT QUESTIONS.

(1) The following are reasons for carrying out technical sketching

except. _

(A) To quickly put an idea on paper

(8) To develop a series of ideas for refining are new product.

(C) To develop and analyze the best methods for making a

product

(D) To determine thetype or instrument to be used.

(2) Freehand sketching is a method of making a drawingusing

_____ only

(A) Crayon (8) Colours (C) Pencil (D) Ruler

(3) ____ are used as guides for sketching straight or curve lines

(4) The first step in sketching a circle is _

(Al Marking off the radial distance of the circle

(13) Drawing a square through marked points
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(C) Drawing a rectangle through marked points

(D) None of the above

(5) The t\VO axes needed in sketching an ellipse are _

(A)

(e)

Upper and Lower axes (B)

Major and Upper axes (D)

Upper and Middle axes

Major and Minor axes

(C-)) How many types of sketches do we have? _

(A) 3 (2) 4 (C) 5 (D) 6

(7) The following are types of sketches except _

(A) Orthographic (B)Axonometric (C) Oblique (D) Quadrilateral

(8) The following are principal VIews of orthographic sketch

except _

(A) Top (B) Front (C) Bottom left side (D) Flat

side

(lJ) One of the following is not an axonometric projection _

(A) Isometric (B) Oblique (C) Diametric (D) Trimetric

(10) The size of isometric grid square used in sketching is _

(A) 5mm (B) 8mmm (C) 10mm (D)

l Sm m

( I 1) An isometric circle will give shape

(A) Perfect circle (B) Elliptical (C) Square (D) Rectangular

( 1::2) The depth lines of an oblique sketching receed atan angle of

(A) 300 (B) 600 (C) 45° (D)

75



(D) None of the above.

I (13) The first step in oblique sketching is _

(A) Layout the flat front surface of the object

(B) Block in the depth by drawing parallel lines

(C) Draw the horizontal, vertical and receeding lines

(14) The shape of round object in oblique sketching is _

(A) Elliptical (B) Round (C) Square (0)

Rectangle

(15) The two common types of perspective are _

(A) Single point and two point perspectives

(B) Isometric and single point perspective

(C) Two point and oblique point perspective

(D) Five point and six point perspective

<.
(16) When the horizon line in a two point perspective IS positioned

above the view, it provides a view of the of the object.

(A) Top (B) Right (C) Left (0) Bottom

ANSWERS TO ASSESSMENT QUESTIONS

1\ ) D (2) C (3) A (4) C (5) 0 (6) B (7) D (8) D (9) B\

(10) C (11) B (12) C (13) C (14) B (15) A (16) A

If you get at least 2/3 of the questions correctly go to the next

module, if no re study the module.
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3.1.5 Module 5-Dimensioning and notation

This module covers in depth the fundamentals of dimensioning and

notation. The areas covered include: specifying the scale (measuringsystems),

dimension elements, dimensioning features for size, dimensioning features for

position, rules for good dimensioning and notes.

OBJECTIVES

After studying this module you should be able to:

.:. Identify the various dimension elements and apply these elementsIII

technical drawing .

•:. Identify the measuring systems and use them in technical drawing

.:. Dimension features for size and position .

•:. Identify the various dimensioning rules and apply them m technical

drawing

.:. Put notes on drawings
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HOW TO STUDY THIS MODULE

Read through this module thoroughly. You should as you read, try to note the main and

important ideas. When you find an unfamiliar word, try and look up the meanings of such

unfamiliar word in Microsoft Word.

You should study this module step by step as they have been arranged for you You

must do the exerise at the end or the module. Do not try to look at the answers before

answering or attempting the questions.

At the end of the module answer the review questions that covers the topic before

proceeding to the next topic

DEFINITION

Dimensioning is defined as the process of defining the size, form and location of

geometric components on engineering drawings Notation is the process whereby needed

information not covered by dimensions is placed on a technical drawing.

ACTIVITY 5.0-1: TYPES OF DIMENSIONS

There are two basic kinds of dimesions used on drawings: "Size dimension and

Location dimensions".

ACTIVITY 5.1 - 1: SIZE DIMENSIONS: Are dimensions, which indicate the overall size

of the object and the various features, which
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,il

make the object. Parts are usually broken down into basic geometric

shape for dimensioning. Fig.30

ACTIVITY 5.2-1: LOCATION DIMENSIONS

Are used to show the relative positions of the basic shapes of an object

from some specified surface. Fig. 30

s S = Size
••• ~

L
~

L ~I

t
®I

+-, I
!

I

Fig. 30: showing Location and Size Dimensions

ACTIVITY 5.3-1: DIMENSIONING SYSTEM

The dimensioning systems used on technical drawings are the;

\1l'll·ic dimensioning, decimal inch dimensioning and fractional

d ime n sion ing. The metric svstem of dimensioning has been widely

adopted and is gaining favour worldwide.

ACTIVITY 5.4-1: Metric Dimensioning: When the metric system is

used, dimensions on drawings are given in millimeters, meters and

micrometers. The millimeter is the standard metric unit of measurement

on technical drawings.
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ACTIVITY 5.5-1: Metric Dimensioning Rules

(i) Dimensions which are less than unity (less than 1mm)

should be preceeded by zero "0". Fig. 31 a

(ii) When a dimension is a whole number, neither the zero

nor the decimal is required. Fig. 31 b

(iii) Digits in metric dimensions are not to be separated

into groups by use of commas or spaces. Fig. 31c

(iv) There should be consistency with the unit of

measurcrnen L.

(v) When a metric dimension consists of a 'whole number

and a decimal portion, the whole number is written

first, followed by the decimal point and finally, the

decimal part of the number. Fig 31d

(vi) The unit of the dimension should be indicated in the

tile block or ill a small rectangle below the part. e.g.

I dALL DIMENSIONS IN MM" I

(). l)

Fi\2.Jla

Fig. Jib
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I
~ -+5.7 ~I

-j--_. __ ._.J-, -, -, -, -, -, -, -"-' -,

I Fig. 31 d

Fi~ .. ~ 1 l'

ACTIVITY 5,6-1: DIMENSION ELEMENTS

t'\ standard set of components are recommended for use on technical

,!!: I\\'i nil,. These' com ponenr s include dimension lines, extension lines,

;IITOW heads, leaders and the recti numbers or dimensions.

ACTIVITY 5.7-1: Dimension lines

Dimension lines are thin lines with arrow heads at each end used to

iucl icn t e the distance being dimensioned. Dimensioning lines aredrawn

as thin lines using H or 2H,

Dimcn sion lines may be broken Cor the placement of dimensions.

.: !:...,'.

I

Fig.32a

54 ~I

Broken dimension lines to allow for the

placemen t of dimensions.
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'vVhere dimension line is not broken the dimensions are placed

above the line. Fig. Fig. 32b

I

Fig. 32b

,-- 77

l iirnc nsion figures should be properly placed on the drawings. Fig. Fig .

.', ..2c
10 10

Fig.32c

Incorrect
Correct

When dimensioning multiple features of anobject, dimensions should be

<tliglll'ci unifor mlv and not staggered or randomly scattered about the

object. Fig. 33

1:-

Correct
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Step 5

STEP 5: Join these marks with overlapping strokes. First from the right

sick of the circle from top to bottom, followed by the left side, the same

wav. Fig. 22e

Fig. 22e

Step 5

ACTIVITY 4.5-1: SKETCHING OF ELLIPSE (Fig. 2.3a produce)

A similar technique fore ir eleis used for sketching ellipses except that

the square becomes;'1 rccranglc.

STEP I: Locate the centre lines of the ellipseby sketching the major and

rrurior axes.

Fig. 23a.

I
I
I
I
I
I

Minor axis

Major axis
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STEP II: Dr3\\' the rectangle a rou rid the centre line. Fig. 23b

I

--- _'1. --- -
I
I

I
I

Fig.23b

STEP III: Sketch arcs where the centre lines touches the box.

I
I"
I

Fig.23c

STEP IV: Sketch the ellipseby joining these arcs.

I
I"
I

Fig.23d
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STEP VI: Darken all vertical lines to complete the drawing.

Figure 25d

Note: Circle in isometric sketching will appear elliptical.

ACTIVITY 4.10-1: TO DRAW A CYLINDER IN ISOMETRIC

PROJECTION

STEP: Sketch a box and add the centerlines. The t\VOends should be

squu rcs d rawn in isometric projection. Fig. 26a

Fig. 26a: Isometric Box
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STEP II: Sketch the circles at both ends. Fig. 26b

STEP III: Sketch in the sides so that they are tangential to the circles

and clean off the square. Fig. 26c

-- --

1

-
ACTIVITY 4.11-1:

Fig. 26c: Isometric Cylinder

OBLIQUE SKETCHING: Involves a combination

of a flat orthographic front surface with depth lines receding at an angle

of 45°.

Procedure: STEP I: Draw the horizontal, vertical and receding lines.

Fig.27a
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i STE~ II:
i

.... r

,r~"

!
!

_._ ... !- --.-

Oblique Sketching

icl.'·Uut the Ila t front surface of the object.

r

L. I - .I ------. - ---- ---- ---.- ·----1----1---1

Fig.27a
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STEP III: Block in the depth by drawing parallel lines. Fig. 27b

I !

I
I
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I
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I I /
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./ V
Y I I

I ! I i I

I

I I : ! I

I
;

i

~~ _"____ _ __' __ __'_ __'_ __ _'___ __ _'___ ........L __ __'

Figure fig. 27b Oblique Drawing

Ublique sketching allows round components to be drawn round

rather than elliptical.

ACTIVITY 4.12-1: PERSPECTIVE DRAWINGS

Are the type of pictorial drawings that most nearly represent what

lS seen by the eye. In perspective drawings parallel lines tend to

\_(II1\'l'l-ge ,'IS t hev receed from persons view while parallel linesremains
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pC\r~llkl in other pictorial dravvings. The two common types are the

"single point perspective" and the "Two point perspective"

ACTIVITY 4.13-1:Sketching perspective (single point)

STEP I: Draw the front surface of the object. Fig.28a

1

Fig. 28a

STEP II: Select and mark a single vanishing point(VP). Project all

points on the font surface back to the vanishing point. Fig.28b

VP

Fig. 28b

STEP III: Estimate the depth of the object and mark off on all line

Fig. 28c

projected. Fig. 28c
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STEP IV: Complete the sketch by outlining the exposed profile of the

rear surface. Fig.28d

Fig.28d

ACTIVITY 4.14-1: TWO POINT PERSPECTIVE

STEP I: Layout the two point perspective frame the twopoint vertical

height and the two vanishing points (right and left) and the receding

lines. Fig. 29a

'--_~------""Y'""-------_ J \1P

Fig. 29a: Receding lines
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STEP II: Layout the details of the object. Fig. 2gb

Horizon line

Fig.29b

The horizon line when positioned below the view provides a view of the

bottom of the object, and when positioned above shows the top.
ASSESSMENT QUESTIONS.

(1) The following are reasons for carrying out technical sketching

except. _

(A) To quickly put an idea on paper

(8) To develop a series of ideas for refining are new product.

(C) To develop and analyze the best methods for making a

product

(D) To determine thetype of instrument to be used,

(2) Frcehund sketching is a method of making a drawing US1l1g

_____ only

(A) Crayon (B) Colours (C) Pencil (D) Ruler

(3) ____ are used as guides for sketching straight or curve lines

(A) Dashes or dots (B) Circles (C) Arcs (0) Rule

(4) The first step in sketching a circle is _

(A) Marking off the radial distance of the circle

(8) Drawing a square through marked points
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(C) Drawing a rectangle through marked points

(D) None of the above

(S) The t\VO axes needed in sketching an ellipse are. _

(A)

(C)

Upper and Lower axes (B)

Major and Upper axes (D)

Upper and Middle axes

Major and Minor axes

(C-)) How many types of sketches do we have? _

(A) 3 (2) 4 (C) 5 (D) 6

(7) The following are types of sketches except _

(A) Orthographic (B)Axonometric (C) Oblique (D) Quadrilateral

(8) The following are principal Views of orthographic sketch

except _

(A) Top (B) Front (C) Bottom left side (D) Flat

side

(lll One or the following is not all axonometric projection _

(A) Isometric (B) Oblique (C) Diametric (D) Trimetric

(10) The size of isometric grid square used in sketching is _

(A) 5mm (B) 8mmm (C) 10mm (D)

15111111

( 1 1) An isorne tric circle will give shape

(A) Perfect circle (B) Elliptical (C) Square (D) Rectangular

( 1::2) The depth lines of an oblique sketching receed atan angle of

(A) 30° (B) 60t) (C) 4S0 (D)

75

-1



/ -
(13) The first step in oblique sketching is _

(A) Layout the flat front surface of the object

(B) Block in the depth bydrawing parallel lines

(C) Draw the horizontal, vertical and receeding lines

(0) None of the above.

(14) The shape of round object in oblique sketching is _

(A) Elliptical (B) Round (C) Square (D)

Rectangle

(15) The two common types of perspective are _

(A) Single point and two point perspectives

(B) Isometric and single point perspective

(C) Two point and oblique point perspective

(0) Five point and six point perspective

(16) When the horizon line in a two point perspective IS positioned

above the view, it provides a view of the of the obj ect.

(A) Top (B) Right (C) Left (0) Bottom

ANSWERS TO ASSESSMENT QUESTIONS

( 1) D (2) C (3) A (4) C (5) 0 (6) 8

(lO)C (11)8 (12)C (13)C (14)B

(7) D

(IS) A

(8) D (9) B

(16) A

If you get at least 2/3 of the questions correctly go to the next

module, if no re study the module.
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3.1.5 Module 5--Dimensioning and notation

This module covers in depth the fundamentals of dimensioning and

notation. The areas covered include: specifying the scale (measuringsystems),

dimension elements, dimensioning features for size, dimensioning features for

position, rules for good dimensioning and notes.

OBJECTIVES

After studying this module you should be able to:

.:. Identify the various dimension elements and apply these elements m

technical drawing .

•:. Identify the measuring systems and use them in technical drawing

.:. Dimension features for size and position .

•:. Identify the various dimensioning rules and apply them m technical

drawing .

•:. Put notes on drawings
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HOW TO STUDY THIS MODULE

Read through this module thoroughly. You should as you read, try to note the main and

important ideas When you find an unfamiliar word, try and look up the meanings of such

unfamiliar word in Microsoft Word

You should study this module step by step as they have been arranged for you. You

must do the exerise at the end or the module. Do not try to look at the answers before

answering or attempting the questions.

At the end of the module answer the review questions that covers the topic before

proceeding to the next topic

DEFINITION

Dimensioning is defined as the process of defining the size, form and location of

geometric components on engineering drawings. Notation is the process whereby needed

information not covered by dimensions is placed on a technical drawing.

ACTIYITY 5.0-1: TYPES OF DIMENSIONS

There are two basic kinds of dimesions used on drawings: "Size dimension and

Location dimensions".

ACTIVITY 5.1 - 1: SIZE DIMENSIONS: Are dimensions, which indicate the overall size

of the object and the various features, which
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make the object. Parts are usually broken down into basic geometric

! shape 1'01' dimensioning. Fig.30

ACTIVITY 5.2-1: LOCATION DIMENSIONS

Are used to show the relative positions of the basic shapes of an object

from some specified surface. Fig. 30

s S = Size
~ ~

L +--- L ~I

t
®I +-,

I

Fig. 30: showing Location and Size Dimensions

ACTIVITY 5.3-1: DIMENSIONING SYSTEM

The dimensioning systems used on technical drawings are the;

\1('[ ric dimensioning, decimal inch dimensioning and fractional

ci imcn s io ning. The metric svstern of dimensioning has been widely

adopted and is gaining favour worldwide.

ACTIVITY 5.4-1: Metric Dimensioning: When the metric system is

used, dimensions on drawings are given in millimeters, meters and

micrometers. The millimeter is the standard metric unit of measurement

o n tcch n ica! drawings.
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ACTIVITY 5.5-1: Metric Dimensioning Rules

(i) Dimensions which are less than unity (less than 1mm)

should be preceeded by zero "0". Fig. 31 a

(ii) When a dimension is a whole number, neither the zero

nor the decimal is required. Fig. 31 b

(iii) Digits in metric dimensions are not to be separated

into grou ps by use of commas or spaces. Fig. 31 c

(iv) There should be consistency with the unit of

measurcrnen l.

(v) When a metric dimension consists of a whole number

and a decimal portion, the whole number is written

first, followed by the decimal point and finally, the

decimal part of the number. Fig 31d

(vi) The unit of the dimension should be indicated in the

tile block ur ill a small rectangle below the part. e.g.

I dALL DIMENSIONS IN MM" I

(J. ()

FiLl. 318

Fig. 31 b
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,... ~()57 --.j

1

~ -+5.7 ~\

-j--_. __ ._j_. _. _. _. _. -' _. -I-. _.

I Fig . .31 d

ACTIVITY 5.6-1: DIMENSION ELEMENTS

A standard set. of components are recommended for use on technical

tlr:l\\· ing. These' components include dimension lines, extension lines,

a r ro w heads, leaders and the real numbers or dimensions.

ACTIVITY 5.7-1: Dimension lines

Dimension lines are thin lines with arrow heads at each end used to

iud icau- the distance being dimensioned. Dimensioning lines are drawn

as thin lines using H or 2H.

iJil11L'11Siun lines may be broken for the placement of dimensions.

.: ! :...~.

I

Fig.32a

54 ~I

Broken dimension lines to allow for the

place menL of dimensions.
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Where cfimension fine IS not broken the dYmension<s are'P1:a'Ce'C.

,Ibovc the line. Fig. Fig. 32b

\

Fig. 32b

I"
77 ~I

l)iIlll'nsion figures should be properly placed on the drawings. Fig. Fig.

,',.2 c

Fig. 32c

]0

Incorrect

When dimensioning multiple features of an object, dimensions should be

dlignL'c! un ifor rn lv and not staggered or randomly scattered about the

object. Fig. 33

1:-

IIIClllTl'Ct Correct

82



When several views of the same object are being dimensioned as in

orthographic projection, dimensions should be placed between the views,

with length, height depth and overall size of the object included. Fig.34

I~ Deoth ~I

l

- -
Heiuht

~

,1.e'''CIIl --~

~

....• ---

c

Fig. 34
Between
views

There shou ld be enough gap between the object and the dimension lines

; Inei betwee n successive dimension lines. The first dimension line is

,::';li;\II\ SP:ICl'c! lU to 25mm Irorn the outline while successive dimension

:::It'S sho ulc: have at least 5111Ill between them. Fig.35a

~~ }4---~

____ I I~+-- At least l Omm

. .~ Outline

)I1lI1lgap

Fig. 35a

The shortest dimension should alwavs be placed closed to the

object. Fig. 35b
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)O I 80
~Q__'" 30

r-~

I I 'I 1 -_' I

~I

111CllITl'Ct Correct

Fig. 35b

ACTIVITY 5.8-1: Arrow Heads

Arrow heads are used at the ends of dimension lines to show where a

dimension begins and ends. Fig.36. They are also used at the end of a

lead or to show where a note or dimension applies to a drawing. Arrows

hc.id s C<-1Il be open or solid.

.\ )
incorrect

c

>

Other typesor arrowheads

~ 1/3 of length

~--~~ 3111111

Fig. 36: Extension Lines

Extension lines are thin lines that extends from the outline of the

(,]Jjn·t ThL'.'· arc used to locate center points and to provide space or

( i I I I I\.· I IS i()11 I i 11L's. F'ig . 3 7
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Extension lines should not touch the view because they are not

part of the view. There should be a visible gap of 1 to 1.5mm between

i he o bjcc: and the beginning of an extension line.

An extension line should extend about 3 - 4mm beyond the last

r iirnr-n s io n line

I•• ~- 3111111above the last dimension

..-----,~~r
Io-~T

1.5111111 gap

i:ig. :17:- Extension lines

ACTIVITY 5.9-1: Leaders

Lcudcr s are thin, straight lines that lead from a note or 'dimension

to a feature on the drawing. Fig. 38a

2xR Smm

I Ift -C7.
Aluminium

i.C;lc!CI· 111 line with
ci rc k cc n tcr but not
.xtcuded into the
circle center

Leader terminating
on surface with dot

Fig.38a: Proper use of leaders
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Leaders lines are drawn at an angle of between 300 and 600 Fig. 38b

~ 4111111

Max = Maximum

Min = Minimum

Fig. 38b: Angle of a leader line

Leader lines should not be drawn parallel to extension or dimension

lines. When placing a dimension and / or note at the end of a leader, it

is .idvisa ble to letter from the leader than into the leader. Fig. 38c

o I:)

I':~IS\'
Not casv

Fig 38c

Dimensional notes - These are notes used to describe SIze or form such

L-IS specifying holes, chamfers and threads. Fig. 38d

------ Chamfer l O x 45()

I

Y
Ie) Drill

2 Ilnlcs
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Fig. 38d: Dimensional notes with leaders are used to provide additional

ill lo rmn t inr: not communicated elsewhere.

ACTIVITY 5.10-1: Dimension Figures: All lettering should be perfectly

lq ..',ii)k in order to save time and prevent costly mistakes.

Guidelines may be used for beginners.

Dimension figures should not be over crowded. Where

there is limited space a practical and effective method

is used. Fig. 39 a-e.

a b c

2.5

cI
e

Fig. 39 Dimension figures. At "a". There is enough space.

!\Il numerals are 3mm high. Fig. 39(D

Fig. 39f

-l7 ~ ,mm high

- All decimal points should be bold with enough space.
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- Dimension figure less than zero should be preceded by zero e.g. 0.5.

- Where the dimension figure exceeds a whole number by fraction of a

millimeter. the last digit to the right of the decimal point is not followed

in /.l'I"l) except w he n expressing tolerances. Fig. 40a

Example
\.60

Fig.40a

Incorrect Correct

Dimension figure should not be lettered over any outline on the

drawing. Fig. 40b

k- .~()-.'

D
W I'lll1g Correct

Fig. 40b

Dimension figures should be placed outside a sectional area but if

(,()Illpulsor~! that it must be placed on a sectional area, an opening must

1)(:.'IdL in the section lining for the dimension figure. Figure 41

I·kst Acceptable Wrong

1171
88



Staggered DimensionACTIVITY 5.11-1:

In a group of parallel dimension lines, the numerals should not be

sl~lckecl lip on above the other. Figure 42 (a) but should be staggered as

in (b)

20 30 40 50

y

Fig. 42a (a) Wrong

Figure 42b Staggered numerals.

3D 50
40

(h) (·(1ITt'CI

ACTIVITY 5.12-1: Aligned or Unidirectional Dimensioning

Systems

The aligned dimensioning system figure 43a is a system in which

the dimensions are aligned with the dimension lines so that they can be

read either from the bottom of the drawing sheet or from the right hand

sick.
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The aligned system IS difficult to read and should be avoided if

~I'-'" -
/'

.1()

Figure 43a Aligned system

30

___ .1{)_~_"""'~5

Y
15

I
Figure 43b Unidire ct.ional system

t Inidircctional svsrern figure 4lb is a system in which all dimensions are

wri u.cn so that they can be read from the bottom of the drawing sheet-

Dimension lines that appear at unusual angles are best dimensioned

Llsing the unidirectional dimension svstern figure 43c

~5

~150~
"7 ~ ~-10

Figure 43c: Unidirectional ~/

dimensioning system for an unusu I angles. 7

I ..•
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Activity 5.8-1 Specific dimensioning systems

Abbreviations and dimensioning symbols

Square (In a note) SQ

Square (Before The Dimension) D

Diameter (Before The Dimension) -0
Diameter (In A Note) DIA

Number of Time Places 2X

Deep or Depth ••
Radius (Before The Dimension) R

Countersink x.>

Counter Bore Or Spot Face U

Centers CRS

Material MALT

Figure FIG.

Counter bore C'BORE

Pitch Circle Diameter PCD

Across Flats AlF

Across Corners AlC

Round Head RH

Spot Face SF

Reference Dimension ( )

Slope r:---:-----....

Conical Taper ~

Arc Lenzth
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Spherical Radius RS

Spherical Diameter SQ

Hexagonal Head HEXHD

Right Hand RH

Left Hand LH

Threads Per Inch TPI

Outside Diameter OlD

Inside Diameter lID

Number NO

Center Line C

Chamfered CHAM

Counter Sink CSK

Millimeter MM

Centimeter CM

Meter M

NOTE: Full stop is not used for technical drawing abbreviations unless the

abbreviation makes a word e.g. NO. or FIG.

Dimensioning Chords, Arcs and Angles

Chords. Arcs and angles are dimensioned in a similar way fig.

When dimensioning a chord. The dimension line should be perpendicular and

the extension lines parallel to the chord. Figure 44a

Figure 44a Chord dimensioning
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- When dimensioning an arc the dimension line runs concurrent with

t.hc <lIT curve, while the extension lines are either vertical or horizontal.

The arc symbol is placed above the dimension Fig. 44b

Arc Symbol

Figure: 44b Arc Dimensioning

WhL'll d irnc n s.oriing cl ]] <.11lgle, the dimension line IS a circular arc

having its center on the point of the angle. Figure 44c. Angular

dimensions are given 111 degrees, degrees and minutes or degrees,

minutes and seconds depending on the accuracy required. Angle less

I h;ll1 (JIll' degree should be preceded by00.

0" 20'

Fig. 44c

IS' 20"

Degrees Minutes Seconds

NOTE: AnguL.1r measurements may also be stated in decimal form .

.'\I! t l i. u IS ne-eded to know is that 60 seconds make1 minute and 60

r n in t r t cs m.i kc 1 degree.
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ACTIVITY 5.14-1: Dimensioning Circles

Complete circles are dimensioned by their diameters. Figure45

The dimension is preceded by the symbol ~ meaning diameter. Circles

must be shown with two center lines.

n

Fig. 45: Dimentioning Circle.

Lender pointing to center or circle

ACTIVITY 5.15-1: Dimensioning Radius: Radius is dimensioned

uSIng a dimension line which passes through or is in line with the arc

center. Figure 46a-e The dimension line carries one arrowhead only and

are placed inside the Radius except for small radius.

R 20 ~

:::::

(a) (b)

R5 ~ R2

~(c) (d) Small Radius

I
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(el

55 .;

R30

~

Fig 46 a - e: Dimensioning Radius

For sm811 radius a note m8Y be placed at the title block or bottom

(ll" ih« d ruwing thus:

Note: All Unspecified Radii = 2mm.

ACTIVITY 5.15a-1: Fillets and Corner Radii: Fillets and corner radii

are dimensioned by a leader. Figure 47 or a small note where there are

l.uge number of fillets or rounded edges of the same size on a part.

RO.70

R 1:2.7

Fig. 47: Dimensioning fillets and corner radii

ACTIVITY 5. I ()-l : Hidden Features: Dimension line should not be

,!I';I\\'II III hidden feature in a drawing except in an exceptional cases

::-;lIch u s purtial view where there may be no other view for dimensioning.

A section view should be used. Figure48
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1
20

Wrong Right

Fig.48 : Dimentioning Hidden Features

ACTIVITY 5.17-1: Dimensioning Irregular Curves

Irregular curves (especially symmetrical curves) may also be

dimensioned using coordinate dimensions from a specified datum.

Figure 49

i3.04 ~I I
'2.8

4 50 t 1.7

--'------t- ••.~---5_71---- ---"II,---U J

.~..~ I

~I6.001J~111l111

Figure 49: Dimensioning Irregular Curves.

ACTIVITY 5.18-1: Dimensioning Chamfers

Chamfers are dimensioned in a varietv of wavs depending on the
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(c)

•.

( " )

i'iglll " l':-() a -l': I>illll'nsiolling Chamflors(d & c Internal Chllmfel-9

Chamfers should never be dimensioned along their angular surfaces

ACTIVITY 5.19-1: Dimensioning Necks and Undercuts

Necks and undercuts are recessed cuts into cylindrical parts.

Figure 51a- d ,,---.07 widex 0.4

•••---~--------------------------------.,---lED Dp. Under cut

-JI~
~~--------J{]stlD

(b)
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(C)

•: ~ 15
T

Fig. 51: Dimensioning neck and undercuts

q) 50

Fig. 52 Dimentiqninq keyways
Exterior Size

Note that both size and location dimensioning are required to

ACTIVITY 5.20-1: Dimensioning Key Way

:-;I/L'

Si/x: --

[ .ocaiion

To bottom or key way
--P~-~

t
1

Size

Fig.52a .

Size

Loc ati 0 11_-f-----l.

To top of key \\01y

Fig.52b

(b)

ACTIVITY 5.21-1: Dimensioning Tapers - Conical and Flat. Fig. 53
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-II
;---- )

\
. )----------- -- ...---- --y -w so

y

~----------~ ~I()Dimensioning Round Tapers

,... 40---'~'

Flat Tapers
Fig. 53

ACTIVITY 5.22-1: Dimensioning Features for Position

Position dimensions specify the location or distance relationship of

(JllL: Ica t ure of '-I pa rt with respect to another feature or datum.

(a) Point to Point Dimensioning: This IS widelv used for

dimensioning locations usually for simple parts figure .

t
I

----- 40

t
20

I y•••

: 20 ~ •••
-to ~I7:;

Figure 54: Point to Point Dimensioning.

(B) Rectangular Coordinate Dimensioning
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Is used in locating holes and other features that lie in a

rectangular or non-circular pattern. These dimensions are usually at

righ t angle to each other and from a datum plane figure 55.

..f.5
_._._._.~.$ 0:t r-- -~...:.·-i-· .$

40 f-·-$ I I

1.0 I I :
I I I

I I
I I
I I

----~~~I :

~------------- 4.1 ~I

5.0

5.00

Figure 55: Rectangular Coordinate Dimensioning Datum and

Centre Lines

(C) Polar Coordinate Dimensioning

Is used whe n holes or other features to be located lie in a circular

or radial pattern. Figure 56. Both radial dimensions and datum planes

can be used in polar coordinate dimensioning ..

»o"

DATUM

~\
~/.

/.
/.

/.
/.

Figure 56: Polar Coordinate
Dimensioning

()
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ACTIVITY 5.23-1: Dimensioning Cylinder

There are two methods of dimensioning a cylinder. The first

nut hod is when the longitudinal view and the end view are given. Figure

;, / <1. I n this method the length is shown in the longitudinal view while

the diameter IS ShOV-'11between the longitudinal VIew and the end VIew.

In the second method the end VIew IS left off. Therefore, the two

dimensions are applied to the longitudinal view. Figure 57 (b)

a

Figure 57: Dimensioning a Cylinder.

Note: The diameter is always specified and not radius when

climensioning a cylinder.

ACTIVITY 5.2-l-1: Dimensioning Square

The length dimension is applied to the longitudinal view while the

!ll'ight dimension is placed between the longitudinal view and the end

\liQW ,111(1 PI"','Cc!cd bv the square svrnbo l. Figure 58

~~[~~~~~ ~.--~~~--J-~~
~Ixu

Fiuurc :,S: Diml'nsioning a Square
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ACTIVITY 5.25-1: Dimensioning Cone

A cone is dimensioned by showing its altitude in the view where

ih« co ne appears as a triangle and showing the diameter of the base

I)l'l \\'L'l'll the top view and front view, The frustum of a cone is

dimensioned by giving the diameter between the top and front view, and

both heights in the front view where the cone would appear as a triangle,

Figure S9a shows the various dimensioning of a cone.

Figure 59b shows the dimensioning of the frustum of a cone while fig 59c

illustrate how to dimension a cone that is cut-off at an angle.

14--- (!>:; 0 ----.

b
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Fig. 59: Dimensioning cone

c

ACTIVITY 5.2(j-l: Dimensioning Prisms

/\ prism is usuallv dimensioned intwo or more places depending

on the type. Fig. 60

W

D

H

Width

Depth

Height
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A

B

IL--- __ \~

1~, ~4~O~ ~~1
60

Fig. 60b Square Prism.

Only two dimensions are

needed!,'igure 60a: Rectangular Prisms.

.\ ITrlallgular Prism need .3 dimensions

S. AF = Distance Across Flat

Octauonal Prism:::

Fig 61: Dimensioning prisms

104

40

.x.;
Triangular Prism



ACTIVITY 5.27-1: Dimensioning pyramids

\ p\T~II11idis dimensioned bv showing the height in the front View and

thc dimensions of the base and the center of the vertex in the top view

figure 62a. If it is a square base pyramid it is only necessary to show the

base dimension on one side of the base in the top view and to indicate

that the base is square by using the appropriate symbol. Fig. 62b.

i~O

y

15

B
1

1
<, I

-:

cp tlO
/" 1

<, Y

c

1

301

Fig. 62: Dimensioning pyramids
c Truncated
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ACTIVITY 5.28-1: Dimensioning for Holes

I:igll rv il."': Dillll'nsioning for Holes. ThL'SL' arc various holes produced during drilling. reaming.

<1>40

I - '<1 >40

(1T5~

.\

~

_~ _ Ih ..Hl U

. '. _ .. --
, I
I 'f 10I ..

<l>4R

V 0.70:\ 87(1

B

-@
\

-@)-
~_-S:7'I---/

~

F

E
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41.-)

u ~.70

(h70

G

Fig. 63: Dimensioning Holes

ACTIVITY 5.29-1: DIMENSIONING CONCENTRIC AND NON

CONCENTRIC SHAFTS

The three methods used for dimensioning concentric and non-

(i) Chain Dimensioning. Figure 64a

r

,1_11---
+ 5 ~I~) )

•..

Fig. 64a

107



r

108

Dimensioning Concentric and Non Concentric. Shafts

[il) Du t.u m o r base line dimensioning Fig.64b

I
•

I
I~ :- JI

I
I

':
I () ~ ~I15

~ 70

25
,~

Fig.64b

(i) Datum dimensioning combined with a reference dimension.

Fig. 64c

(15.0~

Reference Dimension

I~ I()()

~~

7.5

9.5

~ 11.0 ..~ po

"igure. 64:

Fig. 64c



Reference dimensions are indicated on a drawing by enclosing in

parentheses.

ACTIVITY 5.30-1: Machining Symbols

Machining symbols are used for specifying the type of surface

finish lU be applied to any machined surface. Figure 6oa-e.

The small tick in 65b only indicates that the particular face has to

Ix' machined. The degree of smoothness is not specified.

III CJ:Jl' bo t h ihc fi n is lr j nt uk and the special process to produce the

surface are specified.

Machininu symbol~

\/ 60u

,.

Note: Finish mark must be repeated in every view where the surface

appears as an edge, even as a hidden line
LAP

0.2

r h) (c)
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A
"

d

Fig. 65: Machining Symbol
e

ACTIVITY 5.31-1: TOLERANCING

A tolerance IS the total amount of variation permitted from the

design size of a part. Tolerances may be expressed as limits (upper and

lower limits). The upper and lower limits are calculated by adding or

su btracting the allowable tolerance to or from the nominal size as the

l.'~lS(·' m a v hp rip- nn

(:1) SI1:ti'tlimit (b) Hole limit

AIIO\\:1bk tolerance = I 0 upper limit 330

I.ower limit 310
'::l)lllll\\l'l" limit

Fig 66: Tulcru ncc Drsigll of a Size Part
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FIT S ~lre Lhe degrees of Ligh tness or looseness bet\\'een mating

pans,

ACTIVITY 5.32-1: Types of Fits

(i) Clearance Fit:- Is the one in which there is space remaining after

milling P8rLS have been assembled (positive allowance).

Iii) Interference Fit: Is the fit in which the internal member is lager

,\1:1" ,i;,' external member.

(iii) Transition Fit: Is the fit in which the result might be either a

cle8r8nce or an interference fit after mating parts have been assembled,

ACTIVITY 5.33-1: DIMENSIONING RULES

(1) Apply dimensions in a way they will not be misinterpreted

1.li I llllll.'11Si()ll lines should be dl'8wn in thin line,

l3) DilT1ension should be placed on visible outlines rather than hidden

lines.

(4) Dimensions should be placed between the view s to which thev

relate and outside the outline of the part.

(S) A gap of 1.Smm should be left between the object and extension

line The extension line should also extend bevorid the dimension

line 8pproximately 3m111.
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Inj .·\void cros smg dimension lines with extension lines or leaders

.vhe never possible.

(r) Di me n s ion s should 1101 be du pl ica ted

(8) Each dimension should be stated clearly for easy interpretation in

one way.

(9) Avoid placing dimensions on the part itself

(10) Crowding of dimension lines should be avoided. The gap

between the first dimension line and the outline should be at least

IOmm and 6mm for successive lines.

t i I) Alwav s dimension from a finished surface and. not from a

rough surface

(12) Show dimensions between surfaces or points that have a

functional relatioriship.

(i .l) A cc n t e rli ne max be used as an extension line.

(14) Cen terlines should not extend from view to view.

(1::1) Leader lines should point to the center of a hole or circular

kc\ t LIlT.

(II)) Leader lines should be straight and broken at precise angles,

They should never curve.

(17) Avoid unnecessary or redundant dimensions,
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ACTIVITY S.3-t-l: NOTATION

\"hell elll the information needed in a particular drawing cannot be

l'uml11ul1icClled graphically notes are used to communicate or clarify the

designers'interest,

Notes are brief carefully worded statements placed ondrawings to

cUllvey information not covered or not adequately explainedusing

drawings.

ACTiVITY 5.35-1: RULES FOR APPLYING NOTES ON DRAWINGS

Noles should be placed horizontally on the drawing sheet.

Figure 67 Undercut

~I---- 5()-----<~~: /6,64:-.: RIO

-
f-

f-
L-

Correct

:2<\)25 T ThrouuhT ~

I" ','ITl'\.'1
Figllrl' ()7: Notes Placed Horizontally

or,
\-- __ 01

-e-

Wrong: Note wrongly placed

Fig. 67: Methods of Applying Notes on Drawings
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C;L'llL'l"dlno te s should be placed directly above the title block with

t hc first note placed directly above.

The title block followed by the first, second, third etc. Table 2

Starting the numbering from the bottom will allow additional information

to be added when necessary.

!4

;.,

~------1i-----1--
I

I QUANTITY

FOR NOTES

------ i-6ESCRI PTION
I

TITLE BLOCK

i-TYPE OF I '

iJI<AWINC3 '
,. ----_.__ ..------

Detail notes should be located as close as possibleto

the detail they are describing and connectedto it by a

leader line.

Notes should be appliedto drawings when all drawings

have been completed. This prevents notes and

drawings from overlapping and minimize other errors

on the dra-ving.
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ACTIVITY 5.36-1: TYPES OF NOTES

Thl' \WI) basic tv pe s of notes use in Technical Dra\\'ing are:

General Notes:
Are broad items of information which have a

project wide application rather than relating to just one single

elemen t of a project or part. They are usually placed immediately

,.,hove the title block and numbered sequentially. The type of

information placed in general notes are information like finish

speciric~,ti()ns,standard sizes of fillets, rounds and radii, hardness

\\ 's III '1~ III S L r uct ion s, ('u.

(ii) Detail Notes: Are specific notes that pertain to one particular

element 01" a part. They are placed as near as possible to the

element to which they apply and are connected using a leader line.

Detail notes should not be placed on views. Figure68.

\\Tong

Fig. 68a: Detail notes

Correct

1
I
I

-ffi
\ \

\.- ~IO
Through

The most widely used lettering for notes is gothic upper case [capital

klL\::riI1g) c',g, NOTE ALL DIMENSIONS IN MM.
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SF -

FAB

ASSY -

FAO

Abbreviations should be clearly stated in a legend to
can

ensure t hai all readers / interpretes the abbreviations

constitientely and correctly. e.g.

Spot faced

Fabricate

Assembly

Finish All Over

Nl)tes contclining more than one, sentence should be punctuated to

!,11l)'" where a se n t.ence ends and where another begins.

Notes should be jotteddown first and properly verified before they

are placed on drawings.

Sample Notes

All unspecified radii R4mm.

45 degree chamfer all edges

All Fillets arid rounds R3mm

6 notes t'qu<11ly spaced.

Heat treat

CBORE from bottom.

116



ACTIVITY 5.~H-l: CONSTRUCTION AND READING OF PLAIN AND

DIAGONAL SCALES

Drawings are usually made full size, but when this is not possible

I Ill' dl',!\\'iJlg must be made to<'I uniform scale, If the size of the object is

<IJ'~l'I' th a n the drawing pa pe r a reduced scale has to be used so that the

finished drawings will be in proportion to the object, When the size of

the object is so small and enlarged scale is used,

The scale used in a drawing is usually in the title block as a ratio

()J' re pre se n taive fraction (RF),

Ir~I~') = distance drawn
iiiS\;111('(' r('pJ'CSCJ1\('ri

i,'\)J cx.u up!« "I scale of 50mm to 1m simply means that a line of 50mm

I()ng wi ll represent 1m on the object to be drawn

R, C = d.istance drawn

Distance represented

The ration is 1:20

Enalargement scale Full size , Reduced size

, '---_ ..,------------------------------
j . I \\'JlT I: 1 full size 1:2 half full size

I U ten times full size

I 1:5 one fifth full size:>: I rive Limes Cull size

1: 10 one tenth full size

1: 15 one fifteenth full size

:2U: I iwe n ty limes full size 1:20 one twentieth full size
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When an object is easy to draw, the scaling is often done by

calculation. If the object is not an easy one to produce on the paper, it is

quicker to use a scale ruler or to construct a scale for the purpose of

rcd uci ng or enlarging the dimension.

There are two types of scales.

(i) Plain scale

(ii) Diagonal scale

Each or these can be a reduced, full size or enalrged scale.

ACTIVITY S.3Sa-l: PLAIN SCALE

This t vpe or scale has two units of measurements e.g. centimeters and

metres.

Fig. 68b: To construct a scaleor 50mm equals l m to read up to 6m in

Centimeters.

_ Draw a horizontal line to the required length in this case it is

50 x 6 = 300mm.

- Divide the line into 6 equal parts

_ Draw vertical lines from each of these points and complete the rectangle

~IS shown in fig 68b. The length of the sclae can be any convenient

_ Divicle the first or end division on the left into ten equal parts in order

i(} show parts ofCI metre in portions equivalent to l Ocm (0.1 m)
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- Write "0" at the end of the first division as shown in figure 68b

- Number the metres in this case 1 - 5 in large figure

Number the decimal parts with small figures as 25cm (0.25cm) 50cm,

(0.5m), 75cm (0.75m)

I ()()
-+ -+ III I.'iO ~.---()------------------~.

~/o 1 2
.., -+ 5.)

No t« r , w C1 rec
Fig 68b: Plain scale

The

\\'lwlc n umbcr is counted to the right of zero while the decimal partIS

.'\IJ()thcr t.hirig LO note IS that the scale can be constructed in other units

SII,'" ;IS dccirnctc rs and metres, centimeters and decimeters, etc.

ACTIVITY 5.38 b-!: DIAGONAL SCALE

T!u cldvcll1tClgl' or diagonal scale over the plain scale is that the

cij;lgull,li scale can be used to much finer limits than plain scale, but take

longer time to construct and must be drawn to accuracy.

l--'ig, 68c: To co n s truct ,) diagonal scale of 4cerinrnetre s. Equal 1

metre to read up to 5 metres in decimeters and centimeters
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PROCEDURE

- Draw AS 20 centimetres (4x 5) long and divide it into 5 equal parts.

- Dr~I\\' vertical from each of these points and complete the rectangle

- Divide the first unit into 10 equal parts.

Divide the perpendicular AC into 10 equal parts. Draw horizontal lines

Irorn these units equal in length to the full length of the scale. The

horizontal space must be equal

- Transfer the 10 divisions of the first unit onAB to the top line and draw

di~\g()nClls or o nc unit slope.

f.4
OJ
.jJ

OJ "
E.",
.jJ

c
(l)

u

337 centimetres ~I<II

l D
I I I I I

i I I \ '\ \ .\ '. '
i-\-\ \ \ \h- .: . , \ \' 1.\I ~ . \ \ \
I' .. '--'--r-\-

" \
' . \i . "

I~\-\ \ \ \ \ \
\ \

\ \ \ \ \ \ \ \
\ \ \ \ \ \ \

\ \ \ \ \ \ \
\ I \, \ ,\ \ \

1\ I I I 8
()

A I() X 6 '-I o ~
-'

I )\.'Cillh:trcrs Metres

Fig. 68c: Diagonal scale

~'>!()Il' 111m the reading is taken [rom the right hand side to the left hand

side 011 the horizontal dimensions while it is from the bottom to the top

on the vertical dimensions.
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_ Always remember that the vertical height of any scale, plain or

diagonal does not affect the horizontal dimensions.

ASSESSMENT QUESTIONS

____is the line used to show where a line begins and ends

Note line (B) Dimension line (c) Location line(A)

(0) Symbols

2. Another name for size description is -----

(A) Symbols (B) Note (C) Dimensioning (D) Alignment

3. The dimensioning system in which the numerals are placed in line

____ system.with the dimension lines is called

(t'\ ) Uniclirectional

84

(B) Aligned (C) Co-ordinate (0) Metric

The two basic kinds of dimensions are and

Size, Inches(A) Me uic , Inches (B)

(8) Location, Metric.

5. Angles may be dimensioned by degrees minutes, and seconds or by

Size, Location (C)

____ angles

(A) Met ric (8) Inches (C) notes read from the

Uecima! (D) Aligned

lJ. When all dimensions are read from the bottom of the sheet, the

...__ dimensioning s~'stem is used

7.

(A) Aligned (B) Location (C) Metric (D) Unidirectional

The symbol for diameter is (A) A (B) ~ (C) K
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8. The dimensioning symbol for counter bore is __

(A) Y. '. (B) B (C) U (D)

lj Till' abbreviation for counter sink is __ (A)
(B) e (C)L1 (D) CSK

:1). The amount by which the accuracy of a part may vary from the

u hso lute measurement is called-----

(/\) Datum (8) Reference (C) Tolerance (D) Expansion

( 1)

ANSWERS TO ASSESSEMENT QUESTIONS

(2) C (3) 8 (4) B (5) C (6) 0 (7) B (8) C (9) A
8

\ lU) C

PROBLEMS

(1 ;\) Slate the function of the follo\\· ing drawing instrumentS and

:l1:\\L'I!~\ls.

(A) Compass (B) Protractor (C) French curve (D) Divider

(E) Cello tape

(1 b) Sketch the follO'vving drawing instruments (i) French curve

(ii) TCL'-square (iii) Adjustable triangle (set square)

(2a) Letter the alphabet in capital letter in 3mm and 6mm characters.

USl' ~uide lines and keep character width and spacing consistent.

(J i)) Letter the following dimensions in 6mm figures

0.55 4.27 543 2280

('2c) Letter the figures up to 9 in 3mm, 6mm and lOrnm characters.

(3) On 'A' size plain paper draw:

122



l

(i) Boarder line

(ii) Title block corner or full-length title block with the following

information: Name, School, Type of Drawing, Scale and Date,

l-t) Di\icle the plain sheet in question one above into 4 equal rectangles

following:

Rectangle no 1

,\ (i) Horizon tal and vertical lines ('scm long)

(ii) Circles of radii 20m and 30mm

Rectangle no 2

I) Ellipse with major axis lOOmm and minor axis 7'smm

Rectangle no 3

c. Sketch the following views using square method, assummg

the squares to be lOmillimetres each,

\~ 50 ~\
I TII 60 :2(t

.z, ~

Rectangular no 4

i l . ~kt'ICh the blocks shown below in isometric projection on an

!Sllllh:lric g,l'icl, a ssurnirig the isometric squares to belOmillimeters each,
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Make an oblique sketch of the following blocks using squared method

"<,

I (J ___ -- •• ~--,Il---

~
40

50

40

Y
e-

)()
~

70

Draw aJ: dimension the IObjects stown :°elO"~ each drawing
:J.

;lg,linst the rules for good dimensioning. Letter the title of each object

\ H .!< <\\ ! 11,-' uiJjCCL. Assume clppropriate dimension

+\- - -'-'-'-"

-'- -4>- -4r
Pressure regufator Flange, Water inlet
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3.2 Lesson Two - Geometry

This topic discuss ill detail the technique associated with geometric

construction. whic.i Blust be thoroughly mastered. The various procedures in

this topic are used in solving all drawing problems. The topic covers both the

plane and solid geometry. It is grouped under 8 modules. Review questions

are presented at the end of each module as self-assessment questions for the

students.

These modules are;

Module I: points, lines, angles and triangles

Module 2: arcs, circles and tangents.

Module 3: quadrilaterals, polygons and areas of plane figures

Module 4: loci part I (ellipse parabola and hyperbola)

Module 5: loci part 2 (cycloid, hypocycloid, epicycloids, involutes and

Archimedean spiral)

Module 6: loci part 3 (Link mechanism and helix)

Module 7: development

Module 8: intersections
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HOW TO STUDY THIS TOPIC

Study each module separately

,!, Read the module you have chosen thorough quickly to get the main

idea.

':'As you read through the module underlinein pencil any word you find

d i ITicul t .

\V!';!(' rIOWl1 rh-: appropriate meaning of the underlined words111 your

notebook.

,:--;lli\i\ . h ,: mod ule by carefully reading though it step by step.

;isst'ssmClll question at the endor the chosen module.

* Make sure you practice each drawing using the drawing board

'" Remember to answer the questions for each module as you read. along

':' Do not move on to the next module unless you have attempted the self-
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Geometrical Construction

Geometry is study of the SIZe, and shape of things. Geometric

constructions are made of individual lines and points drawnill proper

relationship to another.

Geometric construction is very important to nearly everyone in technical

fields (Engineers, surveyors, architects, designers mathematicians, scientists

etc). These set of people regularly apply the principle of geometry to the

solution of technical problems such as the design of machine parts, architectural

structures etc. Therefore technical student require a good knowledge of

geometrical construction to be able to apply it to the solution of technical

problem.

Geometrical construction is divided into two groups; plane geometry and

solid geometry.

Plane geometry: these are two-dimensional geometry with length and breadth

only without thickness examples are polygons quadrilaterals, circles and semi-

circles ellipse angles simple triangles etc

Solid geometry: These are three-dimensional geometry with length breadth and

thickness. Examples are pyramids, prisms, cubes, cones, sphere, tours, ovoid,

helices, etc.
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3.2.1 Module l-Puints, lines, angles and triangles

The basic techniques associated with geometric construction must be

thoroughly mastered. The various procedures discussed in this module are used

in solving drawing problems in technical drawing. To be truly proficient in the

layout of both simple and complex drawings the drafter must know and fully

understand the many geometric construction used.

OBJECTIVES

At the end of this module student should be able to:

• Define the following: points, lines angles and triangles.

• Represent points on drawing

• Draw different types of lines

• Bisect lines

• Draw lines perpendicular to a given line

• Draw parallel lines
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- - ---~-~- -- ---- - --

Construct ,iiliL'rl'lll ~_\-I)L'sor <ll1gleS and triangles.

HOW TO STUDY THIS MODULE

Read the whole rn mod u le through quickly to get the main

ideas

As you read this module. underline in pencil any word you find

cI i Ili (' ul t a n d c h e c k for the mea n i n gin t. hemi c r 0 s 0 f two t d .

Study the module by carefully reading it through step by step.

Make sure you try and practice the activities on your own.

ACTIVITY 1.0-2: Points and Lines

Poin ts

.-\ ih1l111 is <'1 Im-;llioI1 in SP<.ICl· or 011<.1drawing and has no widr h , height or

,kplil. A PUI11l UI11 lx. repre sunrcd bv anv 01" the following:

Point

Point

'.:; \ SI1l<.t11 cr()ss
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(hI A short crossbar on8 line

(c) Intersection of two lines

Simple dot (e) should not be used to represent a point,

Lines

A line is that which has length without breadth, There are

different types of lines: they are as follows:

(a) Straight line: A straight line is defined as the shortest distance

iW\\\'(Tll t wo po m tx.

Straight line (indefinite length)

Straight line with fixed end points (definite length)

Horizontal line

Vcrt ical Iinc

i~-
(b)

leI

Parallel lines: They are lines which

maintains the same distance apart.(el) or

(e) Perpendicular is a straight line,

which forms an angle of 900

to horizontal lines, A perpendicular

IS a straight line touching a

horizontal line at 900

If) 0/\ Curve line
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(g) ~Anarc

ACTIVITY 1.1-2: Bisecting Lines

Bisect means to divide into two equal parts.

ACTIVITY 1.1a-2: Fig. 69: To bisect a given straight line (AB) by the

Step 1 Step 2

..\ 13

Draw the given

line AB.

Using A and B as centers, strikes arcs

with equal radii greater than half the

length AB above and below the line to

interest at points C and D

Step 3

C
Draw a straight line from C to D.

/\----4-----

This line is the perpendicular

B
bisector of line AB

Fig. 69:
I)

Bisecting a Straight Lirie

ACTIVITY 1.1 b-2: Fig. 70: T() bisect a given arc (EF)

Step 1 Step 2 Step 3
F

G < G



.,.
\""

F F

-f...
(j

j--

~ E

ACTIVITY 1.1c-2: Fig. 71: To bisect a line by the triangle and T-square

mer h oel.

Step 1 Step 2

Bisector
:\ --------------8

A B

i )1';1\\ r l ie given lint: AB

Step 3

C

Using 450 or 600 set square draw lines

AC and 8C at 4500r 600 (depending on

\ 8
the set square used).

I)

/\ line CD drawn perpendicular to

line AB is the besector of line AB.



ACTIVITY 1.2-2: Fig. 72: To construct a perpendicular at the end of a

given line.

Step 1 Step 2 Step 3

L-----F

i)I~I\\ ihc <JIVCI!~

F,

With ,c\

F,

thin line,

E-----~
(i·~

H

extend line EF'

outwards [rom F
Using center F and any

convenient radius draw the

semi-circle GH

Step IV

I

~

Step V

I H

r
Using G and H as centers,

strike, arc arcs with equal

radii greater than half the

kll~!,lhor CH to intersect ati

A line drawn through the

in tersection of the arcs to

poin t F is the required

perpendicular.
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ACTIVITY 1.3-2:, Fig. 73: To construct a perpendicular with the

compass at a given point on a given line.

.-\ • B

r: -tep 2 D

E---T-~------I--r-g
~/

.Step 1

()

I)r: i\\ Ihe given line AS and

m.uk the given point say O.
Using 0 as center and any convenient

radius draw semicircle CD.

Step 3 Step 4

[

J)c: D

.-\
.-\

o B

Using C and 0 as centers, Draw a line through the

.ind any convenient radius intersections of the arcs to

poin t "0" to give the required
n

strike arcs to in tersect at E.
pOlnL UUL:::ilUe:: t.r ic 111ic .

perpendicular.

Actiwity 1.4 Fig.73a - Tn draw a perpendicular to a given line
I

from a point I P I outside the given line.

Given: Line AS

Step 1 + J> Step 2 +p
/

!">r;l\\· 1he given line AS and

A-----------B
D

j,),·<tlL' point P outside the given line
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With P as the centre, d raw an arc withradius

I~ long enough to intersect line AB to

locate points C and D.

St.ep 3 /

o

\Vit il l' ,1Ild 0 cIS centres and radiusRl greater than half of CO draw

:t::l'rsl'ding arcs to locate poirit O. A line drawn through points P and 0

;;-;till' perpendicular line.

ACTIVITY 1.5-2: Fig, 74: To draw a line parallel to a g!\len line EF

F

R\ -.-

Step 1

( Lj-

G F
E----- E

iJrCl\\' the given line EF and With point 0 as the center and any convenient

locate the point O. radius Rl draw an arc cutting l~ne EF to locate

point G. (With point G as the center and the

previous radius R 1)·
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Step 3,

()

F

H (j

With (~ 8S the center and radius R2 equal to chord OH draw an arc to

IOCC1LC point i.

D"<I\\' (-1 line through points 0 and to give the required parallel line to

ACTIVITY 1.6-2: Fig. 75: To draw a parallel line to a given line

AS at a distance fromAS.

Step 1 Step 2 Step 3
~~/'\~

ATI---r-IB
I ) 3 -+

])1';1\\' the

.-\TI---r-I B
I ' 3 -+

\--------------- n

close to the ends

With centers 1,2,3, 4,

and a radius equal to

the distance' away from

the required parallel

line draw arcs .

line AB Mark points 1 - 4 at any

convenient distances on line

AB with points land 4 very
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Step 4

.-- - .....> ---. ",--- ;;:::=-..... I )
Dr,I\\' a line (CD) ta nge nt ial to

,.\1I-r-TL3

I 2 3 4

the arcs to give the required

parallel line

ACTIVITY 1.6a-2: Fig. 75: To draw a line parallel to agiven curved

l i ru. ell <.1given distance

Step 1 Step 2

8.\

A

With a radius equal to the distance

away of the required parallel curve

place the point of the compass on the

given line and d rawseries of light arcs,

Step 3

D
Using a French curve, draw a

line CD tangential to the arcs

A to give the required parallel
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Cunve.

NOTE: Parallel lines can also be drawn u smg the two tri.angles or a

1 i'j,lngle with T-square (see board practice).

ACTIVITY 1.7-2: Fig. 76: To divide a line (EF) into a given number of

Step 1 Step 2.

r

'~(j

Draw the given line EF

Draw line EG at any

Convenient angle to EF.

Step 3 Step 4

E I: E F

1
2

3
4

5 c;

With a dividcr lei)'off thc number of Join the last point

the required divisions aboveE,C~, on line EC; to F

These may be of any convenient

length but equal
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Step 5

51 (i

Fig. 76

With the aid of your setsquctre. Draw lines parallel to the

first line Irorn the other riumbers. These will divideSf

into the required number.

c-.CTtVITY 1.8-2:
ANGLES AND TRIANGLES

:\11 ;\11~k is formed \\'hl'11l\\'O lines intersect or are inclined to each

t i l IIL'r. The common symbols for <Ingles and angular constructions are;

< s (pi u red), 1':-. = lriangle

b = Perpendicular.

Al1~lcs arc mCClsured in degrees, minutes and seconds.

ThlTC arc 360() in a complete circle. A degree is divided into60

minutes (60') and a minute is divided into60 seconds (60"),

\\'1\('11 J11il111ll'S,d()nl' "rl' inc\il';llcd, the number should be preceded
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ACTIVITY 1.9-2: TYPES OF ANGLES

The different types of angles are illustrated in fig. 77 a-g below

g()O
Iv10n: than
90()

(A) Acute Angle (B) Right Angle (C) Obtuse Angle

(E) Supplementary angles

A + B = 1800

ll)) Co m pl imc nt nrv

angles (A + B = gOO)

l:-W"

(F) Straight angle (G) Complete circle

Fig. 77 a - g

CONSTRUCTION OF ANGLES

ACTIVITY 1.10-2: Fig. 78: To construct an angle of600 at a point 0 on

line AB.

Given: Line AB.
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Step 1 Step 2 Step 3

I~
B\ )

:\_-+--_...1.- n
A

u c o c

Dr aw line AB and

mark point 0 on

Using center 0 and

any convenient radius

drLl\\' <Ill ,Irl' to toi.ich

With center C arid the

same radius draw an arc
t Ill' Ii Ill'

to in ter sect the first arc
AB at C

at D

D ra \\' a line from 0

/\ 13

through D, < DOB IS

the required 600 angle.
() c

Fig. 78

ACTIVITY 1.11-2: fig. 79: To construct an angle of900 at point on line

/\H S:I\ point. A

Step 1 Step 2

,\------n
-~ ,-~\-------B

Ora w "tJ ll' ,;.;1\' t '11 Ii 11e i\ B Extend a construction line
o LI L ward s from A
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Step 3 Step 4

E

(. I)

~Il

~
----~----~~----~---8

With center A and any With centers C and D and any convenient

convenient radius draw radius greater than half-length CD draw

;\ se m icircle CD. arcs to intersect at E. Draw a line from

POIl1 t A through the intersection of the

arcs, < EAS is the required angle,

.. ':':';':VITY l. 12-2: Bisecting Angles

ACTIVITY l.12a-2: To bisect an angle

Step 1 Step 2

c c

13 B\ :\

I,:

With point A as the center and any

convenient radius, draw an arc to

Step 3 intersect with AC and AS at D and E
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With D and E as centres and any radius greater than

.
ha lf of arc DE, draw arcs to intersect, locating point F.

\ Druw a line from poi n t A th rough F to bisect < CAB.
,.:

Angles 450, 300, 150 can be constructed bybisecting
Fig. 80

angles 900, 600 and 300 respectively.

ACTIVITY 1.13-2: TRIANGLES

-A triagn Ie is a plane wi th three straigh t sides and three angles. Fig.81

-Th« :-;UIl1 of the interior angles ina triangle is equal to 180°.

Altitude or

height

Base line

Fig. 81: A triangle

ACTIVITY 1.14-2: TYPES OF TRIANGLES

Tri,lllg,ks arc identified by their lengths of sides or angle sizes

II'
"I TI'l<lng!cs ide nufied b, their lengths of sides, Fig 8 a -C
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(a) Isosceles triangle

Two sides equal two

~Ingles equal and the

(b) Scalene triangle

No sides or angles equal

111(' l\\'() equal side, are

(c) Equilateral triangle

All sides, All angles equal

(b)

Triangles Identified by their angle sizes Fig 83 a-c.

/ Hypotenuse

(C)~_

900

(d)

Fig. 83 a - c

Acute-angled triangle Right-angled triangle

euc h angle less than One 900 angle, The side

directly opposite the 900

<[Jigie' is called the

ACTIVITY 1.15-2: CONSTRUCTING TRIANGLES

Obtuse angled triangle

One angle greater than

900

ACTIVITY 1.15a-2: Fig. 84: To construct a traingle ABCwhen given

r l i.: 1('!lgti1s or the three sides,

Let knglhs Dr sides AB = 50mm, AC = 41 mm and BC= 35mm,
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Step 1 Step 2 Step 3

B A,I B

Draw the longest

side AB = 50mm
Swing an arc R1 from

Swing another arcR2 from point

point A whose radius
B whose radius is equal to BC to

is equal to AC = 41
in tersect the arc swing from po in t

A at point C

Step 4

.\ I~

Connect ALO C and B to C to complete the triangle

Fig. 84

ACTIVITY 1.15b-2: Fig. 85: To construct a triangle ABC with two

<lllgleS u n d included side length given: L A = 4.50, L B = 600. L AB =

.-)1) 111111.
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Step 1 Step 2 Step 3

-------8

c

Dra w the szive n lineb

A L.......l.- ~_, 8

Construct the two

Extend the sides of
cll1glcs A and B en

opposite ends of
angles A and B to

lint' AS
intersect at point C.

ABC IS the

req 1I ireel triangle.

ACTIVITY 1.15c-2: Fig. 86: To construct a triangle ABCwhen two

sick lengths a nd the included angle are given:

C;iVl:ll: AS = 57mm, AC = 47, L A = 600

Step 1 Step 2

Step 3 c

Dr aw the given side
AB

"--"'------- B

.\ -------I~

.'-\'-..1..------ B

Construct the

zive n anzle at
b '=>

Layoff the other

side AC at this
point A

angle
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Step 4

C

Join the end points of two given lines

to form the required triangle.

I~

.-\CTIVITY 1.15d-2: Fig. 87: T(l co n s t ruct ,I right cll1glccl t ria nglc when

given ihe length of the hypotenuse and one other side. Let sayAS

(hypotenuse) = 55mm, AC = 40mm

Step 1 Step 2 Step 3

c

v:?\
r\~BilVjJ()LenLlSeAB

Draw a semicircle with
With Ll c.o m pu s s , scribe

radius (RJ) equal to
arc AC equal to the

half the length of the
length of the other given

hypotenuse AS.
side R2 from point A.
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,

.\ :.......:. .:....... ~- I~

Step 4

HypOLCllLlSC

Join A to C, and B to C. The triangle

ABC is the required Lriangle.

Fig. 87: Construction of Right Angled Triangle

I •

SELF -ASSESSMENT QUESTIONS

The Iol loxviru; Cdn be used LOrepresent a point except

.\ + SlTICi.l\ cross

.: Shun cross IX-It" o n ('I line

. c Intersection of t\VOlines

D • DOL

2 The shortest distance between two points is called

r\ straigh t line B curved lines C parallel line

.J ,. ,
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:\ B c D

\\'\1<:11k inrl of triangles has one right angle (90°)?

:\ iSllscclcs Lri'111glc 13 scalene triangle C acute angle triangle

D riuh t-u n aled tria nszleh h b

Wh,lt is <111glc grealer 1\1;111()OO but less than 180° c.alled?

A ac ut e angle B richt a n aleb b
C obtuse angle

D corn pl imc nt n rv a riglc

I) Whnt IS t hc name ~!)VL'll to <.l triangle with all three sides of equal

length B cq u ila t c ru l uiuuglcs

;ICUle' angle triangles D obtuse triangles

Answers

(1) 0 (2) A (3) C (4) 0 (5) C (6) B,
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LESSON TWO

MODULE 2

ARCS, CIRLES AND TANGENTS

Th e major areas covered in this module are; circles, arcs and

tangents. Circles and arcs are geometric objects constructed with curved

lill('S wh ik- LlJlgcllt is (I line: or curve thn t touches the s u rfucc or an arc or

-------------------------------------------------------------------------------- ,
!
I

I
OBJECTIVES

ih 11](' ('lIcl o l i h is rnor lu lc: slllclcill should he able t o:

"Identity the various parts 01" a circle

"Draw arcs and circles

'" Dr;'I\\' lines tangent to a circle

"Draw a n inscribe circle to a given triangle

. --- .. --- ------------------------------------------------------------------------'

HOW TO STUDY THIS MODULE

You s h o u lcl IJL'I"ol"t'you rcucl through this module study module 1

", Re(lci rho utrh this module once, wh e n vo u find <-1 vvo rr] w ho se

me am ng IS not k nown to vo u t rv a nd look up such word in the

(I ict io n.uv.
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=Studv this module step by step just as they have been arranged

I()I' \ (II t Y()U m uSt a n ~\\.e r lite seIf-ass essm en t que s t ion at the

end of the module before you proceed to another module.

CIRCLES AND ARCS

ACTIVITY 2.0-2: Circle: A circle is a plane figure bounded by a

curved line called the circumference.

ACTIVITY 2.1-2: Part of a circle Fig. 88

An Arc: Is <1I1y part or the circumference.

A diameter: Is ihe distance across a circle passing through the centre.

Radius: Is a straight line drawn from the center to the circumference

of <:I circle and is '/2 the diameter.

A Chord: A chord is a straight line drawn across the circle, touching

the ci rcumference at both ends.

A Segment: Is part of a circle bounded by a chord and an arc.

A Sector: Is part of a circle bounded by an arc and two radii.

A Quadrant: Is part of a circle bounded by two radii at right angle to

(':\\'1, ot hc r 21IHI ,\11 arc. Ir is IIi of ,\ circle.

Radius

I) ia 111\..'tcr

Fig. 88 fc
y

Quadrant
-:

Circumference

Sector
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Concentric circles
Eccentric circles

A concentric circles have the
Eccentric circles have

same center but different

radii. different centers

Fig. 89

ACTIVITY 2.2-2: CONSTRUCTING CIRCLES

ACTIVITY 2.2a-2: fig. 90: To construct a circle through threegiven

points A, Band C.

Step 1 Step 2 Step 3

__ I
i
l

\ i

Draw lines between the
Bisect each lineC~iven pain ts

three points as shown.

'I
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Step 4

8

.\

ACTIVITY 2.2b-2:fig. 91: To locate the center of a given circle or arc

Step 1
Circle

B

1\

\)r<1W two chords AB and Be

Step 2

Circle

:\

The center 0, where the two

bisecting lines met is the center

c

Arc

B

c cA

B

Arc

><
Or

cj-\

Co n struc! the perpendicular bisector of each chord. The point of

'1 [l'\":->('\.'[ io n "0" 01' the bisectors is the center of the circle or arc:
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ACTIVITY 2.3-2: Fig. 92: To inscribe Cl square in a gi\'en circle

Step 1 c

B

\)

Dtaw the given circle

;Ilid till' l\\'lJ d iu mc tc r s

'\ iJ .rnd CD

ACTIVITY 2.4-2:, Fig. 93 :

ABC,

Step 1

I~

/
/

,\ c

Draw the given triangle

Step 3

c

B

o

Join the points A, B, C, andD with

str a igh t lines to complete the square

To inscribe a circle in a glven triangle

Step 2

F)

c

Bisect anv two angles and

produce the bisectors to

intersect at 0

Draw a perpendicular (00) to

any of the sides from point 0,

With center 0 and radius

00, draw the required circle,
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ACTIVITY 2.5-2: To draw the circumscribing circle of a given triangle

ABC. Fig. 94

Step 1 Step 2

B
B

\
c

till' uivcn
"

uia rigle .-\
c

.ABC Bisect any two of the sides and produce

thp bisectors to intersect at0

Step 3

With center 0 and radius OA or 08 or

DC draw the circle to pass through the

three points A, Band C.

ACTIVITY 2.6-2: Fig. 95: T() construct a circle within a given square

ABeD
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Step 1 Step 2

C
C

B
0

0

!\ D

D
Dnl\\· t he diagonals AC and

C I) 1() IOCcl te cen ter of the E

Dr aw a perpendicular

(0 E) bisector to am"

side of the square

" ~CILl ,He 0

Step 3

B~ =-__~ ~C

With center 0 and radius OE

draw the required circle"

\ J)

I

ACTIVITY 2.7-2: TANGENTS

DEFINITION

1'1. tangent is a line or curve that touches the surface of an arc or

circle at only one point.

ACTIVITY 2.7a-2: PRINCIPLES OF TANGENCY

ThCl'l' <Ire rhree principles 01"tange ncy:

Iii The Iirs t principle is joining an arc with a straight line,
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(ii) The secorid principle is joining two arcs externally.

(iii) The third principle is joining two arcs internally.

It should be noted that in all tangency problems the points of

tangency should be located before the arc isdrawn to enable the arc to

be drawn perfectly thereby ensuring accuracy.

I

~

ACTIVITY 2.S-2: Fig. 96: To construct a Tangent to a given circle or

arc at a given point

Step 1 Step 2

~I'<:. p

Extend the line OP outwards .

.'~!\'l.'11 center 0 Indicate

ihc given point P

A
o .-. ,_-+-_-+-~A

\Vith P as center a nd radius OP draw

I
'/

;1;; ;11'(' ll) cui the extended line at A
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Step 4

Bisect OA, the bisector Be is the

required tangenr tangent

I

~._. __ ._._._.~.-.- APPUC\TIO:\

ACTI VITY 2.9-2: Fig. 97: To d raw a tangen t to a ci rcle from a point
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Step 1 Step 2
I T,

I

j __.___r P
I

( )

I

I

p

1)1'8\" the given circle with center Draw line OP and bisect it to locate

o .i nr: I,W,lll' the gi'-('Il point P point A_ Or8\'- a circle with center

ULl (side the circle "A" and radius AO = AP to locate

tangent points TJ and T2

Step 3

I' These lines are tangen t to the

circle.

ACTIVITY 2.10-2 JOINING ARC WITH STRAIGHT LINE

ACTIVITY 2.10a-2 Fig. 98: To draw an arc Tangent to two given lines

at right angles from a given radius.

,
~

~
0

0 T
T
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T
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Draw the two With given radius R agam

lines at right With given radius R, strike
and with point T as

angle to each arcs intersecting the given
centers strike arcs

other lines to locate the tangency
intersecting atC

points (1') OT == R

T

() T

With C as center and the given T

rudi us 1\, draw the required tangent APPLICATION

arc.

ACTIVITY 2.10b-2 Fig. 99: To con struct arc tangent to two glven

para lle l lines

c

Step 2
B

B .-\ 1
~ F

E ; Sn • EClUal
I

Step 1

Draw the two parallel lines AS and
C' 0

Draw line EF equidistant between

C'l)
AS and CD

'I

I
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Step 3

T

I F

I~.\
1

-r
1

1

I

I

. ._1._._._._

I

1

I

T

C" D

L'liLidl to the distance from line AS

or CO to line EF and draw the
APPLICATION

arc

ACTIVITY 2.10c-2 Fig. 100: To construct an arc of a given radius

I~.uid ta ngc nt to two given non-parallel lines at Acute or obtuse angles.

c
Step 2

T

I

iR
B

Step 1

8

A Parallel
lines

T
D o

R

l

R

I~ \

T

.\ T
(lhlllC;\..'

At a distance of R, construct lines

Ur<l\\ Lite LWO lines to 1'01'111 ihc angles
parallel to the given lines.
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Step ~

T
T

APPLICATION

T

APPLICATION
With the intersection of the t\,VOparallel lines

(an arc tangent to two radii)

n ~;ISl'l.'llll'l" ~1I1c1wi t l: givel/ rad iu s d raw the

I"cquil'<:'c\ ia ngc nt a rc: be tween the points of

tangency

ACTIVITY 2.11-2: JOINING TWO ARCS EXTERNALLY

ACTIVITY 2.11a-2: Fig. 101: To draw an arc tangent to two circles

Given I~<ldli o l the t wo cil"cks I~ arid r. Radius of the arcRI, Distance

bet ween circle cen ter s.
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Step 1

1)1';1\\' the rvvo circles of radius Rand r

re spect ively

Step 2

+

\·'r()lll LIH' centers U and IJ of the circles draw arcs of radii R+

I~I ,1!1e! r + [~I re spec tive lv to intersect at a pointQ

T T

T

Set the compass at thesnven radius RJ and

from cen te r Q e!1',1\\' the required arc to touch

ihc L\\'O circles ell tangent points (T), Repeat the

~LCp~ lO obtain the secorid arc if necessary.
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ACTIVITY 2.12-2: JOINING TWO ARCS INTERNALLY

ACTIVITY 2.12a-2: Fig. 102: To draw an arc Tangent to two circles

Given. I~ctcliior ihe two circles I~ arid r

J~~ldius of the arc RJ

Distance between circle centers

Step 1
I

I

I
AI

I

I I

I

~II~

Step 2 Step 3

c

\

:...

c

tit .

:...

T() ri J1l1 lhc center or ihc ;u;. "C"
The POll1L oj intersection of

draw arc of radii RI - Rand RI - r
the two arcs point "C" is the

Iro m the circle centers A and B
center for the given arc RI,

For the second arc, repeat
re s oec tivelv

the steps illustrated above,
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.~\CTIVITY 2. L~-2: Fig. 103: To d raw an Ogee curve connecting two

pa ra lle l lines.

Given: Line CD and EF, and radius.

Step 1 Step 2
r

c

1·------

[

.)' ,\\ lh' l\\-(} given parallel

Draw DE and determine the

inflection point T (at mid point if

equal arcs are desired).
Step J

7' r:
\...--..",----- F

'C

APPLICATION

o

.\1 U ~111c1 E erect perpendicular: and Or<::1\\'perpendicular

bisectors or OT and ET. The intersections G and H of these bisectors

and the perpendiculars, respectively, are the centers of the required

n rc s.
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SELF ASSESSMENT QUESTION

1 what is an arc?

A is a line drawn from the centre of the circle to the circumference.

II is the d ist a ncc ac ro s s (\ circle passing though the centre

l' is un , p.ut or the circlll11krence ora circle

D it is the diameter of the circle

j\ circle is defined as a plane figure bounded b)

C Paralkl line

o Perpendicular line

3. The following are part of a circle except

A chord B radius C arc o polygon

-I. The circle thai have the same centre but different ri-ldilJs is called

A coneen tric circle B eccentric circles C tangential circles

I) q'uarlrn n t circles

M list IX' c\()IJ\' t() I()C~IIL' the centre or ;:111inscribe circle

\() "lvell t ria nszlc:-,:::., ;::,
A bisect orie angle only B bi sec t one side only

C bisect any two sides o bisect any (\\'0 angles

h. What is the name of the point at which a line touches an arc or a

circle? A quadrilateral B polygon C tange n t 0 triangle

Answer

(I) C (2) 8 (J) 0 (4) A (S) 0 (6) 0
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-
3.2.3 Module 3 - Quadrilaterals, polygons andareasof plane figures

The major topics covered in this module include Quadrilaterals, polygons

and Areas of plane figures. Quadrilaterals and polygons are geometric

objects enclosed with straight lines.

OBJECTIVES

At the end of this module student should be able to:

• Define quadrilaterals

• Define polygons

• List the different types of quadrilaterals and polygons

• Construct/draw different types of quadrilaterals

• Construct/draw different types of polygons

• Draw figure equal in area to a given figure

• Enlarge or reduce plane figures in a given ratio
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HO\V TO STUDY THIS MODULE

• Read though this module noting the main idea and the unfamiliar words look up the

meaning of this unfamiliar word in Microsoft Word.

• Study the module step by step in order, which the steps are arranged.

• Attempt all the self- assessment questions given at the end of the module.

• Do not look at the answer before writing your answer to the questions.

• To get the best out of studying this unit obeys all instructions and observes all rules.

ACTIVITY 3. 0-2: Quadrilaterals. Fig. 104a-h: are plane figures with four sides and

four interior angels.

Square

Has four equal sides. All its four angels are right angles

A

Rectangle
Has its opposite sides equal, and all its four angles are right

B

Rhombus

Has all sides equal. Its angles are not at right angles.

c
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Rhomboid
11;ls llppoSilL' silks equal.

Paralle 10gram

Opposite sides equal. Its ang les not at righl angles

l

Trapezium

\ I

lias \\\0 opposite sides parallel.

Trapezoid

II hilS lour unequal sides and angles

Deltoid or kite

Its adjacent pairs 01' sides are equal.

II
ACTIVITY 3,1-2: Fig. 105:

length of the side.

T() co n s t ruct ,I xq un r« vvlun givel1 the
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Step 1 Step 2

1\------ I~
I·:

Dr;\w l i n c AB cq u n l

I() I Ill' Ivngl Ii of ihc

.\
glVC'll sidc

Construct a perpendicular to line AB at pointA (see activity 4

mor lu lc 4). ~l'l lhl' compass for the given length and mark off

this length on the perpendicular line to give point E.

Step 3

From points E and B, usmg the same

I·:
I·

compass length AS, L!\' off intersecting

arcs BF and El", AR~r is the required

.... __ .__ ---1- __ -, -------'

.\ I~

ACTIVITY 3.2-2 Fig. 106: T() consrr uct a rectangle given the length of

t he two sides AB and AC.

Step 1
c

a perpendicular at point A and mark off

Draw one of the given line AB. Construct

111l' ()IIHT it-l1glh AC.

I )
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o Step 2

\ F
With center C and radius AB strike anc

arc, With center B and radius AC strike

another arc to in tersect the other arc

I)~E
B

locating point F, Join C to F and B to F,

ABCF is the required rectangle,

ACTIVITY 3.3-2: Fig. 107: To construct a parallelogram gIven the

k'nglh or the L\\'O sides and one angle,

Step 1 Step 2

,\-------- I3

01',1\\ (JIll' or rhc given sides AB

AL---~------------~]

Construct the given angle BAE

Step 3 Step 4

E
E

c c o
X

l\ '-----------------8 A

With ccn te r A and radius With center C and radius AB strike an arc,

With center B and radius AC strike another(d' I ill' ()l her side draw an

<l1'C LO CLIL AE at C arc to intersect the former arc at0
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Step 5

c
o

Join C to D and B to D

to obtain the required

parallelogram .

. \
13

ACTIVITY 3.4-2: Fig. 108: To construct a Rectangle given the length

Step 1 Step 2

C

B
A

B .

D

Dr.r.v C1 circle equal ill
With centers A and B ill turn and a

radius equal to the given side, strike an

arc to cut the circumference at C and D

respectively.

Step 3

c

A

Join the points A, B, C and D to complete the

required triangle.

o
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·.

• ACTIVITY 3.5-2: Fig. 109: To construct a Rhombus when given the

length of the diagonal and side.

Step 1
c

/\------B

Draw the given ~------~B

diagonal AS

o
With radius of the given side and centers A andB in

turn draw arcs above and below line AS to intersect at

C and D respectively. ABCD is the required rhombus.

ACTIVITY 3.6-2: Fig. 110: To construct a trapezium given the

parallel and the perpendicular distance between them, and one angle.

Step 1

r:
Step 2

( o

BA
I\'----I..------B

Draw one of the given parallels
Using the distancebetween the parallel

AB and construct the given
lines strike arcs for the second parallel

<:Ingle BAS
line.' Draw the second parallel line to

+ touch the projected line from A. Join

BOD to complete the required trapezium.
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ACTIVITY 3.7-2:

INTRODUCTION

POLYGONS

Polygons are plane figures with more than four (4) sides.

1\ polvgon may be a regular or irregular polygon

Regular polygons; are polygons having equal sides and angles

I rregular polygons; are polygonswith unequal sides and angles.

ACTIVITY 3.8-2:

Pentagon polygon

Hexagon polygon

Heptagon polygon

Octagon polygon

I onngon polvgon

I )()ckcagoll polygon

o
Regular polygon

ACTIVITY 3.9-2:

TYPES OF POLYGONS

5 sides

6 sides

7 sides

8 sides

9 sides

10 sides

12 sides

Irregular polygon

POLYGON CONSTRUCTION

ACTIVITY 3.9a-2: Fig. 111 To draw a pentagon polygon 111 a given
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A regular pentagon is made up of five isosceles triangles, each of the

vertical angles being720.

Step 1 Step 2

8

From the center of the circle,

measure 360 with your

protractor and produce this

line lO Lauch the circle atB.

With the aid of the T-square,

draw a line from this point B

to cut the other side of the

circle. This will produce one

side of the pentagon.

Step 3

With the compass and radiusAB,

mark off the remaining sides on the

C circle, and join them to produce the

required pentagon.

ACTIVITY 3.9b-2: Fig. 112: To draw a regular hexagon gIven the

distance across flats.
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DlA =A/F OF
HEX

••
Step 1 Step 2

Draw c\ circle having a

dia mc tor equal to the

Draw tangents to the circle with a 600

Setsquare to produce the hexagon.

ACTIVITY 3.9c-2: Fig. 113: To d raw a regular hexagon given the

distance across corners.

Step 1 Step 2

c F

Draw a circle having a

diameter equal to the distance
From a point A on the circumference

across corners.
of the circle step off the radius round

it to give six equally spaced points

(A, B, C, 0, E and Fl. Join these

points to form the hexagon.
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ACTIVITY 3.9d-2: Fig. 114: To draw a regular octagon given the

distance across flats(AI F).

Step 1 Step 2

Draw a circle with a diameter

equal to the given distance
Draw tangents to the circle with

450 set square to produce the

required octagon.

To draw ~-l regular octagon given the distance across corners.

Step 2
I

I

I

I
I

I
I

Step 1

DI'a\\" a circle with diameter

('(ILI"I l(1 ihc given distarice
Draw vertical and horizontal

across corners.
diameters of this circle. Bisect the

angles to obtain 450 each and

produce the bisectors to touch the

circumference of the circle,
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Join these points where the lines

touches the circumference to

produce the required octagon.

ACTIVITY 3.ge-2: Fig. 115: To draw any regular polygon given the

length of the side (AB) using square method

Step 1

,\ 13

Draw the given length

AB arid const ruct a

square on it.

Step 3

Step 2

A B

Bisect AB. Draw a diagonal on the square to

cut the bisector of AB at4. With A and S in

turn and radius AS. Draw arcs to intersect

at 6.

Bisect 4-6 to obtain pornt .». Take the distance

4-5 and step it off from point 6 to obtain 7, 8, 9,

10 etc as the circle centres for circumscribing

circles of the regular polygons.
B

1tS



•

Step 4

A

R = A - 5

To draw any polygon, set the compass on the

number corresponding to the number of sides

of the polygon and extend it to A and draw the

circumscribing circle. Step AB round the

number of sides and join the po.ints.

ACTIVITY 3.9[-2: Fig. 116a: T\vo triangles method

Step 1

.\

I
;1\\

/
Dr8\\' l he gIven side AS. Construct t\VOtriangles

with base angles 450 and 600 respectively. Mark

points 4 and 6 where these triangles touches the

perpendicular bisector of AB

13
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f
/

;'
\

8

10

r;
B

Bisect the space between 4 and6 to locate

po m t 5. The points 4, 5 and 6 are the centers

for circumscribing circle of regular polygons

with four, five and six sides of lengthAS. For

anv other polygon step off the distance4 - 5 to

obtain the circumscribing center. To draw any

polygon follow step 4 in method 1 (square

method) above.

ACTIVITY 3.9g-2: Fig. 116b: To construct any polygon in a given circle

Given: l)i<llllC:'tcr of the circle

Procedure

- Draw the given circle

Divide the diameter AB into the same number of equal parts as the

required polygon has side.

- With centres A and B in turn and radius AB draw arcs to intersent at P.

Druw <:1 line from P through 2 to touch the circle at C.

- .Jo in t AC to give one side of the polygon

Step AC round the circle to obtain the other

sides of the polygon.
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••

ACTIVITY 3.10-2: AREAS OF FIGURES

ACTIVITY 3.10a-2: Fig. 117: To draw a square double the area of a

L!,ivt::n squClre ABCD

Step 1 Step 2

c D c D

:\ 13 .A

Draw the given square

With radius BO and center
uud extend the base

B draw an arc DY. Bisect
AB to the right.

angle DBY.
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•. Step 3

C r------r-~-
C ,------f..L

.\ '---------"~---..-:.~---/

"The intersectioh at 0 IS the
Draw through DB to touch the

center or ;"\ circle, which
circle at E. BE is one side of the

contains the sq ua.r.e . Draw the required square. Complete the

ci r cLe wir h center "0" and radius square BEFG.

00.

ACTIVITY 3.10b-2: Fig. 118: To draw a square.half the size of a given

square ABCD.

Step 1 Step 2
C

C D

F

o

l~ 1\ G
.\ Y B

With B as center and radius BO draw an arc

i) !'cl ". ll1l:' l1\ven square ane!
t:»

I
touching BD at E ane! AB extended atG. Line

cxre nd ihc base line AB to the

BE and BG are two sides of the square.

righ t and produce the diagonals
Complete the square. BEFG.

to meet at 0
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.. ACTIVITY 3.10c-2: Fig. 119: To draw a triangle equal in area to a

given parallelogram.

Step 1

A B

Draw the given parallelogram

:\I3CD and join B to C

Step 3

. \

Step 2

A B E

Extend the base line AB. Draw

DE parallel to BC from D.

Join E to C. EBC IS the

required triangle .

ACTIVITY 3.10d-2: Fig. 120: To draw a triangle equal in area to any

rl'gular polygon.

r:
I

, .'
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Step 1 Step 2

i\ ------~--~-------- B

Draw AB equal in length to length of side

X number of sides e.g. if t~e length of

side is 15mm, AB is equal to 15x 8

Draw the regular polygon and

draw the diagonal to intersect

at the center O. 111 this

.-x.unplc: ,\11 OC10gUl1 is drawn
(octagon polygon) == 120mm.

Step 3

Join 0 to A and 0 to B. ABO is the

required triangle

.\ B

ACTIVITY 3.10e-2: Fig. 121: To draw a rectangle equal111 area to a

given triangle.
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Step 1

C

Step 2

C

A

D
B B

D

Draw the given .. triangle and

draw a perpendicular to AB from
Bisect CD to give point E.

C to give point D.

Draw a parallel line to AS through E. Draw

perpendiculars at A and S to touch the parallel line-

to-line. AS at F and G. ASGF is the. required

rectangle.
,\

ACTIVITY 3.10f-2: Fig. 122: To draw a square equal in area to a given

rectangle.
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Step 1 Step 2

c o
c o

A E
A B B

Draw the given rectangle Extend line AB to the right and

AR(,li draw an arc with radius BDto

touch AB extended at E.
Step 3

Draw a semicircle an AE. Extend SOto
II F

1< lauch the semicircle at F. BF is a sideof
,/

-:

the square. Mark G or; AB equal to SF

with radius BF and centres G and F in

turn draw arcs Lu intersect at H.Juin H

to G and H to F to abtain the require

.\ E
( ;

square SFGH.

ACTIVITY 3.11-2: ENLARGEMENT AND REDUCTION OF PLANE

FIGURES

ACTIVITY 3.11a-2: Fig. 123: To enlarge or reduce the size of a given

plane figure. In this exercise a rectangle is given.

. .'
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• [a] Enlargement

Extended
Diagonal

F
Step 2Step -I

c o

Full size

A B E

Draw the given rectangle
With radius equal to the length of the

_:\13CD snd extend the
required rectangle locate points E and F

on lines AB and AC respectively.

Step 3

F
G

(' o

~---t~ nlarged size

B

FI-(ll11 poi nt s -E a nd F d raw parallel lines to lines BD and CD to

lUl-<IlC o n the ext e nded diagonal at point G_ AEFG is the

enlarged triangle.
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.'\CTIVITY 3.11b-2: 124 REDUCTION

STEP 1
To reduce the size proportionately the vertical and horizontal lines

~ll't' i(lC<llCcI nn the uricxte ndcd diagonal 8S show below: Fig. 124

Step 1 c Step 2 o

F
o

c o

F

\ B
I~

Fig. 124

STEP 2

Mark the points for the reduced rectangle on lines AB and AC,

which are E and F respectively. From these points E andf draw

parallel lines to lines AB and AC to locate on the diagonal at

point O. Rectangle AEFO is the reduced rectangle.

ACTIVITY 3.11c-2: Fig. 125: to reduce a plane figure to a similar

figure in a given ratio.

C ive n: An irregular hexagon polygon to be reduced in the ratio3:2.

PROCEDURE

Draw the given irregular hexagon polygon ABCDEF with AB as

base.

I)r;I\\' line BC <It ;111)' convenient angle.

,188



:'" Divide line BG into the number of parts corresponding with the

lClr~cst number of the given ratio(3).

* Drop verticals afrom these points to the extended line from the

base line. Point 3 to locate H and point 2 to locate i.

Bisect AH to give point j and draw a semicircle of radius HJ from

poirit j.

Bisect Ai to give pain tk and draw a semicircle of radius ki from

po m t k.

Draw (I vertical line from B to touch the semicircles at LandM.

.Joi n M to A.

Draw a line parallel to line AM from point L to touch line AS at "a".

Draw af parallel to AF, fe parallel to FE, etc.

The shaded portion "BafedC" is the reduced hexagon polygon.
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I' c

c

1-1
\.

,\

\ \

t

Fig. 125 Reduction of a

plane figure .

•\CTIVITY 3.12-2: Fig .• 126 '. To enlarge a plane figure to a similar

figure in a given area ratio.

Given: ,\11 irregular hexagon polygon to be enlarged in the ratio 2:3.

PROCEDURE

Draw the irregular hexagon polygon ABCDEF with AB as the base.

At any convenient angle draw line BO .

Divide line BO into the number of parts corresponding with the

largest number of the given ration (3).

Dro p \'c'l'lic"ls from rhc se points to the extendecl line from the base

line. Point 3 to locate H and point 2 to locate i.
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Bisect AH at J and draw a semicircle of radius HJ from pointJ.

Bisect ALat k and draw a semicircle of radius ki from point k.

* Draw a vertical line from B to touch the semicircles at LandM.

* Dr aw 8 line parallel to line AL to touch the base line at 'a'.

Extend the diagonals BF, BE, BD and Be to giveBf, Be, Bd and Be

Draw af parallel to AF, fe parallel to FE, etc. to touch the diagonals

respectively.

The shaded portion Baledc is the enlarged polygon.

H

Fig 126 Enlargement of

a plane figure.
ivl
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SELF ASSESSMENT QUESTIONS.

What name is given to a plane figure with four sides and four

interior angles? A involutes B triangles

c quadrilaterals D helix

2 what is the name given to a plane figure with four equal sides

/\ I"CCL,-\ ngle B square c kite o involutes

3 A hexagon has how many sides.

A .5 sicks B 6 sides C 7 sides 0 8 sides

-i .. r:... 45C' SL'l squu rc is used LO draw ____ polygon

A nonagon B octagon C heptagon D hexagon

0. What name is given to polygons with all sides of equal length

.A Irregu18 r polygon B unequal polvgon

C uneven polygon 0 regular polygon

6. The following are polygons except

:\ IX'n t '-I "0 nb C involutes 0 octagon

Use the figure below Ior Cluestions 7 and8. The figure shows a regular

pen tagon on a triangles OPQ. The base of the triangle is 5 times the

side of the pentagon.

u

Q
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\\I1Lll is the re la tion sh ip bet\\'een the areas of 6POQ and the

pentagon RSTUV?

A the two figure are equal in area

B the triangle is5 times the area of the pentagon

C the pentagon is5 times the area of the triangle

o the triangle is3l~ of the area of the pentagon

;-.; \'\./11<11 k i ncl of lriclnglc is 6(W(J

!\ acu t.e angled B right angled C Isosceles D Scalene

8. Use the figure below for question9 and 10

< WXy =' 72° and < WXZ =' 31 °

y

W x

Z

Cu lc u lu lL' LWZX /\ 118 B 144" C 175" 0 178'"

10 What is the name of the quadrilateral?

A square B rhombus C parallelogram 0 kite

Answers

(il~: (1) B (3) B (4) B (~») 0 (6) C (7) A (8) C (9) A (10) D.
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3.2.4 Module 4 - Loci part 1:ellipse, parabola and hyperbola

Covered in this module are the various conic sections produced when a

plane passes through a right circular cone. These shapes are ellipse, parabola

and hyperbola. They are geometric curves used in drafting.

Definition; A locus (Singular of loci) is the path traced by a point which is

governed by certain laws or rules.

OBJECTIVES

At the end of this modules students should be able to

.:. Defme locus

.:. Identify and draw different conic sections

.:. Construct the different curves (ellipse, parabola and hyperbola when

given the focus to the directory and the eccentricity)

.:. State the applications of the different curves mentioned above.
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HOW TO STUDY THIS MODULE.

I~edcl thl?oogh t hc module o ncc noi.ing the main idea

* Study the module step by step as it has been arranged for you

-Practice the drawing in the examples.

=Practice the drawing in the example .

•!. Do the self- assessment question at the end of the module.

:. Do riot look at the answer before answering the que stiorxat the end of

lilt.' mod u lc

ACTIVITY 4.0-2: CONIC SECTIONS: Conic sections are shapes

produced when a plane intersects a right circular cone. Five types of

s ha pe s are produced. These shapes are circle, ellipse, parabola

The type or shape produced depends on the position of the cutting

pLllll:. These are illu st rn ted ill the figure below:

C II\C 1.1:

< --
0
c:l
«
~-, <-, I>

<, Ig
J~

-,
127: Conic

Sections

Fig.
<

'::;::;D~' .
-/

'.'

>-

r

195



ACTIVITY 4.0a-2: Circle: A circle is produced when the plane is

.u l'I~lll ~\I1gk to the nx is .md CULS all the element on one side of the apex
I

rig. 128

Fig. 128: Circle section

ACTIVITY 4.0b-2: Ellipse: This curve results when a plane

passes through the cone inclined to the axis. Fig.129

Fig. 121). Ellipse s cctiun

i_I _------'
ACTiVITY 4.0c-2: Parabola: This curve is produced wl icn the culling

plane passes through the cone parallel to one element. Fig. 130
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/
I

I
I

I

'.-1) \

Fig, 130 Parabola section.

ACTIVITY 4.0d-Z, Fig. 131 : Hyperbola section occurs when a plane

passes through the cone parallel with the axis of the cone.
I

I

'.'

Fig. 131: Hyperbola section

Another shape that can be produced from come sectionIS triangle.

Triangle IS produced when a plane passes throughthe axis of thecone.

Fig, 1:12,
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Fig. 132: Triangle section

Apu r: fl-OI11the conic scc unn s oneof the ways of consuucting these

curves IS to be given the focus to the directrix and theeccentricity.

Figure 133 (a - c)

The ratio PF:()I> which is equal to unity or

one is the eccentricity

I)-+------e----<a---------
F

Axis Pf'/O}' =1

o
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f

o

The ratio PF:OP which 1S greater

D
than one is the eccentricity (PFJOP

2 > 1)

F

Fig. 133 (b): Hyperbola

The ratio PF:OP IS less than one IS

( ) the eccentricity

Axis PF/OP <1
D~------4---~-------- --------+---------------

Fig. 133(c): Ellipse

F()ClIS

, '

\' Vent:"

D Directrix

Line OP is always at right angles to the direstrix

ACTIVITY 4.1-2: Ellipse

Ellipse: An ellipse is a curve formed by a point moving in a plane so

th~\t the sum of the distances from t\VO fixed points is constant and equal

II) i l «: in.ijo r .rx is It consists 01" two axes which bisects at right angles,

Th.:«: :1.'\es ,-j re known as major axis (longest diameter) and minor axis

199
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(~11tInl'~L d iu rric tc r] vvh ile the curved line which bounded this plane figure

is called the circumference.

ACTIVITY 4.1a-2: Applications of Ellipse: Ellipse have a wide range of

upplicaticris in the design of some home decorations such as trays and

plates and also in some automobile spare parts such as the gasket.

ACTIVITY 4.2-2: CONSTRUCTION OF ELLIPSE

ACTIVITY 4.2a-2: Fig. 134: Ai.i x ilia ry or concentric circles method

Given: Diameter of major axis

Diameter of mirio r axis.

Step 1

c
-> :

// I

/ I
\ I I-r - ----·-i---

\ I

\ I

I

."\13and CD respectively.

(I) lkl\\' two eirek':) equal In

diameter to the major and minor axes

2QO



Step 2

8

7

Step 3

9 10

7
/!'-"
I .

\

10

12

Divide the circles into 12 equal
parts

Drop perpendiculars from the points

where the lines touches major axis

circle, and draw horizontals from the

points where the radiating lines cut

the in ncr circle to intersect the

verticals. These in tersectors are

points on the ellipse.

Fig. 134: Auxilliarv or Concentric Circles Method,

ACTIVITY 4.2b-2: Fig. 135: Trammel methods

Given: Major axis AB

.\
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Step 1 c

.\ B
o

Draw the given major and rmrior axes to

I)
inrr rscct <It point O.

Step 2

OA = Y2 major axis

OA ~I OD = Y2 minor axis

OD

mark

T Cut a strip of paper (trammel), and

d

off the distances AO (half major

axis) and 00 (1/2 minor axis) on it

Step 3

__ ~ __ ~~ __ ~ __ ~ ~ B

Place the trammel on the axes

/-\ with point 0 moving along line

I
/"

CD (minor axis), point 'd ' along

line AS (major axis) ancl mark

J) the ellipse points at 'a',
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Step 4

c

/\

o Join the marked points

Fig. 135: Trammel Method

B
wi th a French curve

ACTIVITY 4.2c-2: Fig. 136: Focal Point Method

Focal point is when a point moves so that
the sum of tis distance from two fixed points,

called focal points or foci, is constant.

Major axis AB
M inor axis CD

Definition

Given:

Step 1

Draw the major and minor axes to

B intersect at 0, locate the focal Pointsr. o

l)

with radius equal to the semi-major

axis AO or 08 centred atC or D,

The points Fl and F '2 \\'lwrl' tlll'Sl' <l1"CS

ClIL ih« rnujor ax is a re the focal points.

Cb'l + CFl = AS,
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I~ I{ = J)isl. /\13

y,
E r i : ~_. __.__ n

T~
D

A

I{ = J)ist. AS
i{ 00 I)ist. 1\1: -

c

.\

I{

'.

/1
z

o

I{ v

/\

I I.

Fig. 136: Focal Point Method

To find the points on the ellipse such

as R & T, locate a point E between F,

and 0, using points F\ and F2 as

centers, and radii equal to the

distance from point A to points B, and

from point B to E strike intersecting

arcs at R and I .

Repeat the same procedure to

13 locate other points Y& Z on the

other two quadran ts.

Join the marked points
l3

with the aid of the

French curve
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ACTIVITY 4.2d-2: Fig. 137: Rectangular method.

Given: Major and Minor axes AB and CD respectively.

G
0

andI Draw a rectangle equal . in length
")

3 breadth to the major and mrnor axes

~ I~ respectively.
4

3
2 Divide lines OB, and into the same

I number of units (Maximum of four). All the
()

H units on a line sho~lld be of equal length.

Step 1

F i------- - - - - -------

/\ 1 2 3

E

F
c

I
II
I
----------+-...,l-.:..,!-.

()

E

o Draw lines from. poi8t C to the

points on line BG.

"'.'
Draw lines from point D to the

points on BH.

"'.)
2
I
o

H

Fig. 137: Rectangular Method

Fro m point C draw through positions 1, 2, and 3 on the major axis to meet

r.u li.uiru; lines 1, 2 &. 3 from D. From point D draw through positions 1, 2

and' 3 on the m ajor axisto meet radiating lines 1,2 and 3 from C. Join the

point of intersections to obtain one half of the ellipse. Locate points in the

remaining quadrants in a similar way.

t.

Of·'
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NOTE: If the conj u ga tc diarncter sare given the method of construction is

exactly the same as the diameter method. Conjugate in this regard means

that two diameters are conjugates when each is parallel to the tangents at

the extremities of each other.

ACTIVITY 4.3-2: PARABOLA

F':lr;i1)l)l;l is the locus of a point, which moves so that its distances

f r om a fixed p oin t.i thc ,'OCLlSa nrl 8 fixed straight line, the directrix are

ACTIVITY 4.3a-2: APPLICATION

The parabolic curve is used in engmeenng in the design of bridge,

arches and dams, it is also used in forming the shape of reflectors for sound

;111(\ light bCG1USl:' it possess the property that if a source of light, heat or

s()lIJ1ci is placeci at the focus, rays reflected from the parabola form a parallel

IX:11ll (<.:~.g. hane! torches, car head lamps and electric lamps). Equally, rays

i:il'ill.c~ \111111\' p;lr;ti)()I,1 from l)Lllsic1c will be reflected to the fOCLl'S(e.g. radar

;1J1c11';lclio d islicx].

It is also used 111 the aspect of physics calledkinematics as graph of

displacement against time for a body moving with uniform acceleration in a

slr:lighl line.

'I
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· ACTIVITY 4.4-2: CONSTRUCTION OF PARABOLA

ACTIVITY 4.4a-2: LOCUS METHOD, FIG. 138

Given: The directrix to focus.

NOTE: DV = VF

[~I
I
I

I

IV
=-e

0 F

I
i

\

,
:1

Position the Directrix (AB) and draw a

line DC perpendicular to the directrix

C at point D. Locate the Focus (F). Bisect

OF to give the vertex V.

Step 2
X

I

~
I

1 I
r-. I

Il I

L I~ I
I
I,

D \. II
I

..\
Q

c::: I
I
I

X

Draw line X-X parallel to the directrix at

any convenient distance from F to cross

the centre line or axis at point H.

\Vith radius DH and centre F draw an

arc to cut XX at I and"j, which gives

points on the parabola.

In a similar way locate as many points

as necessary to draw the parabola.
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Step 3 x·I

13
Join the points with a

French curve to pass

IJ
I

V I

F I
I
I
II.

\ I
I
I
I
I
I
I
I
I L

c through the vertex V. At

H
the vertex (V) the parabola

crosses the axis at900.

x

Fig. 138

ACTIVITY 4.4b-2: Circumscribing rectangle method
•.

To construct ap.uabo!a within ;\ given rectangle, Fig139

Given l~isl- r\B and span ,:\C.

~ ~ "' I.1 -

•••I

")
_J_

:.;
V>

c:::: 3

-4

-~-
.;

r
~

/
,I

r
/-

Axis of
sy111111etry

I

3

Spall

Layout a rectangle using the span and rise.
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Divide the rectangle into two equal parts by the axis of symmetry.

Divide each half of the rectangle into any equal number of parts (sayS).

The divisions on the rise and span may not be equal in size.

3

Fig 139

5

Draw verticals parallel to the axis through one set of division and join each

of the other divisions toO. Where these verticals meet the radiating lines

ho m () 1'01'L';\ch n u m ber is a point. Join the points.

ACTIVITY 4.4c-2: To draw a tangent and normal to a parabola and to

determine the focus and directrix. Fig. 140

Step 1

Central <l.\is
,~
•

I
Fig. 140a
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Ura,\· t.he parabola using the circumscribing rectangle method.

Mark off point 0 anywhere along the central axis.

From 0 draw a line at right angle to the central axis equal to twice VO and produce

OP

.Join P LO V where this line crosses the curve mark off pointQ. Draw a straight line

vvi ih ;1 T -SC]U8~:~ from Q to touch the central axis at F. Point F is the required focus.

With radiust'qll:11 to FV and from point V OIl the central axis mark off point D to

"-
locate i iu: d ircct rix DV = VF [ecce nuicity is unity).

[)

'Tangent

p

o

r C,,,,,,,1 axis

To draw a tangent and normal on ' point R. From F (focus) draw

through R and produce FT.

A
Draw vertical line from R to produce S. Bisect FRS and produce

Biscc t SRT LO produce the tangent.
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PARABOLIC ENVELOPE METHOD

To construct a parabolic curve through two given points A and B. fig.

141

Step 1

I
.\ ~

I

!
I

IT,t
, .

Locale the two given points A and B and choose the

third point C (assumed point).

Draw lines connecting the pointsAC and CB. The

t xvo lines mnv be drawn at any angle to each other.

Divide the lines into the same number of parts .

•
B

i\

,.
.)

,
)

-1

:'I

6

C

(I I~

Join the points 1-1,2-'2,3-3, etc.

Draw parabola tangential to lines1-1-, 2-2, 3-3-,

4-4, etc.

Fig. 141 Parabola Curve.
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•

5

Join the points 1-1,2-2,3-3, etc.

Draw parabola tangential to lines1-1-,2-2,3-3-,

4-4, etc.

6

C

o -+ 5 6 B

ACTIVITY 4.5-2: HYPERBOLA

r

Hyperbola is the locus of a point which moves so that the ratio of its

distances from the focus and directrix is constant and greater than l.

!'vl~llhematical1y, a hyperbola is defined as a plane curve traced by a point

moving so that the difference of its distance from two fixed points (the foci) is

a constant equal to the transverse axis.

Transverse axis: Is the distance between the vertices of the two curves.

ACTIVITY 4.5a-2: Application

Hyperbolic curves are used in space probes. It can also be used to indicate

varying pressure of gas as the volume varies.

x X'{ = transverse axis

'{
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The ratio 1:1.67 means that the distance from the focus to a point on

ACTIVITY 4.5b-2: To draw a hyperbola for a given ratio (in this case

5/3 or 1:1.67). directrix/vertex dimension is 12mm. Fig. 142

the curve is 1.67 times greater than the distance from the point on the curve

to the directrix.

To obtain the vertex/focus dimension multiplyl.67 with the D/Y

dimension.

D/Y = 12mm

YF = 12 x l.67 = 20mm.

Step 1 Step 2

o

I

-----------------~

'<0 1/ <.: 1

- +- 1

1
I.
10
1

l3

V F
V F

B
B

With centre F and radius FO times the
I'():-;ilillil tile focus. vertex and directrix.

011 tile centre axis draw line BB parallel
eccentricity draw arcs to cut BB above

and below tile axis
to tile directrix to give point all the axis.

1

I

\
\

Step 3
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Other points on the curve are fixed in

the same \\ay by taking the distance

D
1

10 Ip I Q
I, . I I

FPX the eccentricity for line CC.FQ
1 I I
1 I I
I I I times the eccentricity for line EE etc.
I I I
I \ I
1 \ \ Fig. 1421 \

\
<, ..JI

B C E

ACTIVITY4.5c-2: To construct a hyperbola using the foci method.

Fig. 143

Given: The foci F: and F2, and the transverse axis AS.

Step 1

transverse axis ."\13. Bisect F1F2 and

10

draw a circle wirh centre 0 passing

(
-----.l-Al

II .
I

through F \ 8: F: as shown in the

B

drawing above

l.a- off a convenient number ot

points on line F\F2 extended (in this

case 3 pts).

Fig.143
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Step 2

C I
~--.-.

R = A3

E

FI

1

F· 1413Ig.
G

>
'~J

With points FI and F2 as centers and radius A3 draw arcs C, 0, E and G.

't..
With points Fl and F2 as centres and radius B3draw arcs to intersect the arcs at

C, D, E and G to give points on the curve.

For more points layoff more intersecting arcs using radii of A2and B2. Al and Br. . .•...

.Join the points with french curve.

ACTIVITY4.5d-2: To construct a hyperbola with the asymptotes and

one point on the curve given. Fig. 144
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Definition

Asymptotes are lines, which are tangents to the hyperbola at infmity.

B G
Draw the given asymptotes OA and

08 and locate the given point on the

curve X.

Through point X draw lines EF and

G H parallel to the asymptotes.
,.

o H

B

A

Fig. 144

oFrom pointl draw a number of radial lines intersecting GH at points i, ii,

iii and iv and EF at points 1,2,3,4 (at any convenient distant).

Draw lines parallel to the asymptotes at points1 and i. '2 and ii, etc.

Join the intersection of these lines with a French curve to produce the

curve.
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ACTIVITY 4.5c-2: To locate the asymptotes of a hyperbola. Fig. 145

Given: The hyperbola, foci and transverse axis.

Given: The hyperbola and the point of tangency P.

1'1

aw the given hyperbola and

locate the position P.

Draw lines from P (0 F: and F2·

Bisect angle F1PF.:?

The bisector LP is the required tangent.

L Fig. 146

SELF-ASSESSMENT QUESTIONS

1 The total of all the positions occupied by a pointwhich varies its

position according to a given law is its:

!\ line B locus c curve o plane

Which of the following is not a conic section?

A A frustum B A circle C An ellipse 0 A triangle



3 The diagram below is an incomplete construction of the locus of a

point 'P' measuring relative to a focus F and a directrixY -Y" If the ratio

VFjVX is less than unity, then the locus is a part of:

y

F

v~
Xl-------~

y

A A circle 8 A ellipse C A parabola o A hyperbola

4 Which of the following information will be required in constructing an

ellipse using the concen tric circle method

A Focus and directrix B Major axis and focus

C Minor axis and directrix 0 Major and minor axis

:-l The cccem.ric ity of a parabola is

(A) Zero (8) Unity (C) Greater than unity (0) less than unity

6 The locus of a point, which moves so that its distance from the

focus equals its perpendicular distance from the directrix is:

(A) Hyperbola (8) Parabola (C) Ellipse (D) Cycloid

7 Line A8 in the figure below is called the?

(A) Ordinate

I3

C

Directrix

Asymptote

i\ R

Parabola

o Normal
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8 Which of the following is not applicable in the construction of

hyperbola?

(A)Asymptote (B) Abscissa (C) Directrix (D) Minor axis

Use the figure above to answer questions 9 and 10

9 What method of ellipse construction is shown?

(A)Rectangular method (B) Auxiliary method

(C) Focal point method (D) Trammel method

10 The distance X Z represents the

(A)Minor axis (B) Major axis

(C) Half minor axis (D) Half major axis

Answers

(1) B (2) A (3) B (4) 0 (5) B (6) B (7) B (8) D (9) D (10) D.

,.",
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3.2.5 Module 5 - Loci part II: cycloid, hypocycloid epicycloids,

involutes curves and Archimedean spiral

OBJECTIVES

By the end of this module student should be able to:

Define cycloid, hypocycloid, epicycloids involutes and archimedean

spiral

State the application of these drawings in engineering

Construct the different curves.

The cycloid, hypocycloid, epicycloids and involutes curves are the basic

forms used for gear teeth.

In the cycloid gear tooth pro file, fig. 147a the upper part of the base line

consists of parts of an epicycloids while the lower part of the base Jine consists

of parts of the hypocycloid.

In the involutes gear tooth profiles, fig. 147b the part above the base circleis an

involutes.
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Involute

Epicycloids

Base circle

Fig. 147a

Involute tooth (the rack teeth is a
straight profile)

Involute tooth

Fig. 147b

Cycloid tooth

ACTIVITY 5.0-2: CYCLOID

A cycloid is the locus of a point located on the circumference of a

circle, which rolls on a straight line withou t slipping.

ACTIVITY 5.1-2: CONSTRUCTION OF A CYCLOID CURVE, Fig. 148

Given: The span of cycloid AB.

Step 1: Divide the span length AB by Pi(Fl] to get the required diameter of

the generating circle.

Step 2: Draw the generating circle and the span AB tangential to the circle.

Step 3: Divide the circle and the tangent line AB into an equal number of

divisions. (Twelve for convenience).

Step 4: Through the points on the rolling or generating circle circumference

draw parallel lines CDEFGH to the fixed line AB.

Step 5: Project perpendicular lines on the division points on thefixed line

AS to the centre line of the circle (in this case line F).
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Rolling or
generating circle

»> .......•.•.

A /~ -- 0
E__

<:V\ F

/1I\'~J I G

\/ \
1\/ H

<,
»>

v
,1-

i\ .., - R

c

2 4 ) 6 7 8 9 10 II 12

o

I- SPAN ~I
Step 6: At the intersections of the perpendiculars with the centre line F.

Draw circles of diameters equal to the rolling circle represen ting the various

position of the rolling circleas it moves to the right.

Step 7: Mark the point of tangency(OJ 12) between the rolling circle and the

span as p.

Step 8: Mark pointsPI, P2, Pl, ... PI2 with a cross where each of the circle

cu ts the corresponding horizontal line i.e. circle with centre perpendicular 1

cuts horizontal line 1 (line H) at Pt. circle with centre perpendicular 2 cuts

horizontal line 2 (line G at P2, circle with centre perpendicular- 3 cuts

horizontal line 3 (line F) atP3 etc. Connect all the pointsPI, P2, P3, ... Pl2

with a smooth curve to complete the cycloidal curve.
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Rolling or
generating circle

E c

BA

o Fig. 148

Note: The span AB = 2ITR or ITD (circumference of the rolling circle).

Therefore the span can equally be determined when given the rolling circle

radius or diameter.

The span represents the rolling distance of one revolution of a diameter.

The locus may be continued, but repeats itself for each complete revolution

01" the rolling circle.

ACTIVITY 5.2-2: HYPOCYCLOID

An hypocycloid is the locus of a point on the circumference of a rolling

circle which rolls without slipping round the inside of a fixed circle called the

base circle.

ACTIVITY 5.3-2: To construct an hypocycloid, fig. 149: The construction

of an hypocycloid is similar to that of cycloid except that the generating

circle (rolling circle) rolls on a curve line instead of a straight line.

Given: Base circle diameter, generating circle (rolling circle) diameter.

22~
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Step 1: Determine e using the formulae = 360 x djD.

Where d= Diameter of rolling circle

D = Diameter of base circle

e = The angle sub tended at the centre of the base circle.

Step 2: Draw line AO equal to the radius of the given base circle.

Step 3: Using point 0 as centre and radius AO draw an arc OB subtending

angle 8. Join B to O.(Note: The length of the arc AB= the circumference 01

the rolling circle Fld).

Step 4: On line AO, draw the generating circle tangential to arc AB on the

inner side at point A. Divide the generating circle into twelve equal parts.

Step 5: Divide the generating circle into twelve equal parts and draw an arc

from each point on the circle including the centre point C to touch line OB.

Step 6: Transfer the twelve divisions on the rolling circle to the arc AB.

After this draw lines from the 12 points on the arc AB to the arc centre O.

Step 7: Where these lines intersects the centre line arc C, draw circles of

diameter equal to the rolling circle representing the various position of the

rolling circle as it moves to the right.

Step 8: Mark points PI, P2, P.3, ... Pl2 with a cross where each of the circle

cuts the corresponding arc i.e. circle with radial line 1 cuts arc 1 atPI, circle

with radial line 2 cuts arc 2atP2 ... circle with radial line 12 cuts arc 12 at

point 12.

Step 9: Join these pointsPI, P2, P3 to Pl2 with a perfect curve to produce

the required hypocycloid.



4

Centre line C

Base circle

2 e

o

Rolling circle

Fig.149: Hypocycloid

ACTIVITY 5.3-2: EPICYCLOIDS

An epicycloid is the locus of a point on the circumference of rolling

circle which rolls without slipping round the outside of a fixed circle called

the base circle.

ACTIVITY 5.4-2: CONSTRUCTION OF EPICYCLOIDS, fig. 150

The method of constructing epicycloids is similar to that of

hypocycloid except that the generating circle rolls n the outside of a curved

line.
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A

p"

Centre line C

4
Base circle

,
J

o

o

Rolling circle

Fig. 150: Epicycloid

ACTIVITY 5.5-2: THE ARCHIMEDIAN SPIRAL

The archimedian spiral is the locus of a pointmoving uniformly

around and away from a fixed point.

ACTIVITY 5.5a-2: APPLICATION: It is used in design of cams to

change uniform rotary motion into uniform reciprocal (straight line) motion.

ACTIVITY 5.6-2: CONSTRUCTION OF ARCHIMEDIAN SPIRAL, fig. 151

Given: CB (The rise of one revolu tion)

Step 1: Locate the centre C. Draw CA and CB equal to the given rise.

Step 2: Divide CB into equal number of parts say eight (8) for convenience.

Step 3: With point C as the centre and radius CB draw a circle.

Step 4: Divide the circle into the same number of equal parts as line CB (in

t hi s example 8). Number the radial lines, starting with first line after line

eB.
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Step 5: Using centre C and radiusCr draw an arc to cut radial 1.With C

as the centre repeat for radials 2 to 8.

2 I

~

41\ 8
B

5

6

Fig. 151: The Archimedian Spiral

Note: It does not have to finish at the actual centre of the circle; it can

finish at the radius of a smaller circle.

ACTIVITY 5.7-2: INVOLUTE

The involute of a circle is the path formed or tracedby the free end of

a string as it is unwound from the circle or polygon.

ACTIVITY 5.7a-2: APPLICATION: AS earlier stated the involute is used in

the design of involute gear teeth.

ACTIVITY 5.8-2: TO DRAW AN INVOLUTE OF A CIRCLE, fig. 152

Given: The circle with centre 0

The starting point P
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Step 1: Draw the circle and divide it into a number of equal parts say eight

(8).

Step 2: Mark the first division on the circumference of the circle as point P.

Step 3: Draw tangents at P, 1, 2, 3, --- 7. On the tangent drawn at point P,

step off the same number of equal spaces as the number of division on the

circumference of the circle in this case (8).

Step 4: On tangent 1 layoff a distance equal to the length of P - 1. From

the horizontal on tangent P, layoff a distance equal to the length of the

distance P - 2, from the horizontal division, and so on until the distance on

the final tangent has been set off.

Step 5: Draw a curve line through these points on the tangents to give the

required involute.

Fig. 152

ACTIVITY 5.9-2: TO DRAW AN INVOLUTE OF A SQUARE, fig. 153

Given: Square ABeD

Starting point O.

Step 1: Draw the given square

PB ~:-__»>
>-



Step 2: Extend straight lines from points ABCD to an approximate location

of points. Mark the starting point 0 on any of the extended line (in this case

line DH) at any convenient radius to point 0 but far away from D.

Step 3: Using point A as the centre and a radius of AO draw an arcfrom

point 0 to touch the extended line from A at point B. Using B as centre and

radius BF draw an arc from E to touch the extended line from B at F.

Step 4: Using C as centre and radius CF draw an arc from F to touch the

extended line from C at point G.

'Step 5:Continue in the same manner around the square until the required

Finvolute is completed.

E

B

Diagram

G

c

Fig. 153

ACTIVITY 5.10-2: CONSTRUCTION OF AN INVOLUTE OF A TRIANGLE

The construction of an involute of a triangle (usually equilateral triangle) is

sirn i1ar to that for the involu te of a square except that the number of sides

will be three instead of four.
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SELF-ASSESSMENT QUESTIONS

(1) The term epicycloid is defined as the path traced ou t by a point on

a circle rolling without slipping on

(a) A straight line (b) The outside of a base circle

(c) The inside of a base circle (d) A parabola

(2)

The curve shown in the figure above is

(;.t) An cpicycloid s (b) An ellipse

(c) An archimedean spiral (d) An involute

(3) The locus of a point on the circumference of a circle as it rolls without

slipping around the inside of a larger circle is

(a) Cycloid (b) An involute

(c) An epicycloid (d) A hypocycloid

(4) In which of the following is the involute of a circle practically applied

(a) Circular profiles (b) Cylindrical solids

(c) Gear teeth (d) Round objects

(5) The locus of a point moving uniformly around and away from a fixed

point is

(a) Archimedian spiral (b) Epicycloid

(c) Hypocycloid (d) Cycloid
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(6) is used in the design of cams to change uniform rotary

motion into uniform reciprocal (straight line) motion

(a) Involute (b) Ellipse (c) Cycloid (d) Archimedean spiral

(7) The locus of a point located on the circumference of a circle which

rolls on a straight line without slipping is

(a)

(cl

(8)

An involute (b) A cycloid

Epicycloid (d) Hypocycloid

~nd
The path traced by the free/of a string, as it is unwound from a circle

or polygon is

(a) An ellipse (b) A cycloid (c) An involu te (d) A cylinder

ANSWERS

( 1)

(5)

B (2)

(6)

D (4)

(8) c

D (3)

(7)

C

A D B
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3.2.6 Module 6 - Loci part III: link mechanism and helix

OBJECTIVES

By the end of this module students should be able to:

Define link mechanism and state it application in engineering.

Define helix and state its application in engineering.

Construct various types or link mechanisms

Draw different types of helices.

HOW TO STUDY THIS MODULE

Read through the module stepby step

Perform the activity presented as examples in the module.

Do the self-assessment questions at the end of the module without

referring to the module.

*

*
*
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In machine designs link mechanisms have a very wide application,

especially in machines with a reciprocating action such as automobile

engines like motor cycle, motor cars etc. In the design of mechanism it is

important to trace the movement of the parts (the locus) so that the forces

present can be found and clearances checked by providing suitable guard.

The connecting rod and piston in a motorcar engine is an example oflink

mechanism. Figure 154

OA is the crank and the locus of A is a circle

AB is the connecting rod

C is the piston.
o

//~ A

c ._._.-.-._.-.-._._._.-.- _._._._._.- 0

B

Figure 154: Link Mechanism

D The guide is called the cylinder in a motorcar engine.

ACTIVITY 6.1-2: The crank 00 rotates about a fixed centre O. The rod is

pin jointed at 0 and is fixed to the slide (B) at the other end. ~he end B of

the connecting rod is constrained to move in an east to west direction along

the line AO. Plot the locus of P when the crank 00 makes one complete

revolution.
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A -'-'-'-'-' ._._._.

o

o
B

To plot the locus the mechanismIS drawn in several positions with the

position of the tracing point on each marked. A curve drawn through these

points will give the required locus. Fig. 155

12 7

Step 1 ///
A _._._._._._._._._._._-_._._._--.-._._.-

~~~8

l

p
3

5

7
6

Divide the circle through D into a number of equal parts. (8 or12 parts) in

this case 12 parts.

Note: The radius of the circle is equal to OD (crank radius).

~~~9:lA _. - 4

5

12Step 2

Plot P on each position of BD. 8 7
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Step 3

p

12 2

...

.)

- 4

5.

8 7
0

Draw the locus with a French curve.

Fig. 155

ACTIVITY 6.2-2: In the figure 156 below, the crank AS revolves

anticlockwise about A. The rod CO is pin jointed at S and is also pivoted at

P. Plot;

(i) The locus of the point C as the crank AS makes one revolution.

(ii) The locus of point 0 as the crank AS makes one revolution.

Given: AS = 30mm, CO= 120, SD = 20

58

C

Fig. 156
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01

02

07

~----------------~

Fig. 156

PROCEDURE

Step 1: Draw the given figure and divide the circle through B into a number

of equal parts, eight or twelve for convenience.

Step 2: From each point on the circle plot a corresponding position for C

through P, and draw CD in eight positions.

Step 3: Join the eight positions of C (C}, C2, C3 ------ Cs] with French curve

to give the locus of point C.

Step iv: For the positions of the locus at D, extend each of the eightlines

CB to the left to produce BD.= 20mm (given).

Step v: Join the points (D!, D2, D3 ------ Ds) with a French to give the locus

of point D.

Note: When cranks of different radius rotates only the small crank can

make a complete revolution. If they are equal they, will both make complete

rcvo lu tion.
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ACTIVITY 6.3-2: SOLID GEOMETRY

SOLID GEOMETRY: A three -Dimensional solid object that has length,

wid th and thickness.

ACTIVITY 6.4-2: HELIX

Definition

A helix is the locus of a point moving around the circumference of a

cylinder at a uniform rate while moving parallel to the axis at uniform rate.

A helix is a three dimensional figure. The axial movement during one

revolu tion is called the lead or pitch.

A helix may be right handed or left-handed. A right-handed helix

moves into the mating part when turned clockwise (left to right) while a left-

handed helix moves into the mating part when turned anticlockwise (right to

left).

APPLICATION: Typical Application of helix are spnngs, bolt and screw

thread, gears (worm of helical), cylindrical cams, flutes on drills, auger bits

used in wood work, etc.

ACTIVITY 6.5-2: CONSTRUCTION OF AN HELIX, fig. 157

Given: Diameter of the cylinder, the lead or pitch

Step 1: Draw the two views of the cylinder given. The end view equal to the

diameter of the cylinder and the fron t view equal to the lead or pitch. Both

or them must maintain the same centre line.

Step 2: Divide the end view into an equal number of parts (in this case12

parts).
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Step 3: Divide the lead or front view along the axis into the same number of

equal parts as for the end view and project vertical lines equal to the given

diameter from these points.

Step 4: Project horizontal lines from the points 1, 2, 3, --- 12 on the end

elevation toterminate/the last vertical line on the lead.

Step 5: Mark the point of intersection of the vertical lines with the

corresponding horizontal line, thus marking the curve points.

Step 6: Join these points with a curve line to produce locus of the point.

6 7

LEf\O OR PITCH

,
)

)/ <. ./ "-..
1\ /\ 8 .v -,
<;IY\ 9 / 1\
\\~ I~/ V' 1\<II

\/ V IU V ")

.-<, ./' .> ,.
..,

12 II o 2 3 -+ 5 6 7 8 9 10 II IL

End view Front view

Fig. 157 Helix Construction

Helix may be single start thread or multi-start threads. In the single

start thread the lead is equal to the pitch while in the multi start thread the

lead is always greater than the pitch. For example, with a double start

thread the pitch is half the lead; with a triple start thread it is a third of the

lead, etc.
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•

Hidden details are generally omitted on helix drawings to avoid

confusion.

SELF ASSESSMENT QUESTIONS

(1) Which of the following is not a practical application of the helix

(a) Screw thread (b) Coil spring (c) Twist drills (d) Parabola

use the link mechanism in the figure below to answer questions '2, 3 and4.

M

I

Given that OP= 80MM, PM = 250MM and OM is horizontal

(2) What is horizontal maximum displacement (stroke) of M.

(a) 125mm (b) 160mm (c) 170mm (d) 330mm

(3) PO in the mechanism is referred to as the

Connecting rod (b) Piston (c) Sleeves (d)' Crank

(4) Which of the following does not use the principle of the above

mechanism?

(a) Automobile engine (b) Power hacksaw

(e) Sewing machine (d) Circular saw

(5) The type of curve applied in the manufacture of springs, screw threads

and propellers is the;

(a) Helix (b) Cycloid (c) Ellipse (d) Parabola

\6) What is the path traced by a mouse running at a constant speed

round a circle marked on the floor of a lift which rises at a constant

speed from the pyramid to the tenth floor of a building?
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( 1 )

[a ) Circle Cycloid (c) Ellipse (d)

Lead is thrice the pi tch

Helix

Root is thrice the minor diameter.

8

(b)

(7) In a triple start thread the;

(a)

(c)

Pitch is thrice the head (b)

Root is thrice the pitch (d)

o (2) 0 (3) 0 (4)

ANSWERS

o (5) A (6) o (7)



3.2.7 Module 7 - Developments

OBJECTIVES

At the end of this module students should be able to:

Define development and state its application in engineering

State the two classes of surface development "rule and double curve

surfaces"

Identify different types of ruled surfaces

Identify different types of curved surfaces

Differentiate between right angle object and oblique object

State reason (s) why certain surfaces are developable and some are not

developable

Identity the three methods of pattern development

Develop different surfaces usrng the different methods of surface

development.

HOW TO STUDY TIllS MODULE

• Read though the module step by step

• Perform the activities presented as examplesin the module

• Do the self-assessment questions at the end of the module without

referring to the module.
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BASIC CONCEPTS

An object to be developed may be right angle object or oblique

object.

Right angle objects are developed by laying out the true length lines

on a stretch out line or girth.

Oblique object development requires auxiliary projection to find the

true length lines.

The development of truncated objects is the same as if the object

was not truncated except that the truncated portion must be

located too.

In sheet metal development extra material must be provided for

laps or seams, bends and for finishing raw edges by hems.

In development the shortest seam or joint line is used because of

the economy of time and material achieved in making the joint.

DEVELOPMENT: Development is the layout of a pattern of a shape111 a

single flat plain in readiness for folding to a desired shape.Surface

development is applied in many engineering products such as (boxes e.g.

tool box and nail boxes) buckets, air conditioning duct, funnel or hopper,

etc. Development is used for manufacturing products that requires folding

or rolling of sheet metals.

Surface development is classified into two:

(i) Ruled surfaces

(ii) Double curved surfaces

The ruled surfaces are further classified as; "plane surface, single curved

surfaces", "warped surfaces"
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The single curved surface is produced when the generating line touches a

curve and moves so that any two successive positions either intersect

(conical surface) or are parallel (cylindrical surface). The plane and single

curved surfaces can easily be developed.The warped surfaces comprise

those ruled surfaces for which successive positions of the generating line

neither intersect nor are parallel e.g. automobile fender which is usually

pressed into shape.

Double curved surfaceIS an object that IS fully formed by curved lines

without straight lines. An example of double curved surface is the sphere.

Warped and double-curved surfaces are not developable unless they are

divided into small sections, which are developable.

ACTIVITY 7.0-2: METHODS OF PATTERN DEVELOPMENT

There are three methods of pattern development:

(i) Parallel line method.

(ii) Radial line method

(iii) Triangulation method.

ACTIVITY 7.1-2: PARALLEL LINE DEVELOPMENT

In this method all fold lines are parallel. It is used for object with

constant cross-section throughout their length. Fig. 158
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Fold lines parallel

ACTIVITY 7.2-2:

ne
e or

Fig. 159 Cylinder

PRISMS, Fig 160

~ Fig 158: Cube.
~/"1

~

Fold lines parallel

A prisms is named according to the shape of its base. The edges are

parallel to one another

Triangular
prism

o
Hexagonal
prism

ACTIVITY 7.3-2: TO DRAW THE DEVELOPMENT OF A SQUARE PRISM,

fig. 161

D

Fig.166.

Given: Front elevation ABCD and the plan

STEP 1: Draw the front elevation ABCD and the plan1,2,3,4.

STEP 2: Project lines from the top and bottom part of the elevation equal to

lilt' length of the four sides of the plan
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STEP 3: On the projected lines from the front elevation mark the distances

1 - 2, 2 - 3, 3- 4, 4 - 1 from the plan.

STEP 4: Draw verticals on the points to maintain the height of the

elevation.

STEP 5: Add a square equal to the given plan to the last division 4-1 at the

top and bottom.

:02

I
I J 3/ 4I

Develoument

1

Front

Fig. 161

ACTIVITY 7.4-2: TO DRAW THE DEVELOPMENT OF THE FRUSTUM OF

RIGHT CYLINDER AND THE CIRCULAR PLAN OF THE

CYLINDER, fig. 162

STEP 1: Draw the given truncated cylinder ABCD and the given plan

STEP 2: Divide the circumference of the plan into 12 equal parts and project

lines from the points to touch line AB on the truncated front elevation.

STEP 3: Project horizontal lines from the elevation where the lines from the

plan touches AB. Also project line DC equal to the circumference of the

given plan by stepping off the 12 divisions from the plan.
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STEP 4: Draw vertical lines Irorn the 121.1nits on DC extension to intersect

the projection lines Irorn line AS to obtain the curve poin ts.

STEP 5: Join these points with perfect curve to obtain the development of

the frustum of the cylinder.

A
r-, / <,

r-, /" <,

I
<, ./ <,

I

I B
I

I

I
I

Ni
1

0 1 2 3 4 5 6 7 8 9 10 11 12k: ~
cV 2

VV!\~ I

2~_i V

o

7

Fig. 162

ACTIVITY 7.5-2: DEVELOPMENT OF AN OBLIQUE CYLINDER

The development ofan oblique cylinder is similar to that for the

truncated cylinder except that the true lengths must be found in an

auxiliary view while the end covers if needed, are developed. from a

secondary auxiliary.

RADIAL LINE DEVELOPMENT.

ACTIVITY 7.6-2: PYRAMIDS, fig. 163

A pyramid is also named according to the shape of its base. The

sloping sides meets at the apexwh ile the axis passes through the centre of

t hc base and the apex.
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Base shape
Triangular Square
pyramid pyramid

Hexagonal
pyramid

ACTIVITY 7.7-2: TO DRAW THE DEVELOPMENT OF A PYRAMID,

fig. 164

Given: The elevation ABC arid the plan.

STEP 1: Draw the triangular front elevation and the hexagonal plan with

both maintaining the same centre line.

STEP 2: Draw diagonals across the corners of the plan and number them

from 1-6.

STEP 3: Project these poin ts vertically to touch the baseBe of the front

elevation end.

STEP 4: Draw lines from these points on lineBC to touch the apex of the

elevation.

STEP 5: With apex A as a centre and radius of the slant heightAB. Draw

an arc from B large enough to accommodate the chords on the plan.

STEP 6: Step off the units 1-6 from the plan on the arc with B as point O.

STEP 7: Join these points with straight lines i.e. 0 - 1, 1 - 2, etc to obtain

t.he cievelopment.

STEP 8: Draw a straight line from these points to the apex A.



RESULT

c

6
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4

J 2

Fig. 164

LENGTH IS NOT KNOWN IN THE ELEVATION, fig. 165 a

ACTIVITY 7.8-2: DEVELOPMENT OF A PYRAMID WHEN THE TRUE

Given: The front elevation and the top views of a right pyramid

STEP 1: Draw the given views

A

I~ c
I

C><J
..,
-

4 J

STEP 2: Project the base of the elevation to the right.

STEP 3: Locale the true length of the corner lines of thepyramid, by

rotating line 03 to a horizontal position in the plan. Then project the

(



horizontal line vertically to touch the extended base line on the elevation at

point D. Join A to D. This is the true length of the pyramid.

STEP 4: Using the length AD (true length) as radius and centre P draw an

arc EF for the stretch out line of the pyramid.

STEP 5: Layoff the length 1- 2, 2-3, 3 - 4, and 4 - 1 as a chord on the arc

EF, join the end points with P to' formtr;a...,rrlpc

A

B ~--------~~~
I

p ~------------~

4

Fig. 1658 E

ACTIVITY 7.9-2: TO DRAW THE DEVELOPMENT OF A CONE, 165 b

GIVEN: The elevation ABC and the plan.

STEP 1: Draw the elevation ABC and the plan equal in diameter with the

base of the elevation BC with both maintaining the same centre line.

STEP 2: Divide the circumference of the plan into twelve equal parts.

STEP 3: With centre A and radius AB draw an arc from B equal to the

circumference of the plan.

STEP 4: Step off units 1-12 along the arc.

STEP 5: Join 12 to the apex to complete the development of the cone.

}49.
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Fig. 165

ACTIVITY 7.10-2: TO DRAW THE DEVELOPMENT OF A TRUNCATED

RIGHT CONE, fig. 166

Given: The front elevation and the base circle.

STEP 1: Draw the given elevation and plan.

STEP 2: Divide the circular base (plan) into a number of equal parts.

Project these points vertically to the base line in the front elevation.

STEP 3: Project these poin ts on the elevation base line to the apex of the

cone.

STEP 4: Where the radiating lines cut the section DE project them

horizontally to touch AB.

STEP 5: With centre A and each of the points on AB (including point B) as

radius draw arcs.

---
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STEP 5: Mark off the plan units 1 - 12 on the arc from B and connect them

La A.

STEP 7: Mark off the intersection of the connecting lines from A and the

arcs and join them with curve line to produce the top shape.

12

c

8
7 H--+-~l'E---+--H

6
5 4

Fig. 166

ACTIVITY 7.11-2: OBLIQUE CONE

8

7

An obliqu~, cone has its axis inclined to its base rather than perpendicular

and because of this radial surface lines are not all the same true length.

The cone is divided into a number of triangles instead of a sector as in right

/ 2,51
~---.
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cone development. The development involves finding the true lengths of the

sides of the triangles and drawn out side by side.

ACTIVITY 7.12-2: TO DRAW THE DEVELOPMENT OF OBLIQUE CONES,

fig. 167

Given: The elevation.

STEP 1: Draw the given elevation and the circular base of the cone. Divide

the circular base in to 12 equal parts.

STEP 2: Project the points on the circular base to the base line of the

elevation and from these points radiate lines to the apex A.

STEP 3: Extend the base line of the cone to the right and draw a
1

perpendicular to this line from the apex A (AA).

STEP 4: From point A Rabatepoints 0 to6 to the base line extended to give

poin ts 01 to 61. Join these lines to the apex A. These lines are the true

lengths of the generators shown.

STEP 5: Start the development by positioning A - 61 111 the centre. From

point 61 strike arcs equal to one of the units on the base circle on each arcs

01" length or radius A - 5l Join the points of intersection of these arcs to

poin t A to give the first two triangles ASI 61 on the development.

STEP 6: To draw the next two triangles A41 SI with 51 and radius equal to

o nc: of the units on the base circle strike arcs. Intersect these arcs with arcs

or radius A41. Join these points to the Apex A to give triangles. Determine

other points in similar manner.

Note: Lines A - 0 and A - 6 are already in their true lengths.
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Fig .167 -: Oblique Cone Development.
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TRIANGULA TION METHOD

Triangulation is another major method used to layout a surface

development. The development involves dividing the surface into a number

of triangles.

The true length and true SIzes of the triangles are found and

transferred to a stretch-out.

Transition pieces are used to join pipes or ducts of different cross

section shapes e.g. square duct to a round one.

In order to determine the true length In a transitional pieces using

triangulation method two views are needed. These are the top view and the

front elevation.

Activity 7.13-2 To develop a transitional piece using triangulation

method. Fig.168

Given: Top view and front view

STEP 1: Draw the given views and determine the true length and true

distance as shown below. The height between points A and I is projected

from the front view to the true length while the distance y between

corresponding line end points A - I is found in the top view and transferred

to the true length diagram. The true lengths are the same for all the edges

since all the heights and top view distances are the same.
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STEP 2

True length is obtained by placing

p.an length at right angle to their

vertical height. The hypotenuse so
1\

Iorm ed is the t r u c length.
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SELF-ASSESSMENT QUESTIONS

(1) The following are methods for surface development except

(a) Parallel method (b) Radial method

(c) Surface method (d) Triangulation method

(2) The following are ruled surfaces except

(a) Parabolic surface (b) Plane surface

(c) Single surface (d) Warped surface

(3) Name the two general classes of surfaces

(a) Sphere and Radial surfaces

(b) Ruled and double curved surfaces

(c) Oblique and triangulation surfaces

(d) Parabolic and orthographic surfaces

(4) A sphere has a curved surface

(a) Single (b) Plane (c) Double (d) Radial

(5) A development that goes from square to round is called _

piece (a) Radial (b) Parallel (c) Double (d) Transition

(6) Lines on a stretch out that show where to make a fold are called

_____ lines.

(a) Curved (b) Straight (c) B and (d) pattern

(7) Using a series of triangles to develop pattern is called-----

(a) Triangulation method (b) Radial method

(b) Parallel method (d) Double method

(8) Cone shapes are produced by using line development.

(a) Warped (b) Radial (c) Parallel (d) Triangulation
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(9) If a semicircle is made to rotate about its diameter the solid generated

IS

(a) A cone (b) A pyramid (c) A sphere (d) A cylinder

(10)

The surface development above is that of a

(a) Triangular pyramid (b) Rectangular pyramid

(c) Square pyramid (d) Pentagonal pyramid

(1) C

(6) C

(2) A

(7) A

ANSWERS

(3) B (4) C

(8) B (9) C

(5) D

(10) C
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3.2.8 Module 8 - Intersections

Intersections are lines formed at the junction of surfaces where two or more

objects join or pass through each other.

Example is a cone passing through a cylinder.

Intersections are COlll1110nin the engineering and related fields. For

instance the automotive and aerospace industries, a lot of design works such

as panel, body section, wings, etc involve various intersections, which must be

correctly defined. The design and specifications of buildings require architects

and engineersto define the intersection of surfaces.

TYPES OF INTERSECTIONS

Intersections are classified on the basis of the types of geometrical

surfaces involved. Geometrical surfaces are classified as;

(i) Ruled geometrical surfaces

(ii) Double curved geometrical surfaces

RULED GEOMETRICAL SURFACES

Rule geometrical surfaces are surfaces generated by moving a straight

line. There are three types of geometrical surfaces; plane, single-curved,

and warped surfaces. Fig.170. Both the plane and single curved surfaces
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can be developed while the warped surface can not be developed (unrolled

into a single plane) because they are usually formed by peening, stamping or

expose process (e.g. tanker truck). Warped surface can only be developedif

it is divided into sections

Tetrahedron
Prism

Fig. 170 (a) plan Surfaces (Developable)

Right circular cone
Right circular cylinder

Fig. 170 (b): Ruled Surfaces (Developable)

Warped cone

Fig. 170 (c): Warped Surfaces (Non-developable)

259

I~

Oblique prism

Oblique prism

Hyperboloid of revolution



DOUBLE-CURVED SURFACES

Double-curved geometrical surfaces are surfaces generated by a curve line

revolving around a straight line in the plane of the curve. Fig171. double

curved surface cannot be developed into single plane surface.

o Sphere ( •• _.).. Torus
Paraboloid

Fig. 171.Double Curved Geometrical Surfaces

DRAWING CURVES OF INTERSECTION

Activity 7.14-2 How to draw the curve of intersection of two cylindrical

pipes of equal diameter joined at right angles. Fig.172

Given: The plan and the elevation.

Step 1: Draw the given plan and elevation

Step 2: At any convenient distance away from the plan and elevation

draw semi circles and divide them into6 equal parts.

Step: 3 Project horizontal lines from the points on the plan semi circle

to touch the plan of pipe X and project these points vertically to the

elevation.

Step: 4 From the points on the elevation semicircle project horizontal lines

to intersect corresponding vertical lines in step 3, to produce the

points of intersection.

Step: 5 Join these points to give the curve of intersection.
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No re: The lines of intersection for two cvlinders or equal diameters are

always straight line.

The same procedure IS usee! to draw the line or inrerse cnon of two

cylindrical pipes of unequal diameter joined at right angles. The only

difference is the line of intersection, which is always a curve as against a

straight line in two cylinders of the same diameter joined at right angle.

Activity 7.15-2 Curve of intersection for cylindrical pipes of unequal

diameter joined at an angle other than 90u _ Fig. 173

Given: The plan and the elevation.
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Step 1: Draw the given plan and elevation with the VIews inclined at a

specific anglee (Ref. Fig.17 4 )

Step 2: Draw a semicircle at any convenient distance away from the plan

and elevation and divide them into6 equal parts.

Step 3: Project horizontal lines from the points on the plan semicircle to

touch the plan of pipe X and project these points vertically to the

elevation.

Step 4: Project lines parallel to pipe Y from the points on the elevation

semicircle to intersect the corresponding vertical projections lines, to

mark the line of intersection.
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Activity 16.3-2 Drawing curve of intersection ofa cylinder

intersecting a cone

Given: The front elevation and the plan.

Step 1: Draw the given elevation and plan. Draw the semicircle as usual.

Step 2: From the points on the elevation semicircle draw the horizontal lines

IL, 2M, 3N, 00, 3P, 2Q, 2R.

Step: 3 Draw vertical lines from the points L, M, N, 0, P,Q, R to the center

line of the plan.

Step 4: Draw the circular cone sections on the plan with each radius equal to

the distance between the circle center and the points made by the

vertical lines from step three on the center line.

Step 5: Mark the intersection of the cone sections with their corresponding

cylinder sections to give the points for the curve on the plan.

Step 6: Project the points for the curve on the plan vertically to their

corresponding lines on the front elevation, to produce the curve points

on the front elevation.
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CIIAPTER FOUR

SYSTEMS DESIGN AND IMPLEMENTATION

4.1 Systems Design

Cornell (1997) defined system design as the process of developing a plan

for implementing the set of functional hardware and software systems. It is the

creative ability of combining the theoretical ideas with the available resources

to achieve a desired output or goal, that is, the objectives of the system to be

developed.

This idea was employed in development/design of "DEVELOPl'vlENT

OF COMPUTERIZED TECHNICAL DRAWING LEARNING DESK FOR

SECONDARY SCHOOLS."

Henceforth, the system shall be called T.D:BASICS, acronym for

development of Computerized Learning. Desk in Technical Drawing for

Secondary Schools.

4.2 Development of The Learning Software

Basically, T.D:BASICS was developed with visual Basic programming

language a programming language designed for the Microsoft windows

environment. Although there exists some other high level programming

language such as COBOL, FORTRAN, ALGOL, PASCAL ere,but visual Basic

was selected because it is considered to be the easiest language to leam as it

was originally designed as a beginner's language, it is user friendly and readily

compatible with Microsoft Windows environment.

Therefore T.D:BASICS supports most standard features of the Microsoft

Windows graphical user interface. This makes acquisition user friendly, menu-
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driven and also supports the use of mouse as an additional in put- device for

activating manus, command buttons and making selection in a list of options.

4.3 Features ofT.D.BASICS

T.O.BASICS is able to carry out the following activities:

Help the student to know the expected learning Outcome through the

outlined objectives.

Give instruction on how to study each module .
..
11

IV

Impart technical drawing knowledge in students.

Present technical drawing lessons in a modular form.

Make student progress through technical drawing curriculum at his or her

own speed without interference form the teacher/instructor.

Evaluate the student on every module studied

Process the result after evaluation and direct the student on what next to

1ll

v

..
VII

do based on the result.

\'1\1 Decide on whether to supply the answers or not to any studied module

based on the score.

4.4 Flowchart Development

A flowchart relating the learning activities involved in T.O.BASICS was

developed to provide a diagranunatic representation of the learning

process. The flowchart is shown in figure 4.1. The figure represents the

steps involved in the learning of the developed technical drawing

software. It shows the interaction between the user and the software.
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Start

Enter the lesson
and module you

want to learn

Enter the first
topic within the

module

View the topic for the
reader to read through

04--~-/ Enter the next
topic within the

module

View the topic for the
reader to read through

Has the reader read
through the entire
topic in themodule?

No

Try the tutorial on theI-_~

module
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Print
"M = Tutorial

mark"

Is M ~ 60%?
No

Yes

Show the answer to the tutorial for
the reader to see it

Do you still want to
continue?

Yes

Go to E

No

Let N= the number of
times the reader had

trip.n the tutorial

Yes

Print "You have tried
the tutorial 3 times

without success. Please
go and read/learn the

module again

Fig 4.1 Flowchart of the system for each of the module
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..•.5 \V ritin~ Code

The codes otherwise known as program are the set of instruction/set of

program written (0 execute the teaching/learning tasks. The code consists

of language statements constants and declarations arranged in a logical

manner. The order in which the code executes depends on the user that is

the user is in charge and the code responds. The code for T.O.BASICS is

as shown in Appendix A

4.6 Ease of Use

This relates to the user interface. T.D.BASICS was developed with visual

Basic programming language, a programming language designed for the

Microsoft windows environment. Thus, T.D.BASICS supports most

standard features of the Microsoft windows graphical user interface. This

means that T.O.BASICS is user friendly, menu driven and also supports

the use of mouse as an additional input device for activating menus,

command buttons and selecting options from a list box.

4.7 Systems Implementation

The systems implementation presents the hardware and software

requirements of T.O.BASICS. It also describes the installation procedure

for setting Lipthe system, the user's guide, which guides the user on how

to use the system.

4.6.1. Hardware requirements.

The hardware requirement of T.O.BASICS is a personal computer (Pc)

with the following minimum configuration.

• Pentium 133 or higher processor
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• Minimum of 32 Mb of RAM

• 14" VGA colour monitor

• 10Mb free Hard Disk

• 3.5" Floppy Disk Drive

• A mouse and other suitable pointing devices

4.7.2 Software requjrernents

Microsoft Windows 95 operating system or later versions.

4.7.3 Installation procedure

T.D.BASICS is stored m installation diskettes/disc, the installation

procedures is as follows;

(a) Insert the installation diskettes in the tloppy drive

\ b) Copy all the packaged application from the diskettes completely into a

folder

(c) Open the folder and double click on the set up icon to run the set up.

Follow the instruction of the system until the software has been

completely installed. The computer will prompt you after the package

has been successfully installed.

(d) You can now access T.O.BASICS from your explorer.

4.7.4 Users' guide.

As shown in figure 4.2 T.O.BASICS starts with a main entry screen

showing a logo, version number and horizontal menus on the task bar where all

the features of the software can be accessed.
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Fig. 4.2: T.D. BASICS Main entry screen.

The T.D.BASICS main menu globe was designed to use the standard window

pull down menu style; that is by clicking any of the horizontal menus displayed,

a vertical menu is pulled down.

The main menu for T.D.BASICS has four horizontal bar menus: These

are:

• Learning T. D

• Tutorials

• About

• Quit

~ Click on the "Learning T. D" menu to display the two technical drawing

lessons under the menu.

~ Click on the lesson to be learnt or studied and move the cursor to the right

to display the various modules under the lesson. Fig 4.3
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Fig. 4.3: Main screen of the software showing the list of Modules.

Select a module of your choice and click on it to present the user

interface for that module figure 4.4 where all the features of the

module can be accessed. Click on the users interface combo for the

selected module to present all the learning activities in the module

from where one can now select the activity to be studied.
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Fig. 4.4: User interface for lesson one module one

~ A click on the activities to be studied will present the learning window for that
activity as shown in figure 4.5a and 4.5b

Fig. 4.5: Learning window giving information about T-Square and its care.
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Fig. 4.5b :Learning window giving information about construction of ellipse using the rectangular
method

The tutorials can be accessed either from the horizontal bar (task bar) or

from the user interface of each module.

A click on the task bar tutorial will present a list of tutorials for all the

modules from where the particular tutorial to be answered will be

selected.

Click on the selected tutorial to display the tutorial interface for that

lesson fig 4.6. The answers can now be supplied in the empty boxes

provided.



, The "About: menu provide information about the c1ev(;!19P(;!fS.

.,. To exit the system, click quit on the T.O. BASICS main menu globe

followed by click on exit.
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(,IIAPTER FIVE

RESULTS AND DISCUSSIONS

5.1 Results

The purpose of this project which is to develop a technical drawing software for

the teaching and learning of technical drawing in secondary schools was

achieved. The study has developed useful tool for teaching and learning

technical drawing, a subject considered to be difficult 'or many students. The

developed software presents concise explanations of the subjects general

principle, and uses worked examples freely to' expand the software. Each

example shows the method of obtaining the solution and includes additional

explanatory notes. For some topics, where it would have been difficult to

understand a solution given on a single drawing, the solution has been drawn in

step-by step form.

The modular approach, interactive procedures and graduated test will

promote easy learning of the subject, user friendly, menu driven, portable and

runs on Microsoft windows operating system. The set of programs written to

achieve the objecti ve of this study is given in appendix A

The design result was found to be reliable, accurate and result oriented

than the existing methods of teaching and learning the subject. The drawings

produced are better than the manually prepared drawings. There is more

standardization and greater legibility of the drawings.

Another result achieved from the developed soft ware is the high quality

of the physical features in terms of attractiveness, durability size and clarity of

the resources. Also achieved are accuracy, clarity and usefulness of

illustrations. drawings and weight of material for ease of handling and storage.
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The resulting software helps to facilitate learning, help to save teaching

and learning process from being merely the talk and chalk approach.It

facilitates teaching - learning process if properly used.

Other specific results achieved through the developed software include:

Stimulation of interest. In teaching and learning situation, there is the

need to generate or arouse and maintain students interest. Once interest is built

up, effective learning will definitely take place. This technical drawing soft

ware has the ability to awaken student interests and thus arouse their curiosity

to learn and know more. The use of this soft ware enables the learner to be more

alert and attentive. With interest developed in addition to being alert and

attentive, students would like to follow explanations, procedures or exercises

sequentially and faithfully so as to comprehend the whole learning episode.

Making technical drawing teaching to be more productive.The use of

the software makes technical drawing teaching! learning more productive since

it helps to speed up the rate of students learning. In addition to making students

learn faster or promote greater acquisition of knowledge, the software also

makes them to understand deeper, retain longer and apply accurately what has

been learned as compared with other approaches.

Providing Meaningful sources of information to learners.This

development helps the classroom teacher provide his learners with meaningful

sources of information. Teachers can guide learners to easily understand

information in various forms. Teachers and students can easily turn to any topic

or subtopic, diagram and exercise with ease thereby enhancing and, promoting

clarity of communication and increase the degree or rate of comprehension and

assimilation.

Help to overcome physical limitations in the Teaching - learning

environment or situation -There are many types of communication problems
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that can face a technical drawing teacher in actual teaching - learning

situations. Students in a class may not be able to observe closely teacher

demonstrations. There might be the problem of how the teacher can show a

small drawing or printed diagram to the class as a group or reveal a particular

information, there could also be the problem of how to avoid wasting much

time each year (or from one class to another) re - doing complex chalk board

diagrams or illustrations or drawings. These and other similar problems are

solved through effective utilization of this research work.

Making learning become more concrete, real, immediate and

permanent. The use of this research work creates impression that are so vivid

and powerful that learners hardly forget experiences they are exposed to

through the media (such as the computer).

Stimulation of problem solving. The student tends to learn more and

like better if they are opportune to be engaged in significant and appealing

activities. When students are actively participating in the teaching learning

process, their interest is maintained and there is increase in learning. Students

develop skills necessary in problem solving when they are involved

individually in a learning process making use of instructional material like the

computer.

Finally, the developed software helps to individualize instruction.

Individualized instruction refers to a situation where all the students proceed

through the same curriculum but at their own individual rates. Instruction is

individualized in the sense that the teaching is so planned to suit the specific

needs, ability and problems facing a particular student or a small group of

student. The primary purpose of this type of instruction is to assist a student

who is working independently to achieve clearly specified instructional
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objectives of a programmed of instruction. It has the potentiality of promoting

students ability to work independently over a period of time.

With this research work individual students now have besides the teacher

other avenues for learning technical drawing. He can now proceed at his own

pace and time in the process of learning technical drawing.

5.2 Discussions

The software will serve as a good guide to beginners in technical drawing. It is

well prepared to suit the specific needs of the beginners.It contains much of the

knowledge and experience needed for proceeding on advanced studiesill

technical drawing.

While the software will be highly valuable for the beginning higher

institution students by serving as learning software in technical ill-awing course

in engineering and technology, it has been developed primarily for the

secondary school students, covering the geometrical drawing syllabus for senior

secondary school certificate.

The software is programmed 111 a logical step by step order, from simple to

complex, for use at all levels of the educational setting.

The step-by-step procedure adopted in the preparation of the software makes it

useful for all levels of users. Selected aspects can be successfully used at the

Junior secondary school. (JSS) level wid] the assistance and guidance of the

teacher. It is hoped that the brief explanation to each chapter will be helpful to

the guiding teachers or individual learners.

The areas covered in this software are;

Lesson I Technical drawing Basics

Lesson 2 Geometry
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Each lesson is further divided into a number of modules programmed in a

logical step by step order from simple to complex for use at all levels of the

secondary school educational setting (JSSI - SSS 3).

The objectives for each module are outlined at the beginning of the

module to give an insight into the expected outcome. Next to the objectivesis

the instruction that provides a good guide to the student on how to study the

chosen module.

In order to help the students questions bave been provided at the end of

each module. These questions are designed to test the student's understanding

of the Module.

Every attempt has been made in the preparation of this work to employ

examples and illustrations that are familiar with the environment and

background of the children.

AIl dimensions are in S.I unit.

5.1.1 Lesson one - Technical drawing basics.

TIlls topic presents a checklists of what students of technical drawing should

learn for effective drawing.

Module 1 Uses and care of drawing instruments

Module 2 Lines and lettering

Module 3 Board practice

Module 4 Technical sketching

Module 5 Dimensioning and Notation

Lesson 1 Module 1 - Uses and care of drawing instruments

In learning to read and write the drafting language, student must learn which

instrument to use on a particular drawing. He needs to know how to use drafting

280



equipment skillfully, accurately and quickly. This module exposes student to

the basic drawing instruments used in technical drawing, their uses and

materials which they are made of. Some of these instnunents are drawing

board, T-square, Triangles, protractors, French curves, Pencils, erasers, pair of

compasses, Dividers, etc.

Lesson I Module 2 - Lines and lettering techniques

Different basic types of lines are used in manual drafting with each having its

own individual characteristics. Simple freehand lettering, quickly made and

perfectly legible is important to engineering. Lettering is used to tell the kinds

of material, sizes, distances and amounts; to identify units; and to give other

necessary information. This module covers two of the basics that are needed in

preparing all types of technical drawings. The major topics covered in this

module are lines and lettering techniques.

Lesson I Module 3 - Board practice

Drawing board practice involves the correct use of drawing board and

drawing instruments to produce good and accurate technical drawings.

Activities such as;

.:. Drawing of title block

.:. Fasten of drawing paper on the drawing board with the aid of the T-

square

.:. Drawing different types of lines like horizontal, vertical, inclined parallel,

boarder lines, etc.
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Lesson 1 Module 4 - Freehand sketching

Freehand sketching is a method of making a drawing without the use of

instruments except drawing pen or pencil. It is one of the first steps in

communicating ideas for a design and it is used in every step thereafter.

The learning activities covered in this module are;

• Sketching different types of lines and curves

• Sketching arcs, circles and semicircles.

• Orthographic, axonometric, oblique and perspective sketching.

Lesson 1 Module 5 - Dimensioning and notation

The module covers in depth the fundamentals of dimensioning and

notation. The areas covered include: specifying the scale (measuring systems),

dimension elements, dimensioning features for size, dimensioning features for

position, rules for good dimensioning and notes.

5.1.2 Lesson Two - Geometry

This topic discuss in detail the basic technique associated with geometric

construction, which must be thoroughly mastered. The various procedures in

this are used in solvingall drawing problems. The topic covers both the plane

and solid geometry. It is grouped under 8 modules.

Review questions are presented at the end of each module as self-assessment

questions for the students. These modules are:

Module I: points, lines, angles and triangles

Module 2: arcs, circles and tangents

Module 3: quadrilaterals, polygons and areas of plane figures

Module 4: loci part I (ellipse, parabola and hyperbola)
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Module 5: loci part 2 (cycloid, hypocycloid, epicycloids, involutes and

Archimedean spiral)

Module 6: loci part 3 (link mechanism and helix)

Module 7: development

Module 8: intersections

Geometrical Construction

Geometry is the study of the size and shape of things. Geometric constructions

are made of individual lines and points drawn in proper relationship to another.

Geometric construction is very important to nearly everyone in technical

fields (Engineers, surveyors, architects, designers mathematicians, scientists,

etc). These set of people regularly apply the principle of geometry to the

solution of technical problems such as the design of machine parts, architectural

structures etc. therefore technical student require a good knowledge of

geometrical construction to be able to apply it to the solution of technical

problems.

Geometrical construction is divided into two groups: plane geometry and

solid geometry.

Plane Geometry: these are two-dimensional geometry with length and breadth

only without thickness examples are polygons, quadrilaterals, circles and semi-

circles, ellipse, angles, simple triangles etc

Solid Geometry: These are three-dimensional geometry with length breadth

and thickness. Examples are pyramids, prisms, cubes, cones, sphere, torus,

ovoid, helices, etc.
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Lesson 2 Module I .- Points, lines, angles and triangles.

The basic techniques associated with geometric construction must be

thoroughly mastered. The various procedures discussed in this module are used

in solving drawing problems in technical drawing. To be truly proficient in the

layout of both simple and complex drawings the student must know and fully

understand the many geometric construction use.

The areas covered in this module are points, lines, angles and triangles

Lesson 2 Module 2 - Arcs, circles and tangents ..

The major areas covered in this module are circles, arcs and tangents.

Circles and arcs are geometric objects constructed with curved lines while

target is a line or curve that touches the surface of an arc of circle at only one

point.

Lesson 2 Module 3--Quadrilateral, polygons and areas of plane figures.

The major topics covered in this module include quadrilaterals, polygons and

areas of plane figures. Quadrilaterals and polygons are geometric objects

enclosed with straight lines. At the end of this module students will be able to:

Defme quadrilateral

Defme Polygon

List the different types of quadrilaterals and polygons

Construct different types of quadrilaterals and polygons.

Enlarge or reduce plane figures in a given ratio.

Lesson 2 module 4 - (loci part 1) eUipse, parabola and hyperbola

Locus (singular) is the path traced by a point, which is governed by

certain laws or rules.
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passes through a right circular cone. These shapes are ellipse, parabola and

hyperbola. They are geometric curves used in drafting.

Lesson 2 Module 5-Loci Part II: Cycloid, hypocycloid, epicycloids involutes

curves and archimedean spiral.

The major areas coveredIn this module are cycloid, hypocycloid,

Epicycloids involutes curves and Archimedean spiral. The cycloid

Hypocycloid, epicycloids and involutes curves are the basic forms used for gear

teeth while the Archimedean spiral is used in the design of cams to change

uniform motion into uniform reciprocal (straight line) motion.

Lesson 2 module6-Loci Part III: Link mechanism and helix

In machine designs link mechanism have a very wide application

especially in machines with a reciprocating action such as automobile engines

like motorcycle, motorcars, e.t.c. in the design of mechanism, it is important to

trace the movement of the parts (the locus) so that the forces present can be

found and clearances checked by providing suitable guard.

The connecting rod and the piston in motorcar engine is an example of link

mechanism.

A helix is the locus of a point moving around the circumference of a

cylinder at a uniform rate while moving parallel to the axis at a uniform rate.

A helix is a three-dimensional figure. A helix may be right handed or left-

handed. Application: Typical application of helix are springs, blot and screw

thread, gears (worm or helical), cylindrical cams, flutes on drills, auger bits

used in wood, etc.
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Lesson 2 Module 7 - Development

Development is the layout of a pattern of a shape in a single flat plane in

readiness for folding to a desired shape. Surface development is applied in

many engineering products such as boxes, buckets, air conditioning duct, funnel

or hopper, etc.

In this module the different types of surface were discussed. Also

discussed are the various methods of pattern development these methods of

pattern development are:

Parallel line method

Radial line method

Triangulation method

Lesson 2 Module 8 - Intersections

Intersections are lines formed at the junction of surfaces where two or

more objects join or pass through each other. Intersections are common in the

engineeringand relatedfields. For instance in the automotiveana aerospace

industries, a lot of design works such as panel, body section, wings, etc.

involves various intersections, which must be correctly defined. The design and

specification of buildings require architects and engineers to defme the

intersection of surfaces.

This module covers the two types of surfaces involved in intersections.

The various methods of drawing the curve of intersections for different objects

were outlined.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The conclusion that can be drawn from this study is that lack of adequate

instructional materials in the teaching and learning of technical drawing has

been a major hindrance towards imparting the knowledge of the subject at

secondary school level. Therefore, the study was able to solve these problems

by developing a technical drawing software TO.BASICS. The TO.BASICS

developed became a veritable tool (instructional material) for the teaching of

the subject. The modular approach, interactive procedures and graduated test

will promote easy learning of the subject matter. The approach adopted is sound

and if followed logically student offering technical drawing will find the work

progressive. An extensive cover of all aspects a student will need in the area of

plane and solid geometry has been produced, which if properly assimilated will

give on excellent knowledge of the subject. The course has been planned and

programmed in a logical sequence and the diagrams have been kept as simple as

the subject will allow so that the researcher feels in the light of considerable

experience in secondary schools, many of the exercises included are within the

capacity of slower groups. However the only limitation of the study is the lack

of audio.

Generally, within the scope of the study TO.BASICS is and effective

software for the teaching and learning of technical drawing.
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6.2 Recommendations

Based on the result of this study the recommendation below become

necessary:

(a) For the giant result achieved though this research work to materialize, a

lot of efforts and resources both material and financial must be putill

place by the authorities concerned (federal, state governments and other

educational agencies) so that schools and colleges can have access to a

well equipped instructional resource centers. Efforts should be made by

these various authorities to acquire enough computer systems for schools

and colleges. By so doing a lot of success would be achieved through the

use of the developed software in technical drawing teaching.

(b) Schools and Parents should acquire the software for the training of the

students both in the school and at home, encourage rather than discourage

their children from offering technical drawing.

Every technical drawing students must be computer literate.

(c) Government (State and Federal) should intensity their efforts in the on

going rural electrification projects so that secondary schools in these

areas can make maxirmun use of the soft ware.

(d) Technical drawing should be made compulsory for all science students in

the secondary schools and a prerequisite for admission into any
,

Engineering course either in the polytechnic or university.

(e) Examination bodies like JAMB should introduce technical drawing in

their Examinations.

(f) T.D.BASICS is recommended for use in our various technical training

institutes across the country.

(g) The software is also recommended for training and research purposes in

higher institutions across the country.
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(h) The resulting software is recommended for commercialization so that the

feed back from the users can help in identifying hidden limitation of the

work for improvement.

(1) Computer Training programs should be organized for Technical drawing

teachers (who will in turn train the students) on regularbasis .

.[here should be welfare package (special allowance) on a continuous

basis for the technical teachers so as to encourage them in the discharge

of their duties effectively.

Ci) Further research work should be carried out to cover other areas ot

technical drawing such as Engineering drawing (Mechanical drawing and

related technology)

(k) Finally, Experts in the various Fields of Technical Education including

our Engineers should Emulate the examples of the scientists in canying

out more research in the development of appropriate had- ware / software

for the teaching and learning of technical education in our various

secondary schools, rather than relying on reproducing the existing hard

wares.
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APPENDIX
T.D BASICS Computer Programs
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Global nest As Integer
Global c As Integer

Public Sub dallow(frm As Form)
Iffrm.lbldetc.Caption> 3 Then
MsgBox (" You have made three trials without success. you should go and learn the
module again. Best ofluck in your study"), vbInfonnation, "TDware Notification"
Stop
Else
Exit Sub
End If
Stop
End Sub

SubLoadCommandImages(frm As Form)
'On Error Resume Next
'frm.CmdFirst.Picture = LoadPicture(App.Path & "\first.ico")
'frm.cmdLast.Picture = LoadPicture(App.Path & "\Last.ico")
frm.cmdPrev.Picture = LoadPicture(App.Path & "\first.ico")
frm.CmdNext.Picture = LoadPicture(App.Path & "\Iast.ico")
End Sub

Private Sub Command2 _Clickt)
Unload Me
Me.Hide
frmod5. Show
End Sub

Private Sub Form Loadt)
Me.Height = 5655
Me.Width = 5475
Me.Move (Screen.Width - Me. Width) / 2, (Screen.Height - Me. Height) / 2
With cmbll
.Addltem "Points and lines"
.AddItem "Bisecting lines"
.Addltem "Construction of perpendicular lines"
.Addltem "Construction of parallel lines"
.Addltem "Dividing a line into a given number of part"
.AddItem "Angles and triangles"
.AddItem "Construction of angles"
.Addltem "Bisecting of angles"
.Addltem "Construction of triangles"
End With
End Sub

Private Sub Labe12_Clickr)
fnnp\y1.RTB.Fi\eName = App.Path & "\2mode1\obj.rtf'
frmply 1.Show
End Sub
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Private Sub Command2 _Clickt)
Unload Me
Me.Hide
frm21.Show
End Sub

Private SubForm_LoadO
Me.Height = 5655
Me.Width = 5475
Me.Move (Screen.Width - Me. Width) / 2, (Screen.Height - Me.Height) / 2

With cmbll
.Addltern "Quaudrilaterals"
.AddItem "Polygons"
.AddItem "Area of figures"
.AddItem "Enlargement and reduction of plane figures"
End With
End Sub

Private Sub cmdnextmClickt)
Unload Me
frm24.Show
frmply3.Hide
Me.Hide
End Sub
Private Sub cmdtut _Clickt)
Unload Me
Unload frmass23
frmass23. Show
detc = 1
frmass23 .lbldetc. Caption= detc
frmply3.Hide
Me.Hide
End Sub

Private Sub Labe12_Clickt)
frmply3.RTB.FileName = App.Path & "\2mode3\obj.rtf"
frmply3. Show
End Sub

Private Sub cmb 11_ClickO
With cmbll
frmply4.RTB.Refresh
If cmb 11.Text= "Ellipse" Then
frmply4.RTB.FileName = App.Path & "\2mode4\ellipse.rtf'
frmply4.framellipse.Visible = True
ElseIf cmb 11.Text= "Parabola" Then
frmply4.RTB.FileName = App.Path & "\2mode4\parabola.rtf'
frmply4. frmpara. Visible= True
Elself cmb 11.Text= "Hyperbola" Then
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fnnply4.RTB.FileName = App.Path & "\2mode4\hyperbola.rtf'
frmply4.framehyper.Visible = True
End If
End With
Me.Hide
fnnply4. Show
End Sub

Private Sub cmdnextm _Clickt)
Unload Me
frm25.Show
frmply4.Hide
Me.Hide
End Sub
Private Sub cmdtut Clicki)
Unload Me
Unload frmass24
frmass24. Show
detc = 1
frmass24.1bldetc.Caption= detc
frmply4.Hide
Me.Hide
End Sub

Private Sub Command1_Clickt)
frmply4. RTB. Refresh
frmply4.RTB.FileName = App.Path & "\2mode4\\conics.rtf'
frmply4.Show
End Sub

Private Sub Command2_Clickt )
I Jlllnnd Mo
Me.Hide
fhll71 Show
End Sub

Pnvatc Sub Couuuund J _ChckU

Unload Me
Me -.l lrclc

End Sub

Private Sub Form_LoadO
MI' II"iv.ht <;(,r; r;

Me. Width - )47)
MI' Movo (Sell''''' Width M •.•Wid, h) 17. (S"IC"'" 11"illhi 1\1" Ilpi,,"I) I •

w.u. crub I I

.Addltern "Ellipse"
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.AddItem "Parabola"

.AddItem "Hyperbola"
End With
End Sub

Private SubLabel2 _Clickt)
frmply4.RTB.Refresh
frmply4.RTB.FileName = App.Path & "\2mode4\\obj.rtf'
frmply4.Show
End Sub

Private Sub cmbll_ClickO
With cmbll
frmplyS .RTB.Refresh
If cmb 11.Text = "Cycloid" Then
frmply5.RTB.FileName = App.Path & "\2mode5\cycloidcon.rtf'
ElseIf cmb 11.Text= "Hypocycloid" Then
frmply5.RTB.FileName = App.Path& "\2mode5\hypocon.rtf'
ElseIf cmb 11.Text= "Epycycloid" Then
frmply5.RTB.FileName = App.Path & "\2mode5\epycon.rtf'
ElseIf cmb 11.Text= "Helix" Then
frmply5.RTB.FileName = App.Path & "\2mode6\helixcon.rtf'
'frmply5.CmdNext.Visible = True
Elself cmb l l.Text = "Involute curves" Then
frmplyS.RTB.FileName = App.Path & "\2modeS\cyinvolute.rtf'
fnnplyS.C nunnnd1.Vi"iblg = True: fi-rnplyS,Command2Visible = True:
frmplyS. Command3. Visible= True
ElseIfcmbl1.Text = "Archimedian spiral" Then
frmplyS.RTB.FileName = App.Path& "\2modeS\spiralcon.rtf'
Elselfcmbl1.Text = "Link mechanism" Then
frmplyS.RTB.FileName = App.Path & "\2mode6\link.rtf"
frmplyS.Command4.Visible = True: frmply5.CommandS.Visible= True
End If
End With
Me. Hide
frmply5. Show
End Sub

Private Sub Command 1_Clickt)
Unload Me
Me.Hide
End Sub

Private Sub Command2 _Clickt)
Unload Me
Me.Hide
frm24.Show

297



End Sub

Private Sub Frame 1_Clickt)
frmplyS.RTB.Refresh
frmplyS.RTB.FileName = App.Path & "\2modeS\The cycloid.rtf
frmplyS.Show
End Sub

Private SubLabell_ Clickt)
frmply5.RTB.Refresh
frmply5.RTB.FileName = App.Path & "\2mode5\The cycloid.rtf'
frmply5. Show
End Sub

Private Sub cmdnextm_ Clickt)
Unload Me
tIm26.Show
frmply5.Hide
Me.Hide
End Sub
Private Sub cmdtut_ClickO
Unload Me
Unload frmass2S
frmass2S.Show
detc = 1
frmass25.1bldetc.Caption= detc
frmply5.Hide
Me.Hide
End Sub

Private Sub Form Loadt)
Me.Height = 5655
Me.Width = 5475
Me.Move (Screen.Width - Me.Width) / 2, (Screen.Height - Me.Height) / 2
With cmbll
.AddItem "Cycloid"
.AddItem "Hypocycloid"
.AddItem "Epicycloid"
.Addltem "Involute curves"
.AddItem "Archimedian spiral"
.AddItem "Helix"
.AddItem "Link mechanism"
End With
End Sub

Private Sub Labe13_Clickt)
frmply5.RTB. Refresh
trmply5.RTB.FileName = App.Path & "\2mode5\obj.rtt"
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frmply5.Show
End Sub

Private Sub cmb 11_ClickO
With cmb l l
frmply6.R TB .Refresh
If cmb l l.Text = "Square prism" Then
fnnply6.RTB.FileName = App.Path & "\2mode7\devsquare.rt£"
Elself cmb 11.Text= "Cylinder" Then
frmply6. RTB. FileName= App.Path & "\2mode7\devcylinder.rtC'
fimply6.CmdNext.Visible = True
'ElseIf cmb l I.Text = "Oblique cylinder" Then
'frmply6.RTB.FileName = App.Path& "\2mode7\area.rtf"
Elselfcmbll.Text = "Pyramid" Then
frmply6.RTB.FileName = App.Path& n\2mode7\devpyra.rtf'
ElseIf cmb 11.Text= "Cone" Then
frmply6.RTB.FileName = App.Path & "\2mode7\conedev.rtf"
fimply6. Command 1.Visible= True: frmply6.Command5.Visible = True
'Elself cmb 11.Text= "Oblique cylinder" Then
'frmply6.RTB.FileName = App.Path & "\2mode7\area.rtf"
'Elself cmb l l.Text = "Pyramid" Then
'frmply6.RTB.FileName = App.Path & "\2mode7\largered.rtf'
Eiself cmb11.Text= "Triangulation" Then
frmply6.RTB.FileName = App.Path & "\2mode7\triangulation.rtf'
End If
End With
Me.Hide
frmply6.Show
End Sub

Private Sub cmdnextm _Clickt)
Unload Me
frrn27.Show
fimply5.Hide
Me.Hide
End Sub

'Private Sub cmdnextm _Clickt)
'Unload Me
'frm22.Show
'frmply l.Hide
'Me.Hide
'End Sub
Private Sub cmdtut_ Clickt)
Unload Me
Unload frmass26
frmass26. Show
detc = 1
frmass26.lbldetc.Caption= detc
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frmply6.Hide
Me.Hide
End Sub

Private Sub Command 1_Clickt)
frmply6.RTB.Refresh
frmply6.RTB.FileName = App.Path & "\2mode7\development.rtf'
frmply6.Show
End Sub

Private Sub Command2 Clickf)
Unload Me
Me.Hide
frm25.Show
End Sub

Private Sub Command3 _Clickt)
Unload Me
Me.Hide
End Sub
Private Sub Form Loadt)

\

\

Me.Height = 5655
Me.Width = 5475
Me. Move (Screen.Width - Me.Width) / 2, (Screen.Height - Me.Height) / 2
With cmbll
.AddItem "Square prism"
.AddItem "Cylinder"
'.Addltem "Oblique cylinder"
.AddItem "Pyramid"
.AddItem "Cone"
'.AddItem "Truncated right cone"
'.AddItem "Oblique cone"
.AddItem "Triangulation"
End With
End Sub

Private Sub Labe12_Clickt)
frmply6.RTB.Refresh
frmply6.RTB.FileName = App.Path & "\2mode6\obj.rtf'
frmply6.Show
End Sub

Private Sub cmdtut _Clickt)
MsgBox "No Tutorial"

End Sub

Private Sub Command 1_ClickO
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frmply7.RTB.FileName = App.Path & "\2mode8\INTERSECTIONS.rtf'
frmply7.Show
Me.Hide
End Sub

Private Sub Cornrnand2 _Clickt)
Unload Me
Me.Hide
frm26.Show
End Sub

Private Sub Command3 _Clickt)
Unload Me
Me.Hide
End Sub

Private Sub Command4_ Clicki)
Me.Hide
frmply7.RTB.FileName = App.Path & "\2mode8\inter.rtf'
frmply7. Show
End Sub

Private Sub Form_LoadO
Me.Height = 3660
Me.Width = 4650
Me.Move (Screen. Width - Me.Width) / 2, (Screen. Height - Me Height) / 2

End Sub

Private SubFormLoadt)
Me.Move (Screen.Width - Me. Width) / 2, (Screen. Height - Me.Height) / 2
Me. Height = 9345
Me.Width = 10530
'RTB.FileName = App.Path & "\activity193.rtf'
End Sub
Sub checkwatdidt)
IfUCase(Text1.Text) = "C" Then

Text 1.Text = "c"
Else

Textl.Text = ""
End If
IfUCase(Text2.Text) = "B" Then

Text2.Text = "b"
Else

Text2.Text = ""
End If
IfUCase(Text3.Text) = "A" Then

Text3.Text = "a"
Else
Text3.Text = ""
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End If
IfUCase(Text4.Text) = "B" Then

Text4.Text = "b"
Else

Text4.Text = ""
End If
IfUCase(Text5.Text) = "A" Then

Text5.Text = "a"
Else
Text5.Text = ""

End If
IfUCase(Text6.Text) = "D" Then

Text6.Text = "d"
Else
Text6.Text = ""

End If
IfUCase(Text7.Text) = "C" Then

Text7.Text = "e"
Else
Text7.Text = ""

End If
IfUCase(Text8.Text) = "D" Then

Text8.Text = "d"
Else

Text8.Text = 1111

End If
IfUCase(Text9.Text) = "A" Then

Text9.Text = "a"
Else
Text9.Text = ""

End If
IfUCase(TextlO.Text) = "B" Then

TextlO.Text = "b"
Else
TextlO.Text = ""

End If
IfUCase(Textll.Text) = "A" Then

Textll.Text = "a"
Else
Text l1.Text = ""

End If
IfUCase(Textl2.Text) = "B" Then

Text12.Text = "b"
Else

Text12.Text = ""
End If
IfUCase(Text13.Text) = "B" Then

Text13.Text = "b"
Else
Text13.Text = ""
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End If
IfUCase(Text14.Text) = "B" Then

Text 14.Text= "b"
Else
Text14.Text = ""

End If
IfUCase(Text15.Text) = "A" Then

Text15.Text = "a"
Else
Text15.Text = ""

End If
End Sub

Private Sub CmdNext_ClickO
Me.Hide
FrmLessonOneModule3. Show
End Sub

Private Sub cmdPrev _Clickf)
Me.Hide
FrmActivity22. Show
End Sub

Private Sub cmdswme_ClickO
checkwatdid
cmdswme. Visible = False

..../ MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again.") " vblnforrnation, "TDware Notification"

End Sub

Private Sub Command1_ClickO
detcc = Ibldetc. Caption
frmmsg.1bldetc. Caption= detcc
IfUCase(Text1.Text) = "D" Then

a = 1
Else
a=O

End If
IfUCase(Text2.Text) = "D" Then

b=l
Else
b=O

End If
IfUCase(Text3.Text) = "D" Then

c = 1
Else
c=O

End If
IfUCase(Text4.Text) = "A" Then
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e = 1
Else
e=O

End If
IfUCase(Text5.Text) = "C" Then

f= 1
Else
f= 0

End If
IfUCase(Text6.Text) = "C" Then

g=l
Else

g=O
End If
IfUCase(Text7.Text) = "D" Then

h=l
Else
h=O

End If
IfUCase(Text8.Text) = "B" Then
i= 1

Else
i= 0

End If
T~=a+b+e+e+f+g+h+i
pee = (Tot/8) * 100 •
peet = Clnt(pee)
Textl6.Text = peet
Unload Me
frmmsg.Textl6 = peet & "%"
frmmsg.lbltest. Caption= 12
Me.Hide
frmmsg. Show

End Sub
Sub checkwatdidt)
IfUCase(Text1.Text) = "D" Then

Textl.Text = "d"
Else
Text1.Text = ""

End If
IfUCase(Text2.Text) = "D" Then

Text2.Text = "d"
Else

Text2.Text = ""
End If
IfUCase(Text3.Text) = "D" Then

Text3.Text = "d"
Else

Text3.Text = ""
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End If
IfUCase(Text4.Text) = "A" Then

Text4.Text = "a"
Else

Text4.Text = ""
End If
IfUCase(Text5.Text) = "C" Then

Text5.Text = "c"
Else

Text5. Text = '"'
End If
IfUCase(Text6.Text) = "C" Then

Text6.Text = "c"
Else

Text6.Text = ""
End If
IfUCase(Text7.Text) = "D" Then

Text7.Text = "d"
Else
Text7.Text = ""

End If
IfUCase(Text8.Text) = "B" Then

Text8.Text = "b"
Else

Text8.Text = ""
End If
End Sub

Private SubFormLoadf)
Me.Move (Screen.Width - Me.Width) /2, (Screen.Height - Me. Height) / 2
Me.Height = 7230
Me.Width = 10875
'RTB.FileName = App.Path & "xassessmentz.rtf"
End Sub

Private Sub CmdNext_ClickO
Me.Hide

FrmLessonOneModule4. Show
End Sub

Private Sub cmdPrev Clickt)
Me.Hide
FrmActivity36.Show
End Sub

Private Sub cmdswme_ClickO
checkwatdid
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cmdswme. Visible= False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again. ") " vbInfonnation.. "TDware Notification"
End Sub

Private Sub Command 1_ClickO
detcc = Ibldetc.Caption
frmmsg.lbldetc.Caption = detcc
If UCase(Text 1.Text)= "A" Then

a = 1
Else
a=O

End If
IfUCase(Text2.Text) = "D" Then

b = 1
Else
b=O

End If
IfUCase(Text3.Text) = "B" Then

c = 1
Else
c=O

End If
IfUCase(Text4.Text) = "D" Then

e=l
Else
e=O

End If
IfUCase(Text5.Text) = "A" Then

f= 1
Else
f=O

End If
IfUCase(Text6.Text) = "D" Then

g=l
Else
g=O

End If
IfUCase(Text7.Text) = "B" Then

h=l
Else
h=O

End If
IfUCase(Text8.Text) = "D" Then

i= 1
Else
i=O

End If
IfUCase(Text9.Text) = "C" Then

j = 1

306



Else
j =O

End If
IfUCase(TextlO.Text) = "C" Then

k=l
Else
k=O

End If
If UCase(Text 11.Text)= "A" Then

1= 1
Else

1 = 0
End If
IfUCase(Text12.Text) = "D" Then

m= 1
Else

m=O
End If
IfUCase(TextI3.Text) = "D" Then

n=1
Else
n=O

End If
If UCase(Text14. Text) = "A" Then

p = 1
Else
p=O

End If
Tot = a + b + e + e + f + g + h + i + j + k + I + m + n + p
pee= (Tot / 14) * 100
peet= CInt(pee)
Text16.Text = peet
Unload Me
frmmsg.Text16 = peet & "%"
fnnmsg.lbltest. Caption= 13
Me.Hide
frmmsg. Show
End Sub

Private Sub Command2 _Clickt)
frmassup.R TB .Refresh
frmassup.RTB.FileName= App.Path & "\ass\\french.rtf'
frmassup. Show
End Sub

Private Sub FormLoadt)
Me.Move (Screen.Width - Me.Width) / 2, (Screen. Height - Me. Height) / 2
'RTB.FileName = App.Path & "\Assessment3.rtf'
End Sub
Sub checkwatdidt)
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IfUCase(Textl.Text) = "A" Then
TextfText = "a"
Else
Textl.Text = ""

End If
IfUCase(Text2.Text) = "D" Then

Text2.Text = "d"
Else
Text2.Text = ""

End If
IfUCase(Text3.Text) = "B" Then

Text3.Text = "b"
Else
Text3.Text = ""

End If
IfUCase(Text4.Text) = "D" Then

Text4.Text = "d"
Else
Text4.Text = ""

End If
IfUCase(TextS.Text) = "A" Then

TextS.Text = "a"
Else
TextS.Text = ""

End If
IfUCase(Text6.Text) ="0" Then

Text6.Text = "d"
Else

Text6.Text = ""
End If
IfUCase(Text7.Text) = "B" Then

Text7.Text = "b"
Else
Text7.Text = ""

End If
IfUCase(Text8.Text) = "D" Then

Text8.Text = "d"
Else
Text8.Text = ""

End If
IfUCase(Text9.Text) = "C" Then

Text9.Text = "e"
Else
Text9.Text = ""

End If
IfUCase(TextlO.Text)'= "C" Then

TextlO.Text = "e"

Else
TextlO.Text = ""

End If
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IfUCase(Textll.Text) = "A" Then
Textll.Text = "a"

Else
Text 11.Text= '"'

End If
IfUCase(Text12.Text) = "D" Then

Text12.Text = "d"
Else

Text 12.Text = ""
End If
IfUCase(Text13.Text) = "D" Then

Text13.Text = "d"
Else
Text 13.Text= ""

End If
IfUCase(Text14.Text) = "A" Then

Text14.Text = "a"
Else
Textl4.Text = ""

End If
End Sub

Private Sub CmdNext_ Clickt)
Me.Hide

FrmLessonOneModule5. Show
End Sub

Private Sub cmdPrev _Clickt)
Me.Hide
FrmActivity49. Show
End Sub

Private Sub cmdswme _Clickt)
checkwatdid
cmdswme.Visible= False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again.") " vblnformation., "TDware Notification"

End Sub

Private Sub Command 1_Clicki)
detcc = lbldetc. Caption
frmmsg.lbldetc.Caption = detcc
IfUCase(Textl.Text) ="D" Then

a = 1
Else
a=O

End If
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IfUCase(Text2.Text) = "C" Then
b = 1

Else
b=O

End If
IfUCase(Text3.Text) = "A" Then

c = 1

Else
c=O

End If
IfUCase(Text4.Text) = "C" Then

e = 1
Else
e=O

End If
IfUCase(Text5.Text) = "D" Then

f= 1
Else
f= 0

End If
IfUCase(Text6.Text) = "B" Then
g=l
Else
g=O

End If
IfUCase(Text7.Text) = "D" Then

h=l
Else
h=O

End If
IfUCase(Text8.Text) = "D" Then

i= 1
Else
i=0

End If
IfUCase(Text9.Text) = "B" Then

j = 1
Else
j=O

End If
IfUCase(Textl0.Text) = "C" Then

k=l
Else
k=O

End If
If UCase(Text 11.Text)= "B" Then

1= 1

Else
1=0

End If
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IfUCase(Text12.Text) = "C" Then
m= 1

Else
m=O

End If
IfUCase(Text13.Text) = "C" Then

n = 1
Else
n=O

End If
If UCase(Text 14.Text)= "B" Then

p = 1
Else
p=O

End If
IfUCase(Text15.Text) = "A" Then

q = 1
Else
q=O

End If
IfUCase(Text17.Text) = "A" Then

r = 1
Else
r = 0

End If
Tot = a + b + C + e + f + g + h + i+ j + k + 1+ m + n + p + q + r
pee= (Tot / 16) * 100
pect = CInt(pec)
Text 16.Text= pect
Unload Me
frmmsg.Text16 = pect & "%"
frmmsg.lbltest. Caption= 14
Me.Hide
frmmsg.Show
End Sub

Private Sub Form Loadf)
Me.Move (Screen. Width - Me.Width) / 2, (Screen.Height - Me. Height) / 2
Me. Height = 10620
Me. Width = 10965
'RTB.FileName = App.Path & "\Assessment4.rtf'
End Sub
Sub checkwatdidt)
IfUCase(Text1.Text) = "D" Then

Textl.Text = "d"
Else
Text 1.Text = ""

End If
IfUCase(Text2.Text) = "C" Then

Text2.Text = "c"

I
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Else
Text2.Text = ""

End If
IfUCase(Text3.Text) = "A" Then

Text3.Text = "a"
Else
Text3.Text = ""

End If
IfUCase(Text4.Text) = "c" Then

Text4.Text = "e"
Else
Text4.Text = ""

End If
IfUCase(TextS.Text) = "D" Then

TextS.Text = "d"
Else

TextS.Text = ""
End If
IfUCase(Text6.Text) = "B" Then

Text6.Text = "b"
Else
Text6.Text = ""

End If
IfUCase(Text7.Text) = "D" Then

Text7.Text = "d"
Else
Text7.Text = ""

End If
IfUCase(Text8.Text) = "D" Then

Text8.Text = "d"
Else
Text8.Text = ''''

End If
IfUCase(Text9.Text) = "B" Then

Text9.Text = "b"
Else

Text9.Text = ""

End If
If UCase(Text 1O.Text) = "C" Then

Text 1O.Text = "e"
Else

Text 1O.Text = ""
End If
If UCase(Text 11.Text)= "B" Then

Textl1.Text = "b"
Else
Text 11.Text= ""

End If
IfUCase(Text12.Text) = "C" Then

Text12.Text = "e"
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Else
Text12.Text = ""

End If
IfUCase(Text13.Text) = "C" Then

Text13.Text = "c"
Else
Text13.Text = ""

End If
IfUCase(Text14.Text) = "B" Then

Text14.Text = "b"
Else
Text14.Text = ""

End If
IfUCase(Text15.Text) = "A" Then

Textl5.Text = "a"
Else

Text 15.Text= ""
End If
IfUCase(Text17.Text) = "A" Then

Textl7.Text = "a"
Else

Text 17.Text= ""

End If
End Sub

Private Sub CmdNext_ClickO
Me. Hide
FrmActivityl96.Show
End Sub

Private Sub cmdPrev _Clickt)
Me.Hide
FrmActivity 193.Show
End Sub

Private Sub cmdswme _Clickt)
checkwatdid
cmdswme. Visible= False

MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again. ") " vblnfonnation, "TDware Notification"
End Sub

Private Sub Command 1_ClickO
detcc = lbldetc. Caption
frmmsg.lbldetc. Caption= detcc
IfUCase(Textl.Text) = "B" Then

a=l
Else
a=O

End If

313



IfUCase(Text2.Text) = "C" Then

b=l
Else
b=O

End If
IfUCase(Text3.Text) = "B" Then

e = 1
Else

e=O
End If
IfUCase(Text4.Text) = "B" Then

e = 1
Else
e=O

End If
IfUCase(Text5.Text) = "c" Then

f= 1
Else

f= 0

End If
IfUCase(Text6.Text) = liD" Then

g=l
Else

g=O
End If
IfUCase(Text7.Text) = "B" Then

h = 1
Else
h=O

End If
IfUCase(Text8.Text) = "c" Then

i= 1
Else
i = 0

End If
IfUCase(Text9.Text) = "A" Then

j = 1
Else

j=O
End If
IfUCase(TextlO.Text) = "C" Then

k=l
Else
k=O

End If
Tot = a + b + e + e + f + g + h + i+ j + k
pee = (Tot / 10) * 100
peet = CInt(pee)
Text16.Text = peet
Unload Me

\
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frmmsg.Textl6 = peet & "%"
frmmsg.lbltest. Caption= 15

Me.Hide
fnnmsg. Show
End Sub

Private Sub Form_LoadO
Me.Height = 8115
Me.Width = 10545
Me.Move (Screen.Width - Me.Width) 12, (Screen.Height - Me.Height) / 2

'RTB.FileName = App.Path & "\aetivityI94.rtf'

End Sub

Sub checkwatdidt)
IfUCase(Textl.Text) = "B" Then

Textl.Text = lib"

Else
Textl.Text = ""

End If
IfUCase(Text2.Text) = "C" Then

Text2.Text = "c"
Else
Text2.Text = ""

End If
IfUCase(Text3.Text) = "B" Then

Text3.Text = "b"
Else

Text3.Text = ""
End If
IfUCase(Text4.Text) = "B" Then

Text4.Text = "b"

Else
Text4.Text = ""

End If
IfUCase(Text5.Text) = "C" Then

TextS.Text = "e"

Else
TextS.Text = ""

End If
IfUCase(Text6.Text) = "0" Then

Text6.Text = "d"
Else

Text6.Text = ""

End If
IfUCase(Text7.Text) = "B" Then

Text7.Text = "b"
Else
Text7.Text = ""

End If
IfUCase(Text8.Text) = "C" Then
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Text8.Text = "c"
Else
Text8.Text = ""

End If
IfUCase(Text9.Text) = "A" Then

Text9.Text = "a"

Else
Text9.Text = ""

End If
If UCase(Textl O.Text) = "C" Then

TextlO.Text = "c"

Else
Text IO.Text = '"'

End If
End Sub

Private Sub CmdNext_ClickO
Me. Hide
FrmActivity197.Show
End Sub

K.•

Private Sub cmdPrev _ Clickt)
Me.Hide
FrmActivity 195. Show
End Sub

Private Sub cmdswme Clickt)
checkwatdid
cmdswme. Visible = False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed.

You should try and attempt them again.") " vbInformation, "TDware Notification"

End Sub

Private Sub Command 1_Clickt)
detcc = lbldetc. Caption'
frmmsg.lbldetc. Caption = detcc
If UCase(Text 1.Text) = "D" Then

a = 1
Else

a=O
End If
IfUCase(Text2.Text) = "A" Then

b = 1

Else
b=O

End If
IfUCase(Text3.Text) = "C'' Then

c = 1
Else

c=O

316



End If
IfUCase(Text4.Text) = "D" Then

e=l
Else

e=O
End If
IfUCase(Text5.Text) ="C'' Then

f= 1
Else
f= 0

End If
IfUCase(Text6.Text) = "B" Then

g=l
Else
g=O

End If
Tot = a + b + e + e + f + g
pee= (Tot / 6) * 100
peet = CInt(pee)
Text16.Text = peet
Unload Me
frmmsg.Text16 = peet& "%"
frmmsg.lbltest. Caption= 21
Me.Hide
frmmsg. Show
End Sub

Private Sub FormLoadi)
Me.Move (Screen. Width - Me.Width) / 2, (Screen. Height - Me.Height) / 2
Me.Height = 5850
Me.Width = 10500
'RTB.FileName = App.Path & "\aetivity196.rtf'
End Sub
Sub checkwatdidt)
IfUCase(Textl.Text) = "D" Then

Textl.Text = "d"
Else

Text l.Text = ""
End If
IfUCase(Text2.Text) = "A" Then

Text2.Text = "a"
Else
Text2.Text = ""

End If
IfUCase(Text3.Text) = "C'' Then

Text3.Text = "e"
Else
Text3.Text = ""

End If
IfUCase(Text4.Text) = "D" Then
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Text4.Text = "d"
Else

Text4.Text = ""
End If
IfUCase(TextS.Text) = "C" Then

TextS.Text = "c"
Else
TextS.Text = ""

End If
IfUCase(Text6.Text) = "B" Then

Text6.Text = "b"
Else

Text6. Text = '"'
End If
End Sub

Private Sub CmdNext_ Clickt)
Me.Hide
FrmAssessment1.Show
End Sub

Private Sub cmdPrev _Clickf)
Me. Hide
FrmActivity19S.Show
End Sub

Private Sub cmdswme_ClickO
checkwatdid
cmdswme.Visible = False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again.") ., vblnfonnation, "TDware Notification"
End Sub

Private Sub Command 1_ClickO
detcc = lbldetc. Caption
frmmsg.lbldetc.Caption = detcc
IfUCase(Textl.Text) = "C" Then

a = 1
Else
a=O

End If
IfUCase(Text2.Text) = "B" Then

b=l
Else
b=O

End If
IfUCase(Text3.Text) ="0" Then

c=!
Else
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c=O
End If
IfUCase(Text4.Text) = "A" Then

e = 1
Else
e=O

End If'

IfUCase(Text5.Text) = "D" Then
f= 1

Else
f= 0

End If
IfUCase(Text6.Text) = "D" Then

g=l
Else
g=O

End If
Tot = a + b + C + e + f + g
pee= (Tot / 6) * 100
pect = CInt(pec)
Text16.Text = pect
Unload Me
frmmsg.Text l o= pect & "%"
frmmsg.lbltest. Caption= 22
Me.Hide
frmmsg. Show
End Sub

Private Sub FOnTI_LoadO
Me.Move (Screen.Width - Me. Width)12, (Screen.Height - Me. Height) / 2
Me. Height = 6315
Me.Width = 10545
'RTB.FileName = App.Path & "\activity197.rtf'
End Sub

Sub checkwatdidt)
IfUCase(Text1.Text) = "C" Then

Textl.Text = "e"
Else
Textl.Text = ""

End If
IfUCase(Text2.Text) = "B" Then

Text2.Text = "b"
Else

Text2.Text = ""
End If
IfUCase(Text3.Text) = "D" Then

Text3.Text = "d"
Else

Text3.Text = ""
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End If
IfUCase(Text4.Text) = "A" Then

Text4.Text = "a"
Else

Text4.Text = '"'
End If
IfUCase(Text5.Text) = "D" Then

TextS.Text = "d"
Else
TextS.Text = ""

End If
IfUCase(Text6.Text) = "D" Then

Text6.Text = "d"
Else
Text6.Text = ""

End If
End Sub

I

Private Sub CmdNext_Clickt)
Me.Hide
FrmActivity22. Show

End Sub

Private Sub cmdPrev _Clickf )
Me.Hide
FrmLessonOneModule2. Show
End Sub

Private Sub cmdswme _Clickt)
checkwatdid
cmdswme. Visible = False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again.")', vblnformation,"TDware Notification"

End Sub

Private Sub Command1_Clickt)
detcc = lbldetc. Caption
frmmsg.lbldetc. Caption = detcc

If UCase(Text 1.Text) = "C" Then

a=l
Else
a=O

End If
If UCase(Text2.Text) = "B" Then

b = 1
Else
b=O

End If
IfUCase(Text3.Text) = "B" Then

c = 1
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Else
e=O

End If
IfUCase(Text4.Text) = "B" Then

e = 1
Else
e=O

End If
IfUCase(Text5.Text) = "D" Then

f= 1
Else
f= 0

End If
IfUCase(Text6.Text) = "C" Then

g=l
Else

g=O
End If
IfUCase(Text7.Text) = "A" Then

h=l
Else
h=O

End If
IfUCase(Text8.Text) = "C" Then
i= 1
Else
i= 0

End If
IfUCase(Text9.Text) ="A" Then

j = 1
Else

j=O
End If
IfUCase(TextlO.Text) = "D" Then

k = 1
Else

k=O
End If
Tot = a+ b + e + e + f + g + h + i+ j + k
pee = (Tot /10) * 100
peet = CInt(pee)
Text 16.Text= peet
Unload Me
frmmsg.Text16 = peet & "%"
frmmsg.lbltest. Caption= 23
Me.Hide
frmmsg. Show
End Sub

Private Sub Form_LoadO

321



Me.Move (Screen.Width - Me.Width) / 2, (Screen.Height - Me. Height) / 2
Me. Height = 6315
Me.Width = 10545
'RTB.FileName = App.Path & "\activity21.rtf'
End Sub
Sub checkwatdidr)
If UCase(Text 1.Text) = "C" Then

Text 1 .Text = "c"
Else
Text 1 .Text = ""

End If
IfUCase(Text2.Text) = "B" Then

Text2. Text = "b" .
Else
Text2.Text = ""

End If
IfUCase(Text3.Text) = "B" Then

Text3.Text = "b"
Else

Text3.Text = ""
End If
IfUCase(Text4.Text) = "B" Then

Text4.Text ="b"
Else

Text4.Text = ""
End If
IfUCase(TextS.Text) = "0" Then

TextS.Text = "d"
Else
TextS.Text = ""

End If
IfUCase(Text6.Text) = "C" Then

Text6. Text = "c"
Else

Text6.Text = ""
End If
IfUCase(Text7.Text) = "A" Then

Text7.Text = "a"
Else
Text7.Text = ""

End If
IfUCase(Text8.Text) = "C" Then

Text8.Text = "c"
Else

Text8.Text = ""
End If
IfUCase(Text9.Text) = "A" Then

Text9.Text = "a"
Else
Text9.Text = ""
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End If
IfUCase(TextlO.Text) = "D" Then

TextlO.Text = "d"
Else

TextlO.Text = '"'
End If
End Sub

Private Sub CmdNext Clicki)
Me.Hide
fRMASSESSMENT2. Show
End Sub

Private Sub cmdPrev _Clickt)
Me.Hide
FrmActivity21. Show
End Sub

Private Sub cmdswme _Clickt)
checkwatdid
cmdswme.Visible= False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again. ") "vbInfonnation, "TDware Notification"
End Sub

Private Sub Command1_ClickO
detcc = lbldetc. Caption
frmmsg.lbldetc.Caption = detcc
IfUCase(Textl.Text) = "B" Then

a = 1
Else

a=O
End If
IfUCase(Text2.Text) = "A" Then

b = 1
Else

b=O
End If
IfUCase(Text3.Text) = liB" Then

c = 1

Else
c=O

End If
IfUCase(Text4.Text) = "D" Then

e=l
Else
e=O

End If
IfUCase(Text5.Text) = liB" Then

f= 1
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Else
f= a

End If
IfUCase(Text6.Text) = "B" Then

g = 1
Else
g=O

End If
IfUCase(Text7.Text) = "B" Then

h = 1
Else
h=O

End If
IfUCase(Text8.Text) = "D" Then
i= 1

Else
i= 0

End If
IfUCase(Text9.Text) = "D" Then

j = 1
Else

j=O
End If
IfUCase(TextlO.Text) = "D" Then

k=1
Else
k=O

End If
Tot = a + b + e + e+ f+ g + h + i+ j + k
pee= (Tot /10) * 100
peet = CInt(pee)
Text16.Text = peet
Unload Me
frmmsg.Text16 = peet & "%"
frmmsg.lbltest.Caption = 24
Me.Hide
frmmsg. Show
End Sub

J

Private Sub Cornmand2 _Clickt)
frmassu p24.R TB .Refresh
frmassup24.RTB.FileName = App.Path& "\ass\\2-4-3.rtf'
frmassup24.Show
End Sub
Sub checkwatdidt)
IfUCase(Textl.Text) = "B" Then

Textl.Text = "b"
Else
Text 1.Text= ""

End If
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IfUCase(Text2.Text) = "A" Then
Text2.Text = "a"

Else
Text2.Text = ""

End If
IfUCase(Text3.Text) = "B" Then

Text3.Text = "b"
Else
Text3.Text = ""

End If
IfUCase(Text4.Text) = "D" Then

Text4.Text = "d"
Else
Text4.Text = '"'

End If
IfUCase(TextS.Text) = "B" Then

TextS.Text = "b"
Else
TextS.Text = ""

End If
IfUCase(Text6.Text) = "B" Then

Text6.Text = "b"
Else
Text6.Text = ""

End If
IfUCase(Text7.Text) = "B" Then

Text7.Text = "b"
Else
Text7.Text = ""

End If
IfUCase(Text8.Text) = "D" Then

Text8.Text = "d"
Else
Text8.Text = ""

End If
IfUCase(Text9.Text) = "D" Then

Text9.Text = "d"
Else
Text9.Text = ""

End If
IfUCase(TextlO.Text) = "D" Then

TextlO.Text = "d"
Else
TextlO.Text = '"'

End If
End Sub

Private Sub Command3 _Clickf)
frmassup24.RTB.Refresh
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fnnassup24.RTB.FileName = App.Path& "\ass\\2-4-7.rtf'
frmassup24. Show
End Sub

Private SubFonn_LoadO
Me.Move (Screen.Width - Me.Width) / 2, (Screen.Height - Me.Height) / 2
Me.Height = 11235
Me.Width = 10035
'Text 1.SetFocus
'RTB.FileName = App.Path & "\activity22.rtf'
End Sub

Private Sub CmdNext_Clickr)
Me.Hide
FrmActivity34. Show
End Sub

Private Sub cmdPrev _Clickt)
Me.Hide
FnnActivity31. Show
End Sub

Private Sub cmdswmeClickt)
checkwatdid
cmdswme. Visible = False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again. ") " vblnformation, "TDware Notification"

End Sub

Private Sub Command 1_Clicki)
detcc = lbldetc. Caption
frmmsg.lbldetc. Caption= detcc
IfUCase(Text1.Text) = "B" Then

a=l
Else
a=O

End If
IfUCase(Text2.Text) = "D" Then

b = 1
Else
b=O

End If
IfUCase(Text3.Text) = "D" Then

c = 1
Else
c=O

End If
IfUCase(Text4.Text) = "C" Then

e = 1
Else
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e=O
End If
IfUCase(Text5.Text) = "A" Then

f= 1
Else
f= 0

End If
IfUCase(Text6.Text) = "D" Then

g = 1
Else
g=O

End If
IfUCase(Text7.Text) = "B" Then

h = 1
Else
h=O

End If
IfUCase(Text8.Text) = "C" Then

i= 1
Else
i= 0

End If
If UCase(Text9.Text) = "0" Then

j = 1
Else

j=O
End If
IfUCase(TextlO.Text) = "D" Then

k=l
Else
k=O

End If
IfUCase(Textl1.Text) = "D" Then

1=1

Else
1=0

End If
IfUCase(Text12.Text) = "D" Then

m= 1
Else

m=O
End If
IfUCase(Text13.Text) ="A" Then

n=1
Else
n=O

End If
If UCase(Text 14.Text)= "D" Then

p = 1
Else
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p=O
End If
IfUCase(Text15.Text) = "B" Then

q = 1
Else
q=O

End If
Tot = a + b + C + e + f+ g + h + i +j + k + 1+ m + n + p +q

pee = (Tot / 15)* 100
pect = Clnt(pec)
Textl6.Text = pect
Unload Me
frmmsg.Textl6 = pect & "%"
frmmsg.lbltest.Caption = 25
Me.Hide
frmmsg.Show
End Sub

(

Private Sub Command2 _Clickf)
frmassup24.RTB.Refresh
frmassup24.RTB.FileName = App.Path& u\ass\\2-5-1.rtf'
frmassu p24. Show
End Sub

Private Sub Command3 _Clickf)
fnnassup24. RTB. Refresh
frmassup24.RTB.FileName= App.Path & "\ass\\2-5-2.rtf'
frmassu p24. Show
End Sub

Private Sub Command4 _Clickt)
frmassup24.RTB.Refresh
frmassup24.RTB.FileName= App.Path & "\ass\\2-5-2.rtf'

frmassup24.Show
End Sub

Private Sub Command5 _Clickf)
frmassup24.R TB .Refresh
frmassup24.RTB.FileName= App.Path & "\ass\\2-5-2.rtf'

frmassup24. Show
End Sub

Private Sub FormLoadt)
Me.Move (Screen.Width - Me.Width) / 2, (Screen. Height - Me. Height) / 2

Me.Height = 11115
Me.Width = 10020
'RTB.FileName = App.Path & "\activity33.rtf'
End Sub
Sub checkwatdid()
IfUCase(Text1.Text) = "B" Then

328



(

Text I.Text = "b"
Else

Text 1.Text = ""
End If
IfUCase(Text2.Text) ="D" Then

Text2.Text = "d"
Else

Text2.Text = ""
End If
IfUCase(Text3.Text) = "D" Then

Text3.Text = "d"

Else
Text3.Text = ""

End If
IfUCase(Text4.Text) = "C" Then

Text4.Text = "e"
Else

Text4.Text = ""

End If
IfUCase(Text5.Text) = "A" Then

Text5.Text = "a"
Else
Text5.Text = ""

End If
IfUCase(Text6.Text) = "D" Then

Text6.Text = "d"
Else

Text6.Text = ""
End If
IfUCase(Text7.Text) = "B" Then

Text7.Text = "b"

Else
Text7.Text = '"'

End If
IfUCase(Text8.Text) = "C" Then

Text8.Text = "c''

Else
Text8.Text = ""

End If
IfUCase(Text9.Text) = "D" Then

Text9.Text = "d"
Else

Text9.Text = ""
End If
IfUCase(Textl0.Text) = "D" Then

TextlO.Text = "d"

Else
TextlO.Text = ""

End If
If UCase(Text 11.Text)= "D" Then
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Text II.Text = "d"
Else

Text11.Text = '"'
End If
IfUCase(Text12.Text) = "D" Then

Text12.Text = "d"
Else
Text12.Text = ""

End If
IfUCase(Text13.Text) = "A" Then

Text13.Text = "a"
Else
Text13.Text = ""

End If
IfUCase(Text14.Text) = "D" Then

Text14.Text = "d"
E\se
Textl4.Text = ""

End If
IfUCase(TextlS.Text) = "B" Then

TextlS.Text = "b"
Else
Text] 5.Text = ""

End If
End Sub

Private Sub CmdNext_ClickO
Me.Hide
FrmActivity3S. Show
End Sub

Private Sub cmdPrev _Clickf)

Me.Hide
FrmAetivity33. Show
End Sub

Private Sub emdswme CliekO
checkwatdid
cmdswme.Visible = False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attempt them again.") " vblnformation., "TDware Notification"

End Sub

Private Sub Command 1_ClickO
detcc = lbldetc. Caption
frmmsg.lbldetc. Caption= detce
IfUCase(Textl.Text) = "C'' Then

a=l
Else
a=O
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End If
IfUCase(Text2.Text) = "A" Then

b = 1
Else
b=O

End If
IfUCase(Text3.Text) = "B" Then

e=l
Else
e=O

End If
IfUCase(Text4.Text) = "C" Then

e = 1
Else
e=O

End If
IfUCase(Text5.Text) = "D" Then

f= 1
Else

f= 0
End If
IfUCase(Text6.Text) = "C" Then

g=l
Else
g=O

End If
IfUCase(Text7.Text) = "A" Then

h = 1
Else
h=O

End If
IfUCase(Text8.Text) = "B" Then
i= 1

Else
i= 0

End If
IfUCase(Text9.Text) = "C" Then

j = 1

Else
j=O

End If
IfUCase(TextlO.Text) = "C" Then

k = 1
Else

k=O
End If
Tot = a + b + e+ e + f + g + h + i+ j + k
pee = (Tot / 10) * 100
peet= CInt(pee)
Text l o.Text = peet
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Unload Me
frmmsg.Textl6 = pect & "%"
frmmsg.lbltest.Caption = 26
Me.Hide
frmmsg.Show
End Sub

Private Sub FormLoadt)
Me.Move (Screen.Width - Me. Width) / 2, (Screen.Height - Me. Height) / 2
Me. Height = 9285
Me. Width = 10035
'RTB.FileName = App.Path & "\activity34.rtf"
End Sub
Sub checkwatdidi)
IfUCase(Textl.Text) = "C'' Then

TextI.Text = "e"
Else

Text 1.Text = ""
End If
If UCase(Text2.Text) = "A" Then

Text2.Text = "a"
Else
Text2.Text = ""

End If
IfUCase(Text3.Text) = "B" Then

Text3.Text = "b"
Else
Text3.Text = ""

End If
IfUCase(Text4.Text) = "C" Then

Text4.Text = "c"
Else
Text4.Text = ""

End If
If UCase(Text5.Text) = "D" Then

TextS.Text = "d"
Else
Text5.Text = ""

End If
If UCase(Text6.Text) = "C" Then

Text6.Text = "e"
Else
Text6.Text = ""

End If
IfUCase(Text7.Text) = "A" Then

Text7.Text = "a"
Else
Text7.Text = ""

End If
IfUCase(Text8.Text) = "B" Then
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Text8.Text = "b"
Else
Text8. Text= ''''

End If
IfUCase(Text9.Text) = "C" Then

Text9.Text = "e"
Else
Text9.Text = ""

End If
IfUCase(TextlO.Text) = "C" Then

TextlO.Text = "e"
Else

TextlO.Text = ""
End If
End Sub

333


