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ABSTRACT

I'he study mvolves the development of a techmical drawing sofiware package
called T.D. BASICS for the teachmg and learming of téchmceal drawing at
secondary school level, A modular approach was adopted using the computer as
medinm  of mstruction, T.D BASICS s an individualized learming form of
programs arranged ' sequental order and broken down mto small tasks or
activities tor the leaner to progress at lus or her own rate

| he techmcal drawing software package is divided into two lessons. Lesson
one: Techmical Drawmyg Basics. Lesson two, Geometry Lesson one presents a
check list of what a student of technical drawing should learn for effective
drawing, These are:-Uses and care of drawing instruments, lines and lettering
techmques. board practice, freehand sketchmng, dimensionng and notation,
l.esson two  presents in detail the technique associated with geometnc
constructions. It covers both the plane and solid geometry. Each lesson 15 divided
intor o number of modules programmed in a logical step by step order from simple
o complex for use at all levels of the secondary school educational setting
(15851 —5583).

The objectives lor each module are outhned at the beginming o give an insight
mto 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
teachmg and learming of techmical drawing and as a self-educator. The application
software is fully interactive and user endly. It runs on Microsoft windows

operabing system,
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CHAPTER ONE
INTRODUCTION

Ihe current educational svstem in Nigeria has. as one of its novel
elements. the miroduction of pre-vocational and vocational subjects into the
secondary school system. The pre-vocanonal subjects are offered during the
first three vears of secondary schooling while the vocational subjects are
offered durmng the last three vears ol secondary schooling. In all a Nigeran
child is expected 1o have had six years of exposure to vocational education
betore completing secondary schooling. These six years are partitoned mlo (wo
ners, Three vears of junior secondary schooling and three years of semor
secondary schoohng,

[he national policy on education (federal republic of Migena, 1989)
describes the jumor secondary level as both academic and pre-vocational. Tlas
means that all the basic subjects which would enable pupils to acquire further
knowledge and develop skills are taught m the jumor secondary school. The
pre-vocational subjects currently offered (Federal Mimistry of Education 1985)
mclude mtroductory  Technology, practical Agniculture, Home Economics and
Busmess studes.

Introductory technology as a course compnses techmeal drawing, metal
work applied electricity/ Electromics, wood work, Auto-mechamcs and building
work. In the semior secondary school courses such as metal work Auto
mechamic, apphed elecinicity, wood work, Technical drawing, etc are offered

and taught separately,



Vocational education wviz-a-viz technical drawing according to the
Matonal Policy on Education (1989 rewvised) 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 Engineenng education.

- To prepare students for further raining in Engineering

- To provide ornentation and basic skill with which to start a life work for
those who may not undergo further tramning.

- To provide basic skill for personal use in future.

- To relate the knowledge and sklls to the national economy.

Evidently, the most important goal which the Natonal policy set out
to achieve 15 to make education both functional and utilitarian. Like a nation
pq:;i:‘.w:-:l to break away from its colomal past. The opeming 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 polincal development.

Unfortunately the state of vocational education in Nigeria secondary
schools today exemplifies more than any other, the dilemma of a country at the
cross roads. A country desinng to take its place among the country of the
developed nations but unable to get it's acts together in stmulating a national
consciousness that can propel self — motivated development.

Viocational education 15 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 msconceived area of the educational systems since the days of the

early mssionaries, Also the importance of vocational education was only
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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 phenomencon and the problems that have accumulated over the
vears must be solved quickly, through research to pave way for progress in the
ared.

The Nigenan 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 1s 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 Nigenan hgher mstitutions of
learning.

Techmical drawmnyg as one of the vocational subjects offered in secondary
schools have not been accorded the necessary recognition at this level of
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 appropnate
textbooks or mstructional matenals, there are no techmical 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 ahke. Despite the laudable Nanonal Education Policy objectives
concerning the compulsory mmplementation of the subject in jumor secondary
schools (introductory technology) and semor secondary schools, there 15 a low
priority for it at those levels of education. Superior status is ascribed to science

education including mathematics at the expense of techmical drawing.
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1.1 The Role of Technical Drawing in Technology and Engineering
1.1.1 Concept of technical drawing

[echnical drawing according to Hart (1972), 1s the principal means of
communication m engmeering. It is the method used to impart ideas, convey
mformation and specily shape, and 15 oflen said to be the language of the
enuineer. 1t s an international language and bound hke any other language by
rules and conventions. These may vary shghtly in detml from country 1o
country but the underlying basic principles are common and standard.

Elekwa, et al (1983) defined drawmg as a wuversal language uvsed for
commumication among technical people. These are engmneers, technicians,
dravghts men, ete.

Techmeal drawmg according to Fadakim (1995) 15 generally a special
study in the fields of technology and engineering which greatly enhances clear
conmnumcation through techimcal graphics. Techmical drawing 1s very important
in technology and engimeermg due to 1t genenc and mevitable apphication
engineermg  graphic  design and  commumication, One cannot  stress  the
importance ol techmcal drawing fully wathout hoking it with these two related
chsciplines that really give ot that ngh recogmbion. Hence, technology and
engmeenng. which demand the study of techmcal drawmmg are discussed here
relation with each other 1w reveal the essential of technical drawing n
engineenmng graphic commumcation.

1.1.2 Technology

Technology has a wide meanmg, Adejuvigbe ( 1998) sees technology as
the study. mastery and utihzaton of manufacturmg and industrial methods,
svstemanie apphication of knowledge to practical tasks m industry Olanan

(1996} defines technology as the use of products of creativity, inventions and



scientific research in the service of man, Jackson ( 1970) sees technology as the
process of applymg scientihic principles 1o the achievement of defined material
objectives. Horby (1974 ) postulates that technology 15 an “expert apphcation of
scientthic knowledge m problem solving, Technology therefore means those
activities which produce alteration in the matenal world in order 1o sansty
huwman needs casibh  Technology simply means skallfully changing the form of
matural resowrces to sabsty human needs, 1os diffealt 1o distmgnnsh technology
trom other activities such as techmeal drawmg m so far as the former relies on

the latter

1.1.3 Engineering

Fadakim { 1995) defines engineering as a profession that deals with, the
development and services of technology (o the benelit of man kind. It 15 a
profession devoted to the development and services ol technology for social
civibizatton. comfort, safety, and health of human being in the society.
Eogmeerng 15 the profession that puts power and matenials to work for man.
Unece a scientfic poneiple 18 understood the next s engmeerning winch translate
the scientihic discoveries into soft ware for Faciltatmg concrete products or

goods for man’s comtort.

I.1.4 Technical drawing and technology / engineering
The role of techmical drawing in the development of technology cannot
be over emphasized. The wdea of “technical drawing for technical drawing sake™

17 ks

15 @5 strange in our times as wealth for wealth sake™ “science for science sake™
and =o forth. All human activities must serve mankind if they are not to remain

useless and e occupations. Wealth exists so that man may benefit by



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 technology:
technology is a by-product of creativity”, The matenal 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 15 developed and not necessarily transferred
or imporied as many people think, people develop technology, when they
“aprove their knowledee. skills and orocedures of making and dome things,
une of tne condions most favourabie to invention is 10 accommodate
knowledge and experience in techmical drawing and creativity. 1echmcai
drawmng 1s the basis ot all engmeznng disciphines and the foundation of
discovery. There 15 need to provide knowledge n technical drawing, science
aid technology as mtegrated sudy. indusinal producis are first drawn on paper
prior 1o the mecnamcal mass production, 1he design engineer indicates e
possibiiies of a new product througn s creauve skiis in techmeal drawing,
the scienusts creates the knowledge of s reabzavon through the systemalg
stndv of natural phenomena or abstract ideals and the engineer/ technolomv
Mtechmician deals with the use of organized skill to the problem.

Leonardo Davinei was the first to suggest graphically the idea of a flying
machine and it has taken science and engineering four hundred years to calch
up with him. In like manner, the concept ol a rocket to the moon was [first
conceived through drawing Talabi (1979). The relationship between techmcal

drawing and technology could be seen in all objects of our daily use like In all
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modern architecture, TV sets. bndges, cars, acro plane, etc. Such basic aspects
of hife as commumcations transportation, shelter, health, elc would be virtually
impossible wathout the knowledge of the techmical drawing.

Most often. one finds it difficult 1o describe in full detail engineering idea
concenved m the nund or the shapes and appearances of engineermg structures
or poods such as roads bndges, buldings, aero planes, radio, television, motor
cars, machme parts, ete m o overbal or mathematical expressions except by
drawing. Therelore techmcal drawing 15 a language developed through the use
of techmeal graphics 1o deseribe the shape of objects in technology and
engineering.

lechnology does not only mvolve science and mathematics, [t rehes
much on techmcal drawing skills. The technological concept may require
science, but the imagery or creativity 15 techmical drawing. The important
relationslup between techmical drawimg and technology 1s that the later draws on
the former. Technological products have to be designed through the knowledge
of techmcal drawing by a design engineer, before they are fabricated. The skill
of the design enpmeer, his ability 1o imagine and create what 1s yet to be are all

assets to the technological era,

1.2 Importance of Technical Drawing in the Secondary School System.

A basic knowledge ol techmical drawing 15 desirable {or every student
who has passed through a secondary school. Whether he aspires to be a doctor,
fawver, economust, policeman or a man of any other profession, he will need to
develop the abulity to express himsell through simple drawmgs, A policeman
can describe the scene of an accident by means of a simple skeich. A manager

can also descnibe the arrangement of lis office with simple drawing,



e of the problems facing the students of engineering and technology n
the developing countries is that of madequate communication in technical
graphic  language. Every secondary school student wmtending to  choose
technology or engineering as a career must be able to develop skill in ths
distmet mode of conmumcation m order 1o deseribe and understand clearly any
technical concept. 1t 15 an important subject that must be understood by any
mtendinge student of engmeenng, o he miends 1o function well at lus Tullest

capability in his choice of engineering profession,

1.3 Computerized Learning Desk in Technical Drawing for Secondary
Schools

Computenzed learming desk n techmeal drawing {or secondary Schools
simply means the creating or developing computer software that could be used
i the teaching and learning of techmcal drawmg m the secondary school. Ths
software 15 an individualized self-leaming form of programmes arranged in
sequential order and broken down into small tasks for the leamer to progress at
his‘her own rate to ehieit predetermined responses.

Computer have been performing a vital role i the hife of man, especially
in the area of education where 1t 15 excellently making waves, sufhice to say that
it 15 makmg learming to be more mteresting 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 rdeal concept that allow each student to progress through an
entire curriculum at his or her own speed without interference from the teacher

or educational mstitution.



L4 Obiectives of the Research Project
The objectives of the Research work are to:
{a)  Develop a techmcal drawing sofiware that is directly tailored 1o the need
and background of the students for the teaching and learming of technical
drawing at secondary school level.

(b Present in a simple and unagimative form software that 1s user friendly,

1.5 Research Methodology

A study of waching and leaming of technical drawing in secondary

schools was undertaken to proffer solutions to the problems of imparting the
knowledge of the subject at this level ol education.
A modular approach uwsing the computer as a medium of nstruction was
adopted, This was followed with the development of technical drawing software
package. This software 1 an mdividualized self-learmng form ol programmes
arranged i sequential order and broken down into small tasks or activities for
the learner to progress at lus'her own rate. The code, other wise known as
program, consists of language statements, constants and declarabions arranged
together m a logical manner on the code window. The order in which the code
executes depends on the user,

Ihe soltware for the computerized learming desk in techmical drawing for
secondary schools was developed using visual basic language. A lNowchart
relatmg the activities mvolved in the project was developed to provide a clear
thagrammatic representaton of the steps mvolved in the use of the soltware,

The application software was test run, it was found to be fully mteractive
and user fnendly. It runs on Microsolt windows operating system and found to

be appropnate tor the ieachig and learming of techmcal drawing.
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1.6 Project Significance
[he successful execution of this project work will enable technical drawing

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

will go a long way o improving curriculum development for technical

educatian,

[0



CHAFTER TWO

LITERATURE REVIEW

There has been a number of studies that have dealt with the teaching and
learning of vocational subjects vis-a-vis techmcal drawing in our secondary
schools. While some have taken a look at the attitudes of students towards
techmcal drawng, some have considered the effects of teachers’ charactenistics
on the performance ol students m techmeal drawmg. A oumber ol others lad
emphasis on the usefulness of mstructional matenals in the teachmg of the
subject, Not many studies however, have so far been camed out on the
development of techmical drawing soft ware. Never the less, the various studies,
which have been carned out on the teaching and leammng of techmical drawing,

will be re-viewed

2.1  lIssues in the Teaching and Learning of Technical Drawing

Techmcal drawing occupies an important positton in the sphere of
technology m the world. It 15 both a subject of study as well as an important
medium of commumication in virtually all levels ol engieenng.

The wnmportant roles assigned 1o techmical drawmg m the various
thsciphnes of engineering where techmical drawing is required has created
awareness i learners of the need for them to attain an adequate level of
proficiency m it Thus the teaching and learming of techmical 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
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one time or the other have researched into the performances of students n
technical drawmg at all levels of our educational system. For instance
Ogunmola et al (1979), in their findings describe these performances as indeed
very low. These lindings per harps prompted the investigation of Oluwaseyi
(1981) and Franklin (1992) 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 { WAEC) releases the secondary school
leaving examunation results, students performance m techmcal drawing shows a
progressive decline over that of the previous year (s) so also, at the tertiary level
ol education students competence w techmeal drawing bas become a major
concern and source of worry (o experts in the fields of engineening. Even where
wgems claimed to have credit in and distinctions in the technical drawings
thelr actual pertormance m the subject negates and makes nonsense of such
results and certihcates.

| he teachng and learming of techmeal drawing have over the years been
lindered by a number of problems. A number of experts in the field ot
engmeermg and vocational techmcal education have, over the vears, focused
attention on different problems assocated with techmeal drawmng teaching and
learming m Nigenan secondary schools. Olawoye (2000} camed out an
invesigation o the leammng ol techmical drawing in some ol the Nigeran
=econdary schools and observed that first. there 15 the need to identifv student’s
problems n the learming of technical drawing. And that, these problems should
be ranked according to their degrees of frequency in order 1o find solutions to
such problems. So also Akimsowon in earlier study (Akinsowon: 1985) carried
oul a nation wide study mto the problems of teaching and learming of techmcal
drawing in some Migernan terbiary mstitutions. Among his findings, 15 that the

correct principles are not observed from the outset of drawmg.
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There is no doubting of the fact that the teaching and learming of
technical drawing in Nigeria is bedeviled by various problems. These problems
ranges from those inherent in the technical drawing itsell to others associated
with the learners and stll 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
ellectiveness ol its teachers. However enlightened the mms, however up to date
and generous the equipment, however efficient the administration, the value of
education to the learners 15 determuned by the teacher. Une of the problems of
teaching and learnmyg techmcal drawing 15 the 1ssue of teachers with inadequate
mastery of the subject. Mayock (1982) has observed that teachers who teach
techimical drawing at the secondarv school level are not the best one can find. In
lus submission, he noted that n very many cases they are e most m
experience and less qualified teachers who handle the teaching of techmical
drawing at the secondary school. Okoro (1980) among other scholars discovers
that teachers nowadays contribute to the declining performance of students in
techmecal drawmg. His findings which confirms the submission of Mayork
(1982) reveals that there are teachers whose methods of teaching can be
described as obsolete. Apart lrom this, he arpues that the levels of academic
attamment of some do not m anv wav 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 Chetayo (1985) agrees with the notion that teacher’s poor academic
background in techmical drawmng can linder lns performance m the subject he 13
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,
i3



As a result of the teachers’ poor ability in the subject, they do net follow the
teaching of technical drawing in the appropriate order. The four areas of
technical drawmg VIZ technical drawing fundamentals, plane geometry, solid
geometry and engineering aspects are either presented in the wrong sequence or
everything is lumped together from the learners first week at school, The use ot
the wrong methodology by teachers also contnbutes to learner’s inability to
understand technical drawing, With the faulty foundation being lad at this level
where most students have their first encounter with the leaming of technical
drawing leamers start learning wrong things which become very difficult to
correct in future.

Another contributing factor to student poor performance in technical
cawing 18 the students themselves. Apathv 13 a eeneral [eeling towards
recnnical drawing by some students who are of the opinion that technical
drawmg 15 a daemon mtractable o students. Working on the issue of low
student enrolment m techmical drawing in the secondary schools, Thomas
(1971) commuied that many students were nol aware ol what the study ol
techmical drawmg entmls, and consequently did not enroll in the subject. He
also found that the reputation techmical drawing has as a difficut and
soplusticated course ol study, contributed to student refusal to enroll in the
subject.

Coupled with inadeguacies 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 mnstructional materials are in insufficient
quantities, thereby making them unaffordable to parents, Fadakim (1995) in lus
book powmiled out that the lack of appropnate mdigenous text books on the

subject that are directly tailored to the needs and background of the students is
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one of the problems facing the students of engimeermg and technology in the
developed countres.

The end result of the problems lughhghted above i1s that learners leave
secondary school with a poor and shakmg foundation n technical drawing.
Thus there can be no doubt that the contmued poor performance of engineenng
students m Techmeal drawmg exammations has s ongin in the poor
foundation lard ot the secondary school level. However students have better
chances 1o study’ techmical drawing with appropriate instructional matenals to
supplement the classroom teaching.

lechnical drawing teaching and learning in Nigenia suffers from a dearth
of nstructional materals and equipment. Vital instructuonal matenals for
teaching are unavaillable because the nation can no longer atford to import from
other countries since it has become very expensive to do so. Secondly
inportation of teaching matenals can hardly be justifiable m a country that 1s
committed to the goals of self-reliance and self-sufficiency. Allermative ways of
developing the needed mstructional matenals witlhin the country therefore has
to be exmmined. The Nation cannot achieve technological and mdustnal
preatness through the use of obsolete mstructional matenals m teaching and

learning or tramming 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 (1977) presented a defimtion of instructional

technology as a systematic way of desigming, camyving out and evaluating the
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total process of learmng and teaching, in terms of specific objectives based
upon research in human learmning 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 idenufication, development,
organization and utilization of a full range of learning resources and through the

management of these resources, Instructional technology according to

Lumsdaire ( 1967) 13 grouped under 3 categones. These are:-

1 Instructional Technology |

i Instructional Technology 2

m  Instructional Technology 3

Instructional technology 1 1s what may be regarded as the hard ware or product
approach or conception of nstructional 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
instruchional technology as a means of mechanizing or automating the process
of teaching with devices that have the potential to transmit, amplhify distnbute
record and reproduce siimulus matenals.

Instructional technology (2) 15 regarded as the soft ware or process
approach. It 18 concermned essentally with the development of learming
experience through the application of the sciences of learning. Instructional
technology 2 1s associated with pnnciples of programmed learning or

mstructon.



Instructional technology (3) according to Dawvies (1973) 1s referred 1o as
the new instructional technology. This tended to reconcile instructional
technology (1) and (2) 1t essentially combined both hardware and software
approaches and emphasized the application of systemic or organic rather than
rngid or mechanistic procedures. The focus 15 thus on the application of the
concept of system analysis to education so as to enhance and promote
efficiency and effectiveness in the teaching — learming process.

The role of computer in the teaching and learning of techmical drawing
cannot be over emphasized today in our schools and colleges. The
contemporary teaching and leaming process of engmmeering in general and
techmical drawing in particular are characterized by a host of mnovatons and
mampulations. The need to imcorporate mstructional technology 3 wvis-a=wvis
computer in today’s teaching and learning has become imperative in view of its
importance in engineenng teaching m general and techmical drawing in
particular,

Computerized mstruction 15 a new dimension to the educational system
of MNigeria, emphasizing all other school subjects. Specifically, the application
of computer in techmcal drawing lesson activities 15 in evitable. In the national
policy on education (1977 Rewvised 1981) mnstructional 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 berer
understanding, captures more authentic information with a better view of
images and peneral 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 1s built up, effective leaming 1s likely
to take place. Computerized nstruction as noted by Enckson, 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 produchve since it helps o speed up the rate of students leaming. In
addition to making students learm [aster or promote greater acquisition of
knowledge computerized instruction also makes them to understand deeper,
‘2tain joneer and appiy accurately what has been learmed as compared with
owmer approacihes. he use of computerized instruction according to Ighamadu
(1992) help to make learning real and more permanent. 1t create impression that
are so vivid and powerful that learners hardly forget experiences they are
exposed to through the computer. Other benehits are:

Capacity building of problem solving in students

Helping to claniy complex events

Helping to overcome physical limitations in 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 matenalize a lot of effort and
recourses both material and financial 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 1n 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 “Techmeal drawing basics™ presents a checkhist of what
students of techmeal drawing should learn for effective drawing.

he major areas covered in this topic include: uses and care of drawing
mstruments, lines and lettering techmques, board practice, free hand sketching
and dimensioning and notation, their purpose/applications and regulations.

The topic 15 divided mto five 5 modules with assessment questions
provided at the end of each module to test the student knowledge on the area
covered m the module. These modules are:

Module 1: Uses and care of drawing mstruments
Module 2: Lines and lettering techmques
Module 3: Board practice

Module 4: Freehand sketching

Module 5: Dimensioning and Notation,

The practical problems provided at the end of the topic 1s 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 1o 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 nexi

o

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

all the instrucnons and observe all the rules,

J.1.1 Module I-/ses and care of drawing instruments

The purpoze of this module 15 to enable students of techmical drawing to gain
knowledge of basic drawing mstruments and to instruct students ol 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

techmcal drawmg,



OBJIECTIVES
By the end of this module, you should be able to
< Identify and hist the basic drawing equipment and materials
< State the uses of each of these drawing instruments and materials

S Draw the mstruments

% 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.
e 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 techmical drawing are histed below:
“ Drawing board
“ T - square
< 30" - 60" degree triangle (set square)
@ 45" degree triangle (set square)

< Adjustable triangle
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“ Prolactor

* French curve -
< Templales

< Soft rubber eraser

< Dusting brush

% Drawing paper

< Cellotape or clip

< Pencils

= Dividers

4 Pair of compasses

< Lead sandpaper

ACTIVITY 1.0-1: DRAWING BOARD

The drawing board is a reclangular piece of good quality wood with a smoalh,
flat surface. It is used 1o hold the drawing paper on the smooth at surface. The
ends are usually cleaved o prevent warping. Batterns are also fitted al 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 A” = B41 x
1189, A' = 594 x B41, A? = 420 x 594, A’ = 297 x 420 and A* = 210 x 297,
The A? - size drawing board measuring 420mm x 584mm is the ideal board for

the use of students.
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Drawing board

il

Tee Square
_,-'-""F.r.

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

ACTIVITY 1.1-1: T- SQUARE
The T-square consists of fwo parts, 8 head and a blade fastened together,
T-sguare is either made of wood or plastic. T-square range in length
between 450mm to 15300mm, The length should be approximately the
same - as the width of the drawing board being used,
The three major uses of the T-sgquare are:
< To draw horizontal lines
% For placing or setting drawing paper on the board

w To serve as a basc lor triangles

Plistic straight edge

g A

-
- I.-'D
| i
e \ 7
Y | a \'}l. >
W Head Hewd wood hlnde Haole for hangmg
an hail

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

better view of the work.
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ACTIVITY 1.2-1: TRIANGLES (Set squares)
The most commonly used drafting triangles are 00 % 600 degree and 45
degree types. They are made of transparent plastics, figure 3.
Triangles are used to;
& Draw lines perpendicular to 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 09 to 90¢

Z i aq'
5i)

™

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

Seale

F

/

/| A

Figure 3 (C) : Adjustable Triangles
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ACTIVITY 1.3-1: PROTRACTORS
Protractors are used for measuring or sething off angles other than
those obtamable with the triangles, Protractors are made of mckel silver
material. T is graduated near the circular edge into angles, from 00 -
&80V, The scale 1s numbered clockwise, [rom O — 1809 and annclockwise
from 1809 - O,
Measuring angles with the protractor
% Place the centre O of the protractor on the intersection of the two
linés that formed the angles fipure 4 ap that one of the lines
comncides with the zero line of the protractor.
< Read from the zero line of the protractor to the degree that

corresponds with the other ines. Figure 5,

Figure 4: intersection of the two lines

Figure 5: Reading from right to left (anticlockwise) angle 0 is 450,
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ACTIVITY 1.4-1: TEMPLATES
A variety of templates are available for drawing threads bolts, screws,
nuts and head types, Templates are used n drawing to save a
sreat deal of tme and to produce more uniform representations of
threaded lasters. |
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 nonecircular 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.

Fig. 6 French curve,
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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 minirmzed if the drafter
can do good work.

Much erasing time and damage 0 drawings may be saved by
drawing all lines first as construction lines and by using the correct
grade of pencil.

The twa types of erasers used in technical drawing are:

* The hirm textured rabber eraser figure 7 for erasing ink lines and

2 The soft vinvl eraser for erasing pencil lines and cleaning drawings.

When erasing, the drawing sheet must be held firmly on the drawing
board with the {ree hand while the eraser is rubbed lightly back and

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

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

Figure 7: Soft vinyl eraser

ACTIVITY 1.7-1: DUSTING BRUSH

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

////,)

\  Figure 8: Dusting brush

ligure 8.

.EHEI'JJP Illlilrlr"|!|'1:':|I |r|l||:“:| l.gﬁhl-
||“I|. l‘“{# “|| I"'I|I‘I" l..'\
I|lI 1‘" I|I ik I' |'
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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 |210x3297
A-3 |297x420
A-2 |420x594
A-1 |594x841
A-0 [841x1189

Table 1: Showing the Various Sizes of Drawing Sheets

The AZ gize is the recommended type lor 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 frechand sketching, HB or H pencils are used
while for other types of lines such as construction lines, hidden lnes,
centre lines, dimension lines ¢tc. 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, ril'clcsi,an:s 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

cdges are used [or drawing linus

T,

= {

Figure 9a: Pencil sharpened Figure: 9b pencil sharpened
to conical point to chisel like point.

ACTIVITY 1.11-1: PENCIL SHARPENERS AND GLASS PAPER BLOCK
If a lead mechanical pencil 15 used no sharpening is reqmrv:.d since
the lead diameter determines the line width, If a wood pencil is used it is
necessary to sharpen the end either with a mechanical sharpener or a
sharpening knife depending on the shape desired
Glass paper block is reguired for mamtaimning the pencil point at all

LEETEE.

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 used in techmical drawing
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(i} The bow compass figure 1 1la is used for drawing arcs and circles af
small radius,can be adjusied for large circles,

(ii) Beam compass ligure 11b is used for drawing large arcs and

crrcles. — —
NANENENNNDEF RN AREEEEE O DN RR
I J.III'II J|'Jllr:::1||II1|[1 F T
.f"/ \ |
Figure 11b: Beam compass

]

Figure 1la: Bow compass

ACTIVITY 1.13-1: DIVIDERS

Dividers are used to transfer or step off distances and to divide
straight and circular lines mto 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 1s 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 propartion to full size
li.e. enlarged or reduced). The common type of scale used in technical

drawing 1s the metric scale.

ﬂ ;l ||||1| |||| I IIIItI r||||| ||1| I I|I||I[III|J'II|I I T || I |4| I ||||rh
i I A 3 4 3 iy
Figure 13: Metric scale,
ACTIVITY 1.15-1: CARE OF DRAWING INSTRUMENTS

i) Drawing board should not be used for any ather purpose

(i1} Pin should not be used on the drawing board except tapes and
chips

[i11]  The face of the drawing board should be covered when it 15 not

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

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

eurve,ete.
(vl  Tee-sguares should not be converted to a walking stick,
(vi} Do not play with drawing instruments 5o as not o damage

them or cause injury to vourself and those around vou.

SELF ASSESSMENT QUESTIONS
Read each guestion carefully. Complete the blank spaces provided

by choosing the correéct option from the options [A - D) provided for each

question.
(1} Drawing board 15 made of material
(Al Ceramics (B) Rubber €] Wood D) Iron

{2}  The straight edge of the drawing board serves as a base for
INStrument,

{A) Set-sguare (B} T - Square (C) Protractor (D) Compass
(3] The following are standard sizes of drawing board except

{A) BY (B a® [C} aA' (D A3
{4)  The following are the major uses of a T-square except

(4] To draw curved line

(B) Todraw horizontal lines

[C}  For setting drawing paper on the drawing board

(D} To serve as a base for set squares
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&)

7]

15)

(<)

The following are types of tnangles except
[A)  60% x 70 triangle

(B} 309 x 60 triangle

(C) 459 triangle

D)  Adjustable triangle

Type of triangle that can be used in laying off of any angle from
(A= [0 R -

(A 300 x 600 triangle

(B) 459 triangle

{C] 709 triangle

(D)  Adjustable triangle

The instrument used for measuring angle is

(A} Triangle (B] T-Square (c} Protractor (D]  Divider
Frenech curve can be used to draw any of these except

(A Non circular curves

(B)  Plat motion and lorces

(C)  Make engineering graphs

(D) Perfect triangles

In order to save much erasing time the drafter must

(A} Draw all lines first as construction lines
| B} Draw all lines first as outlines
IC) Draw all lines as hidden lines

(D] Use 2B pencil
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(10)

[12)

[14)

[13]

The object shown below 15-a/an

(A) Sharpener (B} Eraser [C} Pencil (D) Crayvon

One of the following is an instrument material for holding drawing
papers on drawing board

(A) Cellotape [B} PencillC) Pin (D) Eraser

The object drawn below representsa /an

[A} Eraser

r
(B Pencil { >
= §

L6y Compass

(3] Diavider

The pencil for lettering must be sharpened to point

[A} hisel

(B] Conical

{C] Sguare

(D) Rectangular

A pair of compasses is used to draw all of the following except
[A) Circles (B} Straight lines (C) Semi-circles (D) Arcs
Scalesare used for _ in technical drawing

[A) Laying off distances and making measurement
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18] Drawing circles and arcs
() Drawing (riangles and arcs

(D) Drawing circles and triangles

ANSWERS TO ASSESSMENT QUESTONS

(1) ¢ (2) B (3] A 4] B (5] A {6 D
7 C (8} D (9] A (10 B (11] A (12) B
(13) B (14] B (15} A

If your score is up to 60% congratulations, proceed to the next

module if otherwise ga over the module again
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J.1.2 Module 2 — Lines and lettering 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 techniques. 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 umt, you shout be able to:
(i) ldentify different types of lines
(i1} Apply these lines in drawing
(1)  State the different types of pencil lead grades used for
drawing each type of line.
(v} Carry out good lettering using the single

stroke gothic lettermyg,

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 guestions at the end of the module. Do not lock up

answers to guestions belore vou answer them.
- Ta get the best result out of studying this medule, you should obey

gll the instructions and observe all the rules.

ACTIVITY 2.0-1; LINES
Each line on a technical drawing has a delimte 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 hne thicknesses are recommended, thick line 0. 7mm wide and
thin line 0.3mm wide. There is a good contrast between different kind of

lines;

Continuous thick line

Visable Linme H. For HI,

Thin short dashes

Hidden Lise 2H or H.

Thin continuous

Secteen Line 2 Hor H

Thin continuous

Projection Line 2H or H

Thin long chain

>

- Centre Line ZHof 1
Dimension Line 2H or H

Thin line with arrow heads
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Cutting plane line or Viewing
plane line. [T or 113

ra W
Thick short break line H. F..or HB

=

Long break ling 2H or 1

Phantom line 2H or H

Thick long chain

Freehand line for short or

lirnit of partal views

Thin ruled line with freehand

zig zag.

Thin for alternate positions,
repeated details and paths of

[rotion

Fig. 13: Line Convention used in Technical Drawing
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Fhidden Line
Projection Ling

Travel -+ — -
[
|..._.__—>4| | T
1 B l
— e — G —— I
—_ —.._ _ ——————— e = 4 -
7 4 | ay,
[ - i '-.‘ ,
Plumtom Line r" \ Dimension
i 1 Line
]
' i
. .
S ra
1, ry ‘
Centre line G

|
|
|
-
!
|
i
|

)

Cutting Plane Ling Section Line

=

COutline (Visible Line)

Fig. 13 : Line Conventions used in Technical Drawing.
ACTIVITY 2.1-1: LETTERING

Regardless of the type of lettering adopted in technical drawing, the
most impertant features of good lettering are. neatness, uniformity,
stability, speed, proper spacing and above all eligibility.

Lettering in technical drawing consists of dimensions, notes and
ather data that are best conveved using alphanumeric characters.

Dilferent wavs are used for lettering in technical 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 frechand lettering.

There are several lettering styles in technical drawing. The standard
style established far freehand lettering on technical drawings is the single
struke Gothic lettering, Gathic letters may be vertical {(igure 14a) or
mchined shghtly to the rnight igure 14b. The lettering character may be

upper or lower case (capital or small letters).

ACTIVITY 2.3-1: GUIDES TO GOOD LETTERING
1) Pencils for lettering {(H or HB) must be sharpened to a conical
point,

{11) Alwavs turn the penecil [requently to & new position in order to
weal the lead down uniformly and keep the lettering sharp.

{1 Al wvertical suokes should be drawn downward while all
horizontal strokes are drawn from left to right

Light horizontal and vertical guidelines are neécessary to regulate the

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

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

(vl A mmxture al both stroght  oand melined lettering 18 not
acceplable. [ s cither straught or inclined letlering.
[w) Spuace between wo letters of g word should be smaller than that

between two words,
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{v1] Except for brief notes, small letters are rarely used. Ea-:_:h letter
or number should be approximately émm high with a gap of
dmm or 4mm in between horizontal guidelines.

fviil For dimensions and notes a character height of about 3mm
should be used, and characters should be about the same
width.

vin) Decimal marker used with metric units should be bold, given a
letter space and be placed on the base inee.g. 18.07

{ix} Dimensions les than unity should be preceeded by '0' e.g 0.3

{x] In single stroke strike lettering, all the strokes are uniform in
thickness and each stroke is produced by one movement of the

penctl.

BT -D I F G H1TJ K1 M
N O | R—N—TFT 1TV W Y7

—

a b ¢ de o I I
N0 p g r S  1u v

kT m
X

V7

1
W

4567 8 910

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

letters, lower case and numerals
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AB P FF 6 HT T KM
NOPORSTUVWXYZ
234 5 & 7 & 90 -

Figure 14b: Pencil strokes for making inclined Gothic upper case (lette:
and numerals).

ASSESSMENT QUESTIONS
R How many lhne thicknesses are recommended in technical
drawing? [(A) Four (B)Five (C) Three (D) Two
[ The type of line used for visible outline is __ -
(A} Thin short dashes
[E] Thin continuous e
() Thin long chain line
(D) Continuous thick line
[3) The type of line used [or sectioning is
[A) Long chain line
(Bl Thick long chain line
(€] Thmn line with arrow heads
(D)  Thin continuous line
(4] Phantam line s drvwn with grade of pencil
(A) 2H (B) 3H () 2B (D) SB

{53) The following are lettering methods except
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[A) Traditional lettering created by frechand lettering

B} Mechanical lettering technigques by scriber templates
{C]  Painung

(D) Type writing notaton

[5]] Lettering may be or

(Al Inclined, lrregular
(B} Vertical, Irregular
([} Wertical, Inclined
)] None of the above,

iTi  The wype of peneil recommended {or lettering 1s _

(Al sH (B} 4H (€) 2B (y HB
i3] Dimensions less than unity should be preceded by

(A) 1 (B) O c) A D) B

ANSWERS TO ASSESSMENT QUESTIONS
| LB 2.0 4D 44 5C 6C7.D 8B
Move wo the next unit if your score is 0% and above, if not repeat the

sty

44



J.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:
% Pasten drawing paper on the drawing board with the aid of the T-square,
% Draw different types of lines such as horzontal, vertical, inclined,
parallel and boarder hnes
% Draw different types of utle blocks

% Use some of the instruments to draw certain objects or shapes

HOW TO STUDY THIS MODULE
Read through the module once. When you find any unfanubar word, go
to Microsoft word for the meanming.
- Y ou 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 answenng 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

(1]

(1]

f111

(iv]

(v]

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.

Drawing paper shauld be fixed close enough to the upper edge
af the board to permit space at the bottom of the sheet for using
the T-square and supporting the arm while drawing.

Cellotape (drafting tape) should be used for fastening the
drawing paper to the beard to avowd damage to the paper and
the board.

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.

Move the T-square to the middle as shown in figure 15 and
(ustenn the upper corners followed by the lower corners.

Additional fastening may be required for large paper.
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T ==suuare head Board
i Tape

| o '[-.:'I C:Fﬂ lee Square

| I -

{ I

\] & S

)

Drawing Paper

Figure 15: Fasten paper on drawing board.

ACTIVITY 3.1-1: DRAWING HORIZONTAL LINES

i The T-sguare should be tight against the working edge of the
drawing board {left hand edge].

{11 Slide the left hand inward a little 50 as to press the T-sguare
blade tightly against the paper while the head still maintain the
squareness with the drawing beard edge.

(i) With vour drawing hand, incline the pencil in the direction of the
hnes 1o be drawn and draw ligure 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
Vertcal hnes are drawn with the aid of the set square (45% or 300 x
&0V triangle)
FROCEDURE
(1) Set the T-square head against the edge of the board and press it
with your left hand
[11) Place the triangle on the T-square with the vertical edge on the
lelt, and the base resting properly on the blade of the T-square
figuire 17,
{11)]  Press both the blade and the T-square against the board.

(1v] Draw the vertuical hine upward on the left side of the tnangle
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L~ He&l square

X

\

\

Figure 17: Drawing vertical lines

ACTIVITY 3.3-1: INCLINED/PARALLEL LINES
Inehned Lines are drawn either with the aid of T-square and any ol
the triangles figure 18a or by placing the triangles agamst each other

shown in figure 18hb.

W
/ |///_x\ N\ A1

—

~ el rouare
___.-"

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-sqguare could be adjusted to draw

more lines depending on what s desired.
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‘ ‘—'_'* 30"/60" set square

Figure 18b: Drawing parallel lines
NOTE: The lower setsquare is held with the left hand firmly on the
board while the upper set sguare is allowed to shide 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 ol points are plotted to
accurately establish the curve. The French curve 1s then matched with
three ar more points and a segment 15 drawn at a time until the line is
Cotplele

Figure 19a-¢

a0




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 ete
There are two types of ttle blocks. These are:
Corner title block figure 20a, It is usually placed at the bottom

(41

right corner of the drawing sheet.

(it) Full-length title block. Figure 20b:. 1t is usually drawn across

the length of the sheet at the bottom.
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I
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| &L
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e — Boarder
Line NAME ¥
SCHOOL
Slhimn = ——— = — 'T‘
[ITLE 5
————— I
SCALE DIMESIONS e
DRAWING NO |DATE
s . K
I— Drawing sheet
Fig. 208 : Corner Title Block
] 1
i
— Hoarde
T
Fach
| ‘il'hiLl..'
/"- Thmam
| I
k
. 7 = i / W
NAME TITLE ___ISCALE |
SCHOOI DIMESIONS 3lhnm
3 =

Figure 20b; Full-length title block

%+ The boarder line is usually drawn in thick contnuos line and

alwavs 10mm to the edge of the drawing paper.
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% Upper case characters (capital letters) are preferred to lower case

characters in title hiock.

ACTIVITY 3.6-1: CARE OF DRAWING

Cleanliness in technical drawing is very important and should

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

technical drawing student, to ensure neatness in drafting:

1)

(ii)

[11i]

(1v)

[vi

{vil

(i)

Hands should be clean at all times. Wet hands should be wiped
frequently with a clean cloth.

Drawing equipment should be frequently cleaned with a clean
cloth.

Sliding of the drawing instruments like T-square, protractor,
trimngles, French curves,etc on the drawing should be avoided.
Dusting brush and not hand palm should be used when
removing eraser particles from the drawing.

Pencil should not be sharpened over the drawing -or any
drawing eguipment.

Try as much as possible to avoid resting the hand or any part of
the body on the drawing.

Store completed drawings in a save apartment to prevent

damage.



(vil] Lavout 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 ol the board
(A] Toreduceerror (B}  Increase crror {C] To prevent the
paper from falling off the board (D} To prevent warping.
(2) What must be used to fasten the drawing paper on the board?
(Aj Pin {B) Compass (C) Divider (DY Cellotape
(3) The hand that is used to press the T-square head against the
warking edge of the drawing board 1s _hand

(Al Right (B] Left

(4] The instrument used lor deawing Worizontal line is _ e,
ia] Divider (B) Compass (C} Protractor (D] T-square

(7 Wiy must the pencil be rotated between thumb and fingers when
drawing? ____

{(A] To maintain a conical point  [B) Te relief the fingers from

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

(6] The instrument used for drawing vertical lines 1s
{A) Protractor (B] Divider (C] Compass (D} Set - sguare

(7] When drawing vertical lines with the aid of Set-square and T-
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square, Lhe vertical edge of the set square must be an the
~ side [A) Right hand (B} Leift hand

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

instrument. (A} Cempass [B) French . curve

(C} Sharpener (D] T - square.

(@)  What is the name of the drawing instrument shown above.
(4] Sel square (B) French curve [C) Sharpener

()  Eraser

(10]  The instrument in guestion 9 above is used in drawing ___line
iA]  Horizontal (B] Vertical {&] Curve (D)  Straight
(11 Tordraw ircepular curve o seriesof _ must be plotted to

accurately establish the curve, [A] Points (B} Lines (C) Circle
(D} Arcs

(12) The title block contains the following infermation except,
A} Name of drafter (B) School (C) Scale (D) Drawing instrument

{13} _and ~_are the two types of title block used n

technical drawing. (&) Horizontal & Verucal (B Upper and

Lowe cases (O] Circles and Arcs (D] Corner and full length
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(14} The boarder line is usually drawn it _ __line

|A) Thick continuous B Thin continuous

i€ Short dashes (D) Long dashes,

ANSWERS TO ASSESSMENT QUESTIONS
(A (@D (3B 4D I5)A {61 D (71 B
@D (@c (ocinya (121D (13D (144

Mave to the next module if vour score 1 up 10 63%, if below study

the mmodule agaimn
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3.1.4 Module 4-Frechand skeiching
Freehand sketching i1s a method of making a drawing without the use of

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

commumicating 1deas for a design, and 1t 15 used 1n every step thereafter.

OBJECTIVES
Al the end of this unit, you should be able to:
% Sketch different types of lines and curves
<+ Sketch areas circles and sermcircles

% 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 mam and important
wdeas. Look up any unfamibiar 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 carryving out technical sketching.

Some of these reasans are:

(L)

[«3]

(4]

6]

(7]

To guickly put an idea that may likely escape the mind on paper
To develop a series of ideas for reflining a new product or
machine parl

To develop and analyze the best methods and materials for
making a product.

To give design ideas to drafters so that they can do the detail
drawings.

To persuade decision makers or client about a project that an
wdea 1s good,

To show that there are difterent ways to look at or to solve a
problem,

Tey spend less time 1o 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 skerching the following general rules apply:
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(a) Hold the pencil Girmly, but not so tightly to aveid tension or hand
fatigue,

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

ie} Horizontal lines should be drawn from left to right using short,
slightly overlapping strokes

(el] Vertical lines should be drawn from top to bottom using slightly
averlapping strokes.

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

RN

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. 21a

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

B
¥

-
rraEEErE SRR a =
r ¥

-

= u
= EEE R ]

Figure21lb: Connecting the dots to produce object
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STEP III: Complete the sketch made by using dots or dashes as guides

g, 21c.

Figure 21c: Complete sketch made by using dots or dashes as

guides

ACTIVITY 4.4-1: SKETCHING CIRCLES
STEP 1: Sketch the vertical and horizontal centre lines to locate the

centre of the cirele figure 22a.

Step 1

Fig. 22a

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

vependistant from the centre. Fig, 22b

B0



| |
I |
-
Fig. 22b
Step 2

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

Fig. 22c
Step 3
STEP 4: Draw the diagonals of this square and mark off the radial

distances {rom the centre on these diagonals. Fig. 22d

.—-qh

AN

Fig. 22d



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

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

Fig. 22e
Step 5
ACTIVITY 4.5-1: SKETCHING OF ELLIPSE (Fig. 2.3a produce]
A sunilar technigue for circleis used for sketching ellipses except that
Lhe sguare beeomes a rectongle
STEP I: Locate the centre lines of the ellipse by sketching the major and

FRRERRAHS aAmies

o nxes

Fig. 23a. Major axis

|
|
|
o t+———
|
I
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1

|

|
Fig. 23h

STEP I1l: Sketch arcs where the centre lines touches the box

—

—
e

}_

I

.
_.—PF”'I

|
|
|
i
|
|

Fig. 23c

STEP IV: Skeiwch the ellipse by joining these arcs

i

Fig. 23d
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STEP V: Clean off the reetingle.  This method can be used to draw
gaskels 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 tvpes of sketching, Orthographic, axonometrie,
obiliue and perspective.

A shkilled sketcher must learn to maintain proportion without the
use ol wols and ads. The best device lor accomplishing proporuon in
skerching s human eye and constant practice.

Guides relating to proportion in sketching;

STEP 1: |sometric grid or squared papers inform of graph paper should
be used where possible. The lines are normally spaced at 10mm
Intervals.

STEP 2: Break the object into component parts.

STEP 3: Lavoul the largest components according to the proportions.
ACTIVITY 4.7-1: ORTHOGRAPHIC SKETCHING

The six principal views of an orthegraphic skeich are: top, front, bottom,
back, right side and left side. The views selected [or use in a sketch
depends on the judgement of the drafter and the nature of the ohject.
The views selected must be views that shows the most detail and the

fewest hudcen lines
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STEP I:

After selecting the views, block mn the entire sketch belore

adding details

.

PLAN

|
|
|
|

FRONT

= -
s s ] =

FNTY

STEP 1I:

Add the details once the layout is blocked in Figure 24b

Figure 24a




AXONOMETRIC

ACTIVITY 4.8-1:

[zametric,

There are three types of axonometric projechion:

The latter two projections are rarely used in

diametric and trimetric.

ty in proportioning Ecah} values of length,

sketching due to the difficul

width and height,

Isometric Sketch Procedure

ACTIVITY 4.9-1:

STEP I: Draw the isometric grid assuming the square is 10mm.

AVAMAARAAANA A XYY
qhdﬁriﬁdhihﬂhd-ﬂp Y AAY
AANANANAAN R AN YW

Al hip#irqrﬂqﬁdﬁ-ﬁﬁqwq

AAAA XA LR T,
AN R XYY

AKX XA
WAA XK K ISOVA
AR X XA

ATATAVAVLVATAA AVAVAVLVY,
ﬁﬂﬂhﬂhﬂqﬁhﬂﬂhﬁﬂiﬁ Yy

Figure 25a

STEP II:

l.:l:‘.l.:-L]E e 1somel e axes.

OVATSAASAAANA A X X
VAVAVA ViVAVAVAV.V.V.V.0 /A,
AANAANAANA AN YV

0RO
ik - A )
Ea.##ﬁhﬁﬁ#ﬁ?h&%#
R
ATATAYAWAYA A A
OO0k
OOy
A OCOIAA
A OO
A O

AX A Y Y VAAA
OOV VAN
___ﬂﬂhﬂhﬂrﬂhﬂhﬂdﬁ#ﬂﬁhﬁh

Figure 25b
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Block in the object using construction lines.

STEP III:

ATV VAR R
WVANAANNNAANR XYY

#ﬂ-_.-ﬂ.-i.-_.-irqﬁﬁ
AAA Y XA XK YAAN
\AAXIVVY X R Y VAR
XYY VAL
Eﬁ AVAVVAATA'AY VAV
A ATAVAVAVAVAAVAVAVAVATATL

Figure 25¢

-alle] to one receding line

5 pal

STEP IV: Darken line

g line.

WAYAYAYAYA) hﬁ DAY
DA AR A Y
dhdhdhihihihﬂihﬂhﬂhﬂ.ﬂ'ﬁd
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TAAVAVAVAVAVAVAV.SAVAV.N'A
TAAAVVAVAVAV VAV,
ALK ANASANA R TV
AN A AR Y Y
ASANAARKAR AN
SO OOYYY
VAVYAVAVAVAVAVAV.9 @A TATA
AR Y Y
AN
ATATAYA W, \
qﬂqqﬁr ¢0Jo%>¢r¢hr
Y h 1 v

_..#_-_p .F-###HHEP#

cordd recedin

q__.d_. #ﬂrﬂrﬂqﬁ#
Y AVAVATAYAY.YAYS

Darken lines |::-L-|1'Hilt'1 ta the s¢

l.qhdrihr
WAVATAY

SO
....._., r.ﬁ..._

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

STEP VI:

'y
WATAATAYAY YAV AV.YAVAY. R
A AAAIAAAT
AAVAV.VA AV
Pihihi-ihﬂhﬂhﬂhﬂﬂhﬂpﬂp-ﬁr
AVAY. VATV S RAY
AR AT
AAMNAARAN & )

hﬂiﬁ#ﬂhﬂhﬂrﬂrﬂiH-.ﬁ.___quﬂ

Od_—ﬂlrﬂipipdﬁp-.-!ﬂqhﬂ
hdh#ipi-lmﬂil [ ATATA

Figure 25d

ircle in 1sometric sketching will appear elliptical,
Cirel ketching will appear elliptical

Note:

TO DRAW A CYLINDER IN ISOMETRIC

ACTIVITY 4.10-1:

PROJECTION

The two ends should be

Sketel & box and add the centerlines.

STEF:

Fig. 263

|

s draen i:'| i".—'\.l:III'Hl.'[I (L |:IH'|_|1.!L'|||3]'I.

b 18

| ™~

Fig. 26a: Isometric Box
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Darken all vertical lines to complete the drawing

STEP VI:

YATAAVAVAVAVAVAVAVTATAY.S
pﬂﬁpﬂ#ﬁqﬁp«p&rﬂ
VATAVAVAVAVAVVAV VAT A,
PO ANSA RN AT VS
AR A KA YT
Y YAV A AT
ihird..ibﬂihirﬂﬁpﬂi#ﬂﬂi
Y AVAYATAVVAY.Y. S G ATATA
AR Y WY
YAV A
ARSI T YV

ALY -ﬂq
4«.--0 ﬂmo
AKX AN __ii h..
VALY ] F##ﬂ#ﬁﬂ.qﬁ dﬁp
ATAVLY E.ﬂqhq

Figure 25d

Circle in 1sometric sketching will appear elliptical.

Note:

TO DRAW A CYLINDER IN ISOMETRIC

ACTIVITY 4.10-1:

PROJECTION

The two ends should be

RBketch a box and add the centerlines.

STEF:

sepures drawn an isometric projecton,

2Ba

L3

Fig.

Fig. 26a: Isometric Box
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STEP II: Sketch the circles at both ends. Fig, 265

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

and clean off the sgquare. Fig. Qe

Fig. 26¢: lsometric Cylinder

ACTIVITY 4.11-1: OBLIQUE SKETCHING: [nvolves a combination
of a fMlat orthographic front surface with depth lines receding at an angle
of 451,

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

[
&

2Ta
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Fig. 27a Oblique Sketching

{ STEP 11: lavout the at [ront surface of the object, |
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STEP l1I: Block in the depth by drawing parallel lines. Fig. 27b

A

Figure fig. 27b 0Oblique Drawing

Ubligue sketching allows round components to be drawn round

rather than elhptical.

ACTIVITY 4.12-1: PERSPECTIVE DRAWINGS
Are the type of pictorial drawings that most nearly represent what
Boseen by the eyve,  In perspective drawings parallel lines tend to

onverge as they receed from persons view while parallel lines remains
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parallel 1 oother pictorial drawings. The two common [vpes are ine

“single point perspective” and the “Two point perspective”

ACTIVITY 4.13-1:8ketching perspective isingle point)

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

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. 280
STEP III: Estimate the depth of the object and mark off on all line

projected. Fig. 28c¢ VP

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

rear surface. Fig. 284d

Fig. 28d

ACTIVITY 4.14-1: TWO POINT PERSPECTIVE
STEP I: Layout the two point perspective frame the two point vertical
height and the two vanishing peints (right and left) and the receding

lings, Fig. 29a

Fig. 204: Receding lines

P



STEP II: Lavourt the details of the object. Fig. 29b

i, 24b

Hoizon line

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 carrving out technical sketching

'.'Z“-Cl'.\'.'_ﬂl..

(A)  To guickly put an idea on paper

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

(']  To develop and analyze the best methods for making a

praduct

(D) To determine the tvpe of mstrument 1o be used.

|2} Freehand sketching s -a method of making a drawing using

only

{A}) Crayon (B) Caolours (] Pencil (D) Ruler

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

[A Dashesordots  (B) Cuocles [C) Arcs (D)
{4) The first step in sketching a circle is
Al Marking oll the radial distance of the circle

i8] Drawing a sguare through marked points
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{C] Drawing a rectangle through marked points
(D)  None of the above
(3)  The two axes needed in sketching an ellipse are
(4] Upper and Lower axes [B] Upper and Middle axes
(¢} Major and Upper axes (D]  Major and Minor axes
{0 How many types of sketches do we have?
Al 3 (2] 4 (Cy S (D} 6

(7] The fullowing are types of sketches except

[A) Orthographic (B] Axonometric [C) Oblique (D) Quadrilateral
(8] The lollowing are principal views of orthographic sketch
excopt

[A) Top (B) Front (C) Bottom leflt side (D) Flat
sicle

i tine of the following 1s not an axonometric projection

(4] Isometrc (B] Obligue (C) Diametric D) Trimetric

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

[A)  Smm (B] 8mmm (C) 10mm (D}
i omim
(Ll Ansometric cirele will pive ___ Shape
(A} Perfect circle (B} Elhptical {C) Bguare (D) Rectangular

112} The depth lines of an obligue sketching receed at an angle of

(Al 300 (B) 60Y (&) 45¢ (D) 350
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(13] The first step in oblique sketching is _

(4] Lavout the flat front surface of the object

(B] _______ Block in the depth by drawing parallel lines

() Draw the honizontal, vertical and receeding lines
(B} None of the above.

{14]  The shape of round object in oblique sketching is
(A)] Elliptical (B}] Round ([C) Sguare ()
Rectangle

[15]  The two common types of perspective are

(Al _ Single point and two point perspectives
(B) Isometric and single point perspective
€} ) Two point and oblique point perspective
by Five point and six point perspective

(15)  When the horizon line in a two point perspective is positioned

above the view, it provides 8 view of the of the object.

(A}  Top (B} Right|C) Left [D) Bottom

ANSWERS TO ASSESSMENT QUESTIONS
(D2 38 @Cec B D B (1D (8D [9) B
(e (38 (1HC ({13 € {14} B (13} A (16} A

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

medule, 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 (measuring systems),
dimension elements, dimensioning features for size, dimensioning features for

posibion, rules for pood dimensioning and notes.

OBJECTIVES
After studying this module you should be able 1o:

L]
i‘i

Identify the various dimension elements and apply these elements in
techmical drawing.
Identify the measuring systems and use them in technical drawing

Dimension features for size and posibon.

L

Identify the various dimensioning rules and apply them in technical

drawimg

o

* Put notes on drawings
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HOW TO STUDY THIS MODULE
- Rend through this module ithoroughly. You should as you read, try to note the main and
impentant weas. When you find an unfamiliar word, try and look up the meanings of such
unfamifiar word in Microsoft Word
- You should study this module step by step as they have been arranged For you You
must do the exense at the end of the module. Do naot try (o look at the answers before
answenng or attempling the questions

- At the end of the module answer the review questions that covers the 1opic before

prioceedim o the mext lopec

DEFINITION
Dimensioming 15 defined as the process of defining the size, form and location of

gepmetric contponents on engineering drawings  Notation is the process whereby needed

mformation not covered by dimensions 15 placed on a techinical 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



make the ohject, 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

< < > o = 5iZe

-+ —l-Ir-— L -+ I"‘H L = Location

-

Fig. 30: showing Location and Size Dimensions

ACTIVITY 5.3-1: DIMENSIONING SYSTEM

The dimensioning svstems used on technical drawings are the.
Metrie dimensioming, decmal mch  dimensioning and  [ractional

dunensionmg:. The metric system of dimensioning has been widely

adupted and iz gaining favour worldwide

ACTIVITY 5.4-1: Metric Dimensioning: When the metric svstem 1s
used, dimensions on drawings are given 1in millimeters, meters and
micrometers. The millimeter 15 the standard metric unit of measurement

an fechnical drawings,
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ACTIVITY 5.5-1:

Y

(11}

(1)

()

[vi]

Metric Dimensioning Rules
Dimensions which are less than unity {less than lmm)
should be preceeded by zero “0", Fig, 31a
When a dimension i3 & whole number, neither .the zero
nor the decimal 1s required. Fig. 31b
Digits in metric dimensions are not to be separated
into groups by use of commas or spaces. Fig. 3lc
There should be consistency with the unit of
s rermert,
When a metric dimension consists of a whole number
and a decimal portion, the whole number 15 written
first, followed by the decimal point and finally, the
decimal part of the number. Fig 31d
The unit of the dimension should be indicated in the

tile block or 1n & small reciangle below the part, e.g.

“ALL DIMENSIONS IN MM”

—_— | Lh -d—zn—h*l'—]:r—."'l—m—l'

™

-
I,

Fie. 31b

[
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Fiw 31 d

ACTIVITY 5.6-1: DIMENSION ELEMENTS

A standard set of compenents are recommended for use on technical
drawine, These components nclude dimension lines, extension lines,
arrow heads, leaders and the real numbers ar dimensions.

ACTIVITY 5.7-1: Dimension lines

Dimension lines are thin lines with arrow heads at each end used to
incicite the distance being dimensioned. Dimensioning lines are drawn
as thin linesusing H or 2H

Phmensn lnes may be broken lor the placement of dimensions.

Fig. 32a

Broken dimension lines o allow for the

placement of dimensions,
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Where dimension line 15 not broken the dimensions are placed

above the line. Fig. Fig. 32b

Fig. 32b

—d
-

|

b—l

dmension figures should be properly placed on the drawings. Fig. Fig.

| [l || ] Il

Fig. 32¢

[ncorrect ¢
et

When dimensioning multiple features of an object, dimensions should be
cligied uniformly and not stageered or randomly scattered about the
object. g, 33

7 81l
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Step 5
STEP 5: Join these marks with everlapping strokes. First from the nght

sicle of the circle from tap to bottom, followed by the left side, the same

gy, Fio, 22¢e
Fig. 22e
Step 5
ACTIVITY 4.5-1: SKETCHING OF ELLIPSE (Fig. 2.3a produce|

A similar technigque for circleis used for sketching ellipses except thai
the squiaire becomes o rectangle
STEP I: Locate the centre lines of the ellipse by sketching the major and

MINOr axes,
Mlinor oxs

Fig. 23a. Major nxis

|
|
|
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STEP II: Draw the rectangle around the centre line. Fig. 23b

Fig. 23b

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

]

|
___,.-ﬂ-'_[_‘-'—-h_““

-~

| | |
__E__T_H}_
e : i

L]

Fig. 23¢

STEP IV: Sketch the ellipse by joining these arcs.

. |

|
=¥ -

e |

— -

Fig. 23d
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STEP VI:

Darken all vertical lines to complete the drawing
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hhhhﬁnﬂ.«qﬁﬂqﬁ_ﬂr
VAVAVAVAVAVAVAVAV.TVAV. 0
DIOINAANNAANAA LY
AARAAANXAARY XY
FAINAAS A .wo.'.zo
AAAAMAAAA LYY
AV AVAVAVAYAVAVAVAV. S 80 TATA
VYA AVAVAVYY Y S A TAY
PANANNNN dd##
VR ANAAAA LB VYWY
ALYV 89 9 SO
ViV.0.9.0.0. 9.0 8 S AAY
AN TE X %A NN
A XA
AN T XK AR
V.90 ATAA 08 ALV

 ATTAAR @7 ATVY

Figure 25d

Cirele in 1sometric sketching will appear elliptical.

Note:

TO DRAW A CYLINDER IN ISOMETRIC

ACTIVITY 4.10-1:

PROJECTION

The two ends should be

Sketch a box and add the centerlines.

STEP:

g

Fig, 2

WY I ISGMeLrIe projeciion.

:"\'..l_illulll':"i- L

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 tangenual to the circles

and clean aff the square. Fig, 26¢

Fig. 26¢: Isometric Cylinder

ACTIVITY 4.11-1: OBLIQUE SKETCHING: [nvolves & combination

of a flat orthegraphic [ront surface with depth lines receding at an angle

r

ol i

45
Procedure: STEP I: Draw the horizontal, vertical and receding lines.

Eicr ATy
Fie., 2Ta

(%)
=

EY



Fig- 27a  (blique Sketching

i STEP 1L: ivoul the flat front surface of the object. | |
1 |
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STEP 11I: Block in the depth by drawing parallel lines. Fig. 27b

\
\ﬁ____ \

Figure fig. 27b Oblique Orawing
Ubligue sketching allows round components to be drawn round

rather than elliptical.

ACTIVITY 4.12-1: PERSPECTIVE DRAWINGS
Are the tvpe of pictorial drawings that most nearly represent what
oseenn by the eve.  In perspecuve drawings parallel lines: tend to

converee as they receed from persons wiew while parallel lines remains
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parllel in other pictorial drawings. The two common Types arc 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. 2Ba

Fig. 28a

STEP II: Select and mark a single vanishing point [VF) Project all

font surface back to the vanishing point. Fig 28hb
VP

points on the

Fig. 280

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

projected, Fig. 28c Vvp

Fig. 28¢
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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: Lavoul the two poinl perspective frame the two point vertical
height and the two vanishing points {right and left) and the receding

mes. Fig, 293

L ¢ v

Fig. 29a:. Receding lines
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STEP II: Layvout the details of the object. Fig. 29k

Floriron hine

g, 240
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 [ollowing are reasons for carrving out technical sketching

Cxoe M

(A}  To guickly put an idea on paper

1B}  Todevelop a series of ideas for refining are new product.

L} To develop and analvze the best methods for making a
product

(L) To determine the tvpe ol mstrument w0 be used.

(4] Frechand sketching s a method of making a drawing using
____only
(A Crayon [B] Colours [(C) Pencil (D) Ruler

(3 are used as guides for skerching straight or curve lines
[A) Dashes ordots (B) Circles (€] Arcs (D] Rule

(4] The first step 1n sketching a circle 15

(Al Marking oI the rachal distance of the circle

1B} Drawing a square through marked points
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{C) Drawing a rectangle through marked points
([} None of the above
(3} The two axes needed in sketching an ellipse are
{A) Upper and Lower axes (B] Upper and Middle axes
(0}  Major and Upper axes (D] Major and Minor axes
{1} How many types of sketches do we have?
(A} 3 (2] 4 el =5 (D} &

(7]  The lollowing are types of sketches except

(A) Orthographic (B] Axonometric (C) Oblique (D) Quadrijateral
{8) The fuvllowing are principal views of orthographic sketch
eRDept

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

sple

Cine af the following is not an axonometric projection

(A} lsometric (B} Oblique (C) Diametric (D) Trimetric

{10} The size of isometric grid square used in sketching is

(4) 5mm (B Smmm  (C) 10mm oy
1 amim
(L Anasemetrie circle will give _ shape
(A)] Perlect circle (B) Elliptical [C) Square (D) Rectangular

112] The depth lines of an oblique sketching receed at an angle of

(4] 30 (B] B0 |C) 450 (D) 50
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{13) The first step in oblique sketching is E

(A} Lavout the [lat front surface of the object

(B Block in the depth by drawing parallel lines
€] Draw the horizontal, vertical and receeding lines
(D} None of the above.,

-

(14} The shape of round object in oblique sketchingis __
(A] Elliptical (B} Round [C] Sqguare (18]
Rectangle

(15] The two common types ol perspective are

A ~ Single point and two point perspectives
(B] ___ lsometric and single point perspective
(L) ~_ Two point and oblique point perspective
(D) Five pomnt and six point perspective

(16) When the horizon line in & two point perspective is positioned

above the view, it provides 8 view of the

of the object.

(A)  Tep (B} Right (€] Left (D) Bottom

ANSWERS TO ASSESSMENT QUESTIONS
) D @2c A @4)C (5D BB (7yD (8)D (9 B
e (1B (1€ (13 C (14) B {(13] A (16) A

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

muodule, if no re study the module.
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3. 1.5 Module 5-Dimensioning and notation

This module covers in depth the lundamentals of dimensioning and
notation. The areas covered mclude: specifying the scale (measuning systems),
dimension elements, dimensioning features for size, dimensioning features for

position, rules for pood dimensioming and notes.

OBRJECTIVES

After studying this module you should be able to:

< ldentify the vanous dimension elements and apply these elements in
technical drawing,

< ldentify the measuring systems and use them in techmical drawing

* imension features for size and position.

< ldentify the various dimensioning rules and apply them in technical
drawing

< Pul notes on drawings
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HOW TO STUDY THIS MODULE
- Fead throueh this module thoroughly. You should as you read, try 1o note the main and
important ideas. When you find an unfamiliar word, trv and look up the meanings of such
unfamiliar word in Microsofl Word
. You sheuld swdy this module step by siep as they have been arranged for vou  You
st do the exerise at the end of the module, Do not iy 1o look at the answers before
answenng of atlempting the queshons

- At the end of the module answer the review guestions that covers the topic before

proceeding o the nesq topic

DEFINITION
Dimensioning 15 defined as the process of defiming the size, form and location of
sepmetric components on engineering drawings  Notation is the process wherchy needed

mformation not covered by dimensions is placed on a technical drawing

ACTIVITY 5.0-1: TYPES OF DIMENSIONS g

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




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

shutpe 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. 230

= Sige

- " =

- —-IiT I‘Pi—d— —L—H L = Location

Fig. 30: showing Location and Size Dimensions

ACTIVITY 5.3-1: DIMENSIONING SYSTEM

The dimensioning svstems used on technical drawings are the;
Wetre dimensioning,  decimal  inch dimensioning and [fractional
chimensiomng.  The metrie svstem of dimensioning has been widely

adopted and is gamning favour worldwide,

ACTIVITY 5.4-1: Metric Dimensioning: When the metric system 15
used, dimensions on drawings are given in millimeters, meters and
mierometers. The millimeter 15 the standard metric unit of measurement

an wechnical drawings,
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ACTIVITY 5.5-1:

1)

i

(111}

[1w)

vl

{vi]

Metric Dimensioning Rules
Dimenswons which are less than unity (less than 1Immj
should be preceeded by zero "0°. Fig. 3la
When a dimension is a whole number, neither the zero
nor the decimal 15 requured. Fig. 31b
Digits 11 metric dimensions are not to be separated
into groups by use of commas or spaces. Fig. 31c
There should be consistency with the umt of

reasurement

When a metnec dimension consists of a whole number
and a decimal portion, the whole number is written
first, followed by the decimal point and hnally, the
decimal part of the number. Fig 31d

The unit of the dimension should be indicated in the

Libe Dlock ar moa small rectangie below the part. ¢.g.

‘ALL DIMENSIONS IN MM"

—p =P 1—1n—l-q—_vn—-‘+r.w—>i

Fiu

L 1|

Fig 31h
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ACTIVITY 5.6-1: DIMENSION ELEMENTS

A standard set of components are recommended for use on technical
browinge, These components include dimension lines, extension lines,
prrew 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
indicate the distance bemng dimensioned. Dimensioning lines are drawn
as thin lines using H or 2H.

Dhmenswon hnes may be broken for the placement of dimensions.

Fig. 32a

§

i
\'r—— Broken dimension lines to allow lor the

placement of dimensions,

a1



Where dimension finc 5 not Droken the dimensions are placen

above the line. Fig. Fig. 32b

Fig. 32b

- £d >

inmension figures should be properly placed on the drawings: Fig. Fig.

| |4l | ¢ [ .I

| |

Fig. 32c

Incornect ,
£ emneey

When dimensiening multiple leatures of an object, dimensions should be
aligmed uniformby and not stageered or randomly scattered abour the

olzpeet. Fig. 33

i L
- " -+ >
:'"— Al |[|—.-|4_:||| S _— ] —b—l.‘—lu_hl‘—:-l:l ——
licorrect i, 33 Lot
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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

Drenth |
i
| e —
Hetulin
¥
Eetween i “H.H
views _ " [l | W Fig, 34
o
l- E——a \\\‘

There shauld be enough gap between the object and the dimension lines
and between successive dimension lines. The first dimension line is
by ospocedd T 1w 25mm from the outline while suecessive dimension

mes should have al least Smm between them. Fig. 35a

. ™ Simn Lip

<«
T+ Al least [mm

-

Chutline

Fig. 35a
The shurtest dimension should alwavs be placed closed to the

alyject. Fig. 35b
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]
| ! < &0 >
ik - r"'llfl_
[ et Correet
Fig. 35b
ACTIVITY 5.8-1: Arrow Heads

Arraow heads are used al the ends of dimension lines to show where a
cimension 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
heids can be open or solid.

—

14 L
incorract >

T PR

Chther tpes of arrow heads

-

1/3 of length

Amm

Fig. 36: Extension Lines

Extension hnes are thin lines that extends from the outline of the
chpect. They are used ta locate center points and to provide space ar

Ptcnsnan hnes: Fae, 37

B4



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
the object and the beginning of an extension line.

An extension line should extend about 3 - 4mm beyvond the last
chimensmin line

- > o abovwe the lost dimension

— L->mm gap

s
T

Fig, 37 Extenswn lines
ACTIVITY 5.9-1 Leaders
Lesders are thin, straight lines that lead from a note or dimension

o a leature on the drawing, Fig, 38a

_—"  2xRomm

| .\
il #,-j\\. Aluminium

R Y

e
v

Leader terminating

baaetior A e with on surface with dot

vircht center butl not
extended inta the s
citel conter Fig.38a: Proper use of leaders
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Leaders lines are drawn at an angle of between 30Y and 60" Fig. 38b

4— i
Max = Maximum

Min = Minimum
il Max

"-|':|"
Min

Fig. 38b: Angle of a leader line

Leader lines should not be drawn parallel to extension or dimension
linew. When placing a dimension and / or note at the end of a leader, it
v audvisable to letter from the leader than into the leader, Fig. 38¢c

115 15

—  Not cusy

[FHEAS

Fig 38c
Mmensional notes - These are notes used to describe size or form such

as specilving holes, chamfers and threads. Fig. 38d

]/ Chamfer 10 x 45"

Ity il

2 Huoles

BE



Fig, 38d: Dimensional notes with leaders are used to provide additional
miforngition not communicated clsewhere.
ACTIVITY 5.10-1: Dimension Figures: All lettering should be perfectly
healsle an order 1o 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

1 used, Fig, 398 -¢

|4_5[:_>| _71ﬂ|q— —>| ’<—E

c

)5

RS

Fig. 39 Dimension figures. At “a”, There is enough space,

Al numerds are 3mm heh, Fig, 391

Fig. 39f

—— 3mm high

- All decimal points should be beld with enough space.
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- [hmension figure less than zero should be preceded by zero e.g. 0.5,
- Where the dimension figure exceeds a whole number by [raction of a
nullimerer, the last digit to the right of the decimal point is not followed

Ly setoexcept when expressing talerances. Fig. 40a

Example B | 60 .‘ “ __1.6
Fig. 40a

[ncorrect Correct
= Dimension hgure should not be lettered over any outline on the

drawing. Fig. 40b

; b11]

Wiy Correct

Fig, 40b

- Dimension figures should be placed outside a sectional area but if
compulsory that it must be placed on a sectional area, an opening must
tie felt an the section lining for the dimension figure. Figure 41

[3es1 ; Acceptible Wrong
RS A
e A

« 7 —»
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ACTIVITY 5.11-1: Staggered Dimension

In a group of parallel dimension lines, the numerals should not be

sticked up on above the other. Figure 42 [a] but should be stagpered as

e 1o

20 [R0[40| 30

Fig. 42a (a) Wrong

Figure 42b Staggered numeruls.

'
2 | 30 50
40

EhE LTt

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 rom the bottom of the drawing sheet or [rom the right hand

wicle

a9



The aligned system is difficult to read and should be avoided of

i .'\-\.'\-\.||||.;_' |

Figure 43b Unidirectional system
Lhnhireetiomal svsrtem figure 43b s & svstem in which all dimensions are
witlen sa that they can be read from the bottom of the drawing sheet.
Dimension lines that appear at unusual angles are best dimensioned

saing the umichirectional dimension svstem figure 43¢

Figure 43¢: Unidirectional -~

dimensioning system for an unusu’nli angles. /
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Activity 5.8-1 Specific dimensioning systems

Abbreviations and dimensioming symbols

Square (In a note) S0
Square (Before The Dimension) ]
Diameter { Before The Dimension) ,@'
Diameter (In A Note) DIA

| Number of Time Places 2X
Deep or Depth v
Radius ( Before The Dimension) R
Countersink Ao
Counter Bore Or Spot Face L
Centers CRS
Material MALT
Figure FIG.
Counter bore C'BORE
Pitch Circle Diameter PCD
Across Flats ASF
Across Corners AlC
Round Head RH
Spot Face SF
Reference Dimension { )
Slope E—
Conical Taper =4
Arc Length
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Spherical Radiuos RS
Spherical Diameter SQ
Hexagonal Head HEX HD
Right Hand RH
Left Hand LH
Threads Per Inch TPI
Quiside Diameter O/D
Inside Diameter D
Number NO
Center Line C
Chamfered CHAM
Counter Sink CSK
Millimeter MM
Centimeter M
Meter M

NOTE: Full stop 1s not used for techmical drawing abbreviations unless the

abbreviation makes a word e.g. NO. or FIG.

Dimensionin r nd Angl
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
/117))
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When dimensioning an arc the dimension line runs concurrent with
the je curve, while the extension lines are either vertical or horizontal.
The are symbol 1s placed above the dimension Fig. 44b

Arc Svmbal

Figure: 44b Arc Dimensioning
When dimensiuanng an angle, the dimension line s a circular arg
having 1ts center on the point of the angle, Figure 44c¢c. Angular
dimensions are given in degrees, degrees and minutes or degrees,
minuies and seconds depending on the accuracy regquired.  Angle less

[ aine degree should be preceded by O9,

0" 20°

Fig. 44¢
364 15 20"
Degrees Minutes Seconds
NOTE: Angular meastrements may also be stated in dectmal form.

WU et as mweecled to Enow s that 60 seconds malee 1 minute and 60

ninules muke 1 degree.
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ACTIVITY 5.14-1: Dimensioning Circles
Complete circles are dimensioned by their diameters. Figure 45
The dimension is preceded by the symbol ¢ meaning diameter. Circles

s e showil with wo center lines.

43 Leader pointing to center of eirele

Fig. 45 : Dimentioning 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 4ba-c The dimension line carries one arrowhead only and

are placed inside the Radius except for small radius.

o R 20

= n
o
| /
e (bl
- 3
_ % RS =
(] 1 id] Small Radius
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L‘— 33

el B30

|

Fig 46 a - ¢: Dimensioning Radius

Fur small radius a note may be placed at the title block or bottom
il the drawing thus:
Note: All Unspecified Radii = 2mm.
ACTIVITY 5.154-1: Fillets and Corner Radii: Fillets and corner radii
are dimensioned by a leader. Figure 47 or a small note where there are

Lirge number of hilets or rounded edges of the same s1ze on a parL.

R{. 70

Ri127

Fig. 47 Dimenswoning fillets and corner radii

ACTIVITY 5.16-1: Hidden Features: Dimension line should not be
v o hadden feature in a drawing except in an exceptional cases

such as partial view where there may be no other view [or dimensioning.

A section view should be used. Figure 48
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F
I

777
""""" lT //// 3]
/77

Wrong Right

Fig.48 : Dimentipning 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 44

'y L F 3
b
T ow ]
~=
-
 J 4? L J
T - Br-bio ."
K |

Figure 49: Dimensioning Irregular Curves.

ACTIVITY 5.18-1: Dimensioning Chamfers

Chuamiers are dimensioned in a vanewy of wavs depending on the

citbien ot the chamier;  Fuieure 30 (a-=d)

895




|.L|I

Figire 30 0 = IHmensoning O hamices (d & ¢ Internal Cham t'ur.Q

Chamliers should never be dimensioned along their angular surfaces

ACTIVITY 5.19-1: Dimensioning Necks and Undercuts

Mecks and underculs are recessed cuts into cyvlindrical parts.

Freure 3la — d —— 07 wide x 0.4
b

JS - Dp. Under cut

(1
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L}

/ i
.__.-"'.L_ h5 - \

K

Fig. 51: Dimensioning neck and undercuts

ACTIVITY 5.2i-1: Dimensioning Key Way

Siee

Laeation )
— Totop of ke

— | asepibon

i Tttt |_||'|-;|.'_'| PR

ig.52a | _H

be f Pl

T T |:| "-\-I:I
Fig. 52 Dimentipring keyways (b}
Exterior Size

Note that both size apd 1ocalion dimensiomng are required o

i | ¥
cilpleten ]y Al i is T a Koy Wik

ACTIVITY 5.21-1: Dimensioning Tapers - Conical and Flat. Fig. 53

B



1 —
5
*
v b

Dimensioning Round Tapers

Fig. 53 Flat Tapers

ACTIVITY 5.22-1: Dimensioning Features for Position

Position dimensions specily the location or distance relationship of

ot leprb e of g part with respect to another fearuee o datum

{a) Point to Point Dimensioning: This i1z widely used for
dumensioning locations usually for simple parts figure ...
]
e I TN s LIS, M) SRR STy oil
(i
M0 |
!
i 4
n
- = -
|.. T4 .-

Figure 54: Point to Point Dimensioning.

{B} Rectangular Coordinate Dimensioning
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Is used in locating holes and other features that lieina
rectangular or non-circular pattern. These dimensions are usually at

right angle to cach other and from a datum plane ligure 55,

DE— L& | ,

400 f b o— o —
, |

> 00

+—— 31 =

- 4.

- 5.0 >

Figure 55: Rectangular Coordinate Dimensioning Datum and
Centre Lines

(L8] Polar Coordinate Dimensioning

|s used when holes or ather features to be located lie in a circular
or rachal pattern. Figure 56,  Both radial dimensions and datum planes

can be used in polar coordinate dimensioning..

TR

DATUM

d

Figure 36: Polar Coordinate
[Mimensioning
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ACTIVITY 5.23-1: Dimensioning Cylinder

There are two methods of dimensioning a cylinder. The hrst
muethod 15 when the longitudinal view and the end view are given. Figure
adik i this method the length 15 shown i the longitudinal view while
Hie chometer is shown between the longitudinal view and the end view,
In the second method the end view i1s left off, Therefore, the two

cimensions are applied to the longitudinal view. Figure 57 (b}

e e I | 30
- | =0
S B 4 o
€ b
Figure 57: Dimensioning a Cylinder.
Note: The dmiameter is always speciied and not radius when

dimensioning a evlinder,

ACTIVITY 5.24-1: Dimensioning Square

The length dimension is apphed 1o the longitudinal view while the
wieht dimension 15 placed between the longitudinal view and the end

wKs il preceded by the square symbaol. Figure 38

_______________ ____T'*‘E_
'

nll

A

L i

Figure 38:  Dimensioning a Square

AP



ACTIVITY 5.25-1: Dimensioning Cone

A cone i1s dimensioned by showing its altitude in the view where
the vone appedars as a triangle and showing the diameter of the base
between the wp 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 triangie.
Figure 59a shows the various dimensioning of a cone,

Figure 59b shows the dimensioning of the frustum of a cone while fig 559¢

ilustiate how to dimension a cone that is cut-off at an angle.

G ol

g §l5
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Fig. 59: Dimensioning cone

ACTIVITY 5.20-1: Dimensioning Prisms

A prisim s usually dimensioned in two or more places depending

on the type. Fig. 60

W = Width
[ = Depth
H - Height
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]
.

I |1l Bl
W 4l v !

TE‘ Fig. 60b Square Prism.

- Only two dimensions are
Figure 60a; Rectangular Prisms. needed

v rectangular Prism need 3 dimensions
S, AF = Distance Across lat

e p——— F 3
Dist
ol A ¥

TE T T

35
Y

| ¥

TR R T 1 ; ; o7
[es gzl Prasim ['iangular Prism
Uctagonal Prism

Fig 61: Dimensioning prisms
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ACTIVITY 5.27-1: Dimensioning pyramids

Vv is dimensioned by showing the height in the front view and
the 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 10 show the
hase 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.

|
5 : 40
|

Ei¥

I
| |
==k Ilu
! ) Y

(=11
i

A\l

Fig. 62: Dimensioning pyramids
C Truneated
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ACTIVITY 5.28-1: Dimensioning for Holes

Fieure 63 Dimensioning for Holes, These are various holes produced during drilling. recming.

continer hormg o spat i ing operations

40
-

/)

i

L)

v 0.70 x 87

R

—_—
=1

1086
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Fig. 63: Dimensioning Holes

ACTIVITY 5.24-1: DIMENSIONING CONCENTRIC AND NON

CONCENTRIC SHAFTS

The three methods used for dimensioning concentric and non-
W S ‘.‘-il.]i.l“."i e

(1] Chain Dimensioning. Figure 64a

'l
I 3 3 . 3 3 |
4 _"I‘_V B m—

]
4

'
Y

Fig. 64a



f11) Lratum or buse line dimensioning Fig. 64b

&
[
| |
4 I
- - [
- 1l h
” |3 ._I )
Fig. 64b
ks a0
: 25
fe— -
i Datum dimensioning combined with & reference dimension,
&

Fig. 64c

Reterence Dimension

IIi.l]‘FJ

'r. L 0h -

Fig. 64c

| ].4)

Fy

“igure. bg: Dimensioning Concentric and Non Concentric . Shafts
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Reference dimensions are indicated on a drawing by enclosing in
parentheses,
ACTIVITY 5.31-1: Machining Symbols

Machining svmbols are used for specifving the tvpe of surlace
timsh w be applied w any machined surface, Figure 65a-c.

The small tick in 63b enly indicates that the particular face has to
I muachined. The degree of smoothness 15 not specified

Loy G233 Tmnby thee foesd nurk and the speclal process to produce the

surlpee are specilied,

Machining symbo| ————®

Lkl

Note:  Fimish mark must be repeated in every view where the surface

appears as an edge, even as a hidden line AP
F
2l (.3 .

RN ()
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il al

k1l

d

Fig. 65: Machining Symbaol

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 iup.pﬁ': and
ower limits). The upper and lower limits are calculated by adding or
subtracting the allowable tolérance to or [rom the nominal size as the

s 1miEny he fip AE

Cat Shaatt bonae (b Hede lumin
|
i sy F
| A,
: 7
| 77707
f;.-'"-___,.-i.-".’:"
¥
f/%
= g .
el ™ 320

\osable wlerance = 10 upper limit 350

ehleragilsie poldrunge — s 1 upper L

[amwer bang 310

R PR ol YRR E

Fiu 6h: Toleranee Design of o Size Part
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FITS are the degrecs of tightness or loosSencss hetween maung

ParLs

ACTIVITY 5.32-1: Types of Fits

1) Clearance Fit:- Is the one in which there is space remaining after

muiting parts have beean assembled{positive allowance).

Hil Interference Fit: Is the fit in which the ‘nternal member is lager

b gxternal membeT .

(iii) Transition Fit: ls the fit in which the result might be either a

clearance ar an interference fit after mating parts have heern assembled,

ACTIVITY S5.33-1: DIMENSIONING RULES

(1] Apply dimensions in a way they will not be misinterpreted

Wi aion nes should be drawn an thin hne.

(3 Dmensioen should be placed on visible outlines rather than hidden

lines,
(4] Dimensions should be placed between the views to which they
relate and outside the oautling of the part.

(5] A gap of 1.5mm should be left between the object and extension

line, The extension i should also extend bevond the dimension

line approximately JImm.
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ol Avod crossing dimension lines with extension lines or leaders
whenever possible.

(7] I.'I:ima.l.'11h'5'-||uﬁ should not be duplicated

(8] Each dimensian shaould be stated clearly for casy interpretation in
One way,

(9] Avond placing dimensions on the part 1tselfl

(1L Crowding of dimension lines should be avoided. The gap
Letween the hirst dimension line and the outhne should be at least
| Umum and Gmim for successive lines,

(11 Alwavs dimension from a fhinished surface and not from a
rough suriace

(12 Show dimensions between surfaces or points that have a

functional relationship.

L1 Accentechne mav be used asan extension ine

(1) Centerlines should nor exrend from view to view.

(15] Leader lines should point w the eenter of a hole or circular
sature.

[ L3 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 5.34-1: NOTATION

When all the information needed 0 & particular drawing cannot be
commmunicated graphically nowes are used to communicate or clarify the
designers’ interest,

Notes are brief carefully worded statements placed an drawings to

convey information  not covered or not adeguately explained using

drawings.

ACTIVITY 5.35-1. RULES FOR APPLYING NOTES ON DRAWINGS

sotes should be placed horizontally on the drawing sheet.

Figure 67

Lndercut
: -'-.u——lrl_ xR0

,i.,_- I _//,_ —. 656
| — /

e
P

[ orrect

2> 1.'| Through

rreel

Fisure 67 Notes Pliced Haurizontally

bS]

Wrong: Note wrongly placed

|'hnru@x 23

Fig. 67 Methods of Applyving Notes on Drawings
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Uienernl notes should be placed directly above the title block with
thwe flrst note placed directly above.
The title block fellowed by the first, second, third etc, Table 2

Startung the numbering from the bottom will allow additional information

te be added when necessary,

: :
3 | |

3 G | | |

2 = : i

- . l_ - FOR NOTES

I |

ML)  DESCRIPTION | QUANTITY

NAME . TITLE BLOCK
BSCHOOL
"TYPE OF

[REAWI NG

SCALE | DATE
|

Detail notes should be located as close as possible o
the detail they are describing and connected to it by a

leader line.

Notes should be applied to drawings when afl drawings
have been completed, This prevents notes and
drawings from overlapping and minimize other errors

on the drawing,
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ACTIVITY 5.36-1: TYPES OF NOTES

Fhe 1 basie wepes of noles use i Technical Drawing are:

it General Notes: Are broad items of information which have a
project wide application Father than relating tw just one single
element of a project or part. They are usually placed immediately
Above the title block and numbered sequentally. The pe of
-faFmation placed in general motes are information like finish
specifications, standard sizes of fillets, rounds and radii, hardness
Lo st it ERITLICTIoNS, Pl

(11} Detail Notes: Arc wpecific notes that pertain to one particular
element of a part. They arc placed as near as possible 1o the
element to which they apply and are connected using a leader ling.

Detail notes should not be placed on views. Figure 08,

I | ] [ |
ik

= pm-u-_:ln =
' | \
| |
| |
LA Carrect — i

Fhrough
Fig. 68a: Detail notes

The most widely used lettering for notes is gathic upper case (capital

letterttig) oo, NOTE ALL DIMENSIONS IN MM,
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- Abbreviations should be clearly stated in a legend to
gan
cinsure tat all readers { interpreres the abbreviations

constitientely and correctly. e.2.

] Spot faced
FAB - Fabricate
ASSY - Assembly

FAO - Finish All COver

Notes containing more than one sentence should be punctuated to
s where g sentence cnds and where another begins.
Notes should be jotted down first and properly verified before they

are placed on drawings.

Sample Notes
- All unspecified radii R4mm.
45 deyree chamler all edges
- AllFillets and rounds R3mm
f nutes vgually spaced.
- Heat treal

z CBORE from bottom.
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ACTIVITY 5.38-1: CONSTRUCTION AND READING OF PLAIN AND

DIAGONAL SCALES

Drawings are usually made full size, but when this is not possible

to e must be made (o 8 unilorm scale, [ the size of the object 15

dreer than the drawing paper o reduced scale has to be used so that the

linighed drawings will be 1in proportion to the object. When the size of

the object 15 so small and enlarged scale 1s used.

The scale used in a drawing is usually in the title block as a ratio
n representaive fraction (RF).

INF) = clistance drawn
[Fi=innee represented

vl exmatiple o scale of 30mm w 1m simply means that a line of 30mm

s wall represent lmon the object to be drawn

R.f = distance drawn = 1 |
Distance represented 100< 20
The ration is 1:20
E;'laﬂ}g;:_ment scale  Full size Reduced size

WLREy 101 full size 1:2 half full size

o hve womes full size

c ;

[U: ] en umes full size

[ 500 Diveen times [ull size

A0: 1 twenty imes [ull size

1:5 one filith full size

( 1+10 one tenth full si1ze

1:15 one fifteenth full size

1:20 ane vawentietly full size
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When an object is easy to draw, the scaling 1is often done by
calculation. If the object is not an easy one to produce on the paper, it 1s
gquicker to use a scale ruler or to construct a scale for the purpose of
reducing or enlarging the dimension,

I'lhere are two tvpes of scales.

i Plain scale
{11 Diagonal scale

Each of these can be a reduced, full size or enalrged scale,

ACTIVITY 5.3%a-1: PLAIN SCALE
This 1vpe of scale has two units of measurements €.g. centimeters and
nelres.

Fig. 6Bb: To construet a scale ol S0mm equals 1m to read up to bm n
Centimeters.

v RUTRE

Draw a horizontal line to the required length in this case itis
50 % 6 = 300mm.
- Divide the line into & cqual parts
Drw vertical lines from each of these points and complete the rectangle
« shimen in fig G8b. The length of the sclae can be any convenicnl
bl
Divide the lirst or end division on the left into ten equal parts in order

o show parts of & metre in portions equivalent to 10cm (0. 1m)
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- Write “O" at the end of the hrst division as shown in figure g8b
Number the metres in this case 1 - 5 in large figure
Number the decumal parts with small higures as 2ocm [0.25cm) S0cm,

iD.5my), 7ocm {0.75m)

4 din
Lidui Al 0

i

b
//r] ! 1 3 4

Fig 68b: Plain scale The

NOTe L W | et
whiole pumber is counted to the right of zera while the decimal part is
vimte to the lelt.

Vinsther thing to note is that the scale can be constructed in other units

el ps dechmeters andd metres, centimeters and decimeters, etc,

ACTIVITY 5.35b-1: DIAGONAL SCALE
The advantage of diaponal scale over the plain geale 1s that the
vl scale can be used to much hner limits than plain scale, but take

longer time tw construct and must be dravwn to accuracy.

Fig., 68e: To cunstruct o duigona] scale of 4 centimetres. Equal 1
metre to read L Lo 5 metres in decimeters and centimeiers
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Centimeter

PROCEDURE

Draw AB 20 centunetres (4 x 5] long and divide it into 5 equal parts.

Drow vertical from each of these points and complete the rectangle

Divide the lirst unit inte 10 egual parts.

ivide the perpendicular AC inta 10 equal parts. Draw horizontal lines

from 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 on AB to the top line and draw

dlingonals of one umit slope

33T centimielnes

1.4
T
]
| —
]

i il ]
ectmwelrers Metres
Fig. 68c: Diagonal scale
Wolet Ll the reading is taken from the right hand side to the left hand

sicle on the hornzontal dimensions while it is from the bottom o the top

o1t the vertical dimensions.
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- Always remember that the vertical height of any scale, plain or

diagonal does not alfect the honzontal dimensions.

ASSESSMENT QUESTIONS

is the line used to show where a line begins and ends
{A) MNote line (B}  Dimension line  (g) Lecaton line

(D) Symbols

2. Another name for size description 1s
(A Svimbuols (B) Note (C) Dimensioning (D) Alignment
¥ The dimensioning system in which the numerals are placed in line
with the dimension lines 1s called #i = SySIem.
Al Unudirectional (B) Aligned (C) Ce-ordinate (D) Metric
i The two basic kinds of dimensionsare and
(A} Mewric, Inches (B} Size, Location [C] Size, Inches
=4 Location, Metre,
2. Angles may be dimensioned by degrees minutes, and seconds or by
angles
(A} Metrie {B] Inches () notes read [rom the

Lrecumal (D)  Aligned
¥ When all dimensions are read (rom the bottem of the sheet, the
dimensiomng system is used
(A Aligned (B) Lecation [C) Metric (D] Unidirectional

F il The symbol for diameter 1s Ay A (B} ¢ (€] K Dja
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5

B The dimensioning symbol for counter bore 1

(ajy (B) & (S (D)

[ whlareviaton or cowunier sinkis (Al (Bl B [€d(D) CSK

[\ The amount by which the accuracy of a part may vary from the

\hsolute measurement is called _ =

|A) Datum (B} Reference (€} Telerance (D] Expansion

ANSWERS TO ASSESSEMENT QUESTIONS

i1y B [23C (3B 1B [BIL ) D (7T} B (8] C (9] A

gy €
PROBLEMS

(gl State the function of the following drawing instrument$ and

ST Ut B

(A} Compass |B] Protractor (C) French curve (D) Divider

(E) Cellotape

(1l Sketch the following drawing mstruments (i} French curve

(1) Tee-sguare (1i1) Adjustable riangle  [set square)

(2] Letter the alphabet in capital letter in 3mm and 6mm characters.

Use wuide lines and keep character width and spacing consistent,

iy Letter the following dimensions in Gmim figures

5 4.7 543 2280
mm and 10mm characters,

,

i

(Z¢)  Letter the figures up o8 in3mm; b

(3] ©On'A’size plain paper draw:
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1) Boarder line
il Title block corner or full-length title block with the following
lormation: Name, School, Tvpe of Drawing, Scale and Date.
(4] Drividle the plain sheet in guestion one above into 4 egual rectangles
el sketch the
following:
Rectangle no 1
a (i)  Horzontal and vertcal hines [5cm long)
lii) Circles of radii 20m and 30mm
Rectangle no 2
I3 Ellipse with major axis 100mm and minor axis 7omm
Rectangle no 3
(v, Skerch the following views using square method, assuming

the squares ta be 10millimetres each,

q oo EI

Rectangular no 4
Sl the blocks whown below n isometric projection on an

sotnet e grid, assuming the lsometric squares to be 1 Omillimeters each.
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Make an oblique sketch of the following blocks using squared method

/ 40

30

0

kN/JF/ 4

& Draw and dimension the objects shown below, check each drawing
Leninst the rules for good dimensioning. Letter the title of each object

close the wlgect, Assume approphate dimensian

j{a

== Pressure re

= .

-
-——
—_—

— .

5o

Flange, Water inlet



3.2 Lesson Two — Geometry

This topic discuss i detail  the technique associated  with geometric
construction. whizn must be thoroughly mastered. The various procedures
this topic are used m solving all drawing problems. The topic covers both the
plane and sohd geometry. It s grouped under 8 modules. Review questions
are presented at the end of each module as self-assessment questions for the
students.

[ hese modules are;

Module 1: points, lines, angles and triangles

Module 2: arcs, circles and tangents.

Module 3 quadrilaterals, polygons and areas of plane figures

Module 4 loci part | (ellipse parabola and hyperbola)

Module 5 loci part 2 (oyeloid, hypocycloid, epicyeloids, involutes and
Archimedean spiral)

Module 6 loci part 3 (Link mechanism and helix)

MModule 7: development

Module B imtersections



HOW TGO STUDY THIS TOPIC
Study each module separately
« Read the module you have chosen thorough guickly to get the main
iden,
Az vou read through the module underline in pencil any word yvou find
clifficarl

Wity (lown the appropriate meaning of the underlined words in your

notebook .

sty dhe module by carefully reading though it step by step.
= 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 medule unless vou have attempted the self-

ssseasment question at the end of the chosen module




Geometrical Construction

Geometry 15 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 1s very important to nearly everyone in techmcal
fields (Enmneers, 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 18 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 tmangles etc

Solid geometry: These are three-dimensional geometry with length breadth and
thickness. Examples are pyramuds, prisms, cubes, cones, sphere, tours, ovoid,

helices, etc.



J. 2.1 Muodule 1-Points, lines, angles and triangles

I'he basic techmques associated with geometric construction must be
thoroughly mastered. The various procedures discussed in tlus module are used
i solving drawing problems in techmical drawing. To be truly proficient n the
lavoul of both simple and complex drawings the drafter must know and fully

understand the many geometric construction used.

OBJECTIVES
Al the end ol this module student should be able to:

¢ Define the followmg: pomts, lines angles and inangles.
*  Represent pomts on drawing

o  Draw different types of lines

* Bisect lines

s  Diraw hines perpendicular to a given hine

o Draw parallel lines




Construct hillvrent vpes of angles and triangles,

HOW TO STUDY THIS MODULE
Read the whole mmodule through quickly to get the main
A [RHES
As vou read tis module, underline in pencil any word you find
chillicvlt and check for the meaning inthe microsoftword.
Studdy the module by carefully reading it through step by step.

- Make sure yvou try and practice the activities on your own,

ACTIVITY 1.0-2: Points and Lines
Points
Vet 15 @ locinion i space v anca deawing and has no width, height or

dhepth A poinil can be sepresented by any of the following:

ot

‘F/ = Paint

.
><_ eviin

N sl s
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(13 A short crossbar on a line
() lntersection ol two lines

Simple dot (+) should not be used to represent a point.
Lines

A line 15 that which has length without breadth. There are
different tvpes of lines: they are as follows:
a) Straight line: A straight line is defined as thle shortest distance
T R BRI b T

Straight line (indelinite length)

| t Straight line with fixed end points (definite length]

by ———— Horizontal line
) ‘ Vorticul ling
/// — Parallel lines: They are lines which
Ly or maintains the same distance apart.
ie) Perpendicular is a straight line,
which forms an angle of 90°
a0° . _ _
to horizontal lines. A perpendicular

i5 a straight line touching a

hortzontal hne at @00

i \_/ Curve line
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(g) //-_-—\ An arc

ACTIVITY 1.1-2: Bisecting Lines
Bisect means to divide into two equal parts.
ACTIVITY 1.1a-2: Fig. 69: To hisect a given straight line (AB) by the

conpass method

Step 1 Step 2
h I ::,F-
Draw the given
line AB.
13
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:Cand D
Step 3 _ .
c Draw a straight line from C o Dt
7T This line is the perpendicular
\ 14 : _—
JL bisector of ine AB

1
Fig. 69: Bisecting a Straight Line

ACTIVITY 1.1b-2: Fig. 70:  To Insect a given arc (EF)

Step 1 Step 2 Step 3



<\

ACTIVITY 1.1le-2: Fig. T1: To hisect a line by the triangle and T-sgquare

AT RTETA

Step 1 Step 2

B G— Bisector

Iarw e given line AB L

Step 3 "’\.\
¢

Using 459 or 60U set square draw lir

AC and BC at 45%r 600 (depending

\ / B the set square used).
i)
A lne CD drawn perpendicular w

line AB is the besector of line AE.



ACTIVITY 1.2-2: Fig. 72: To construct a perpendicular at the end of a

glvien line,

Step 1 Step 2 Step 3
[ F .
P F & A | : 8
Livaw the piven With thinn  Line, o
line EF extend  line EF

outwards from F

Step IV
|

X

X3

Using G and H as centers,

strike, arc arcs with equal
raclii greater than hall~ the

eteth of OH o intersect at i

Using center F and any
convenient radius draw the

semi-circle GH

Step V

A line drawn through the
intersection of the arcs to
point 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.
Step 1 C “tep 2 n

A _T. I3 - !l:// —&

i the given hine AB and

mark the given point say O. Using O as center and any convenient
radius draw semicircle CD.

Step 4

Step 3
i

la¢

L 1} c n
- - \_LJ// B

Draw a line through the

Using C and D as centers,
and any convenient radius intersections of the ares to

point “0" to give the required

il TIER] I'IL-I.II'I'.II.IE.;IIIEI i
I

strike arcs to intersectat perpendicular.

;]H!ul‘.ll. LILALS G vioe WL LS.
Fig.73a = To draw a perpendicular to a given line

‘F'.ct.j.\rit.'_-.r 1.4

fram a point 'P' putside the given line.

Given: Line AH

" Step 2 +P

!

: Py "

Piroow 1he given line AB and

Step 1 =+

A

aeitte point P outside the given line
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With P as the centre, draw an arc with radius

# Jong enough o mtersect line AB 1w

locate points Cand D

L
Step 3 /
Tc\ T
s J =l
S,
|
1
With © and D us centres. and radius Ry greater than half of CD draw

ersceting ares to logate point (. A line drawn through points Pand O

< e perpendicular hine:

ACTIVITY 1.5-2: Fig. 741 To draw a line parallel 10 @ given line EF

Hombely 51 i T
L) I
Step 1 :
LL
K —F

j-————— F E H G F
Vi Lhe given line EF and : :

- With point o as the center and any convenien
pcate the point O, wresa iy : :
e i pais tadius R draw an arc cutting line EF 1o locat

point G, (With pent G as the center and th

previous radius H1]+
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Step 3.

With G as the center and radius Ry egual to chord OH draw an arc to

loacetle pormt i,

Draw a line through points O and i to give the required parallel line to

ACTIVITY 1.6-2: Fig. 75: To draw a parallel line to a given line

AR ar a distance [rom AB.

Step 1 Step 2
4 i
: B [ —
o the  @mven | = v +4
Hine AR Mark pomts 1 = 4 at any

convenient distances on line
AB with points land 4 very

close to the ends

13E

With centers 1,23, 4,
and a radius equal to
the distance away from
the required parallel

line draw BTCS.



Step 4

Draw a line (CD) tangential o

| | | | the arcs to give the reguired

parallel line

ACTIVITY 1.6a-2: Fig. 75: To draw a line parallel to a given curved

Livies il @ given distance
Step 1 Step 2
I s s I/'A
/\_/ f“_“
il B

i the grvencurve Al 4
Wwith a radius equal to the distance
away of the required parallel curve

place the peint of the compass on the

piven line and draw series of heht ares

Step 3

[ _
Using a French curve, draw a

I lineg CD tangential 10 the arcs
/X/ e give the reguired parallel
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Cunve.

NOTE: Parullel lines can also e drawn using the two triangles or a

|finele with T-square (see board practice].

ACTIVITY 1.7-2: Fig. 76: To divide a line (EF) into a given number of
(ALY FREER N -

Step 1 Step 2.

. " R

T

17

Draw the given line EF .

Draw line EG at any

Convenient angle to EF.

Step 3 Step 4
: E
T
‘m;\
4
;} ]
Witl o dhivider lay off the number ol Join the last point
the required divisions above EG. on line EGleF

These mav be of any convenient

lengrh but egual
138



Step 5

Fig. 76

with thc aid of your setsgualt. Draw lines parallel to the

st line (rem the other numbers. These will divide EF

into the required number.

ANGLES AND TRIANGLES

ar are inclined w each

SOTIVITY 1.8-2:

Aiy sl s formed whoen B lines mmiersect

by, The commmuon symbols for angles and angular COnSLrUCOnS are;

= Anule (singular), <3 [plural), & = trisngele

_jl = Perpendicular.

Monalos are measred 1 GeErees; minutes and speonds.

Thele are 360Y n a complete circle, A degree 15 divided inta 60

minutes (607 and a minute s divided into 60 seconds (607).

o bt ks adone are imelicited, the number should be preceded

LR E R
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ACTIVITY 1.9-2: TYPES OF ANGLES

The different types of angles are illustrated in fig. 77 a-g below

*‘H‘\‘* Wiuare than
Gy GO
ess than
7 \
A Acule Angle |B] Right Angle {C] Obtuse Angle

|E} Supplementary angles
PR L + B = 180°
|8

i
| 4 i

(F)  Straight angle (G] Complete cirele

(L) Comphimoentiry

nngles (A + B = 90"

Fig. Y74 - ¢
CONSTRUCTION OF ANGLES
ACTIVITY 1.10-2: Fig. 78: To construct an angle of 60° at a point O on
line AB.

Given: Line AB:
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Step 1 Step 2 Step 3

|3
T H
. — I \ — £
iy € ol (l ;
i
Draw line AR and Llsing center O and )
_ _ With center C and the
mark paint O on any conventent radius :
_ same radius draw-an arc
NETERITITE cheaow ay we Lo toueh _ -
to intersect the first arc
AB at C
atc [
I3
Priaw @ hne from O
through D. <= DOB is
\ ' y L3 the required 60% angle .
Ll

Fig. 78

ACTIVITY 1.11-2: fig. 79: To construct an angle of 90V 4t point on line
B say point A

Step 1 Step 2

X B

! 4

Braw b opve line AB Extend @ construction line
gutwards from A
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Step 3

With center A and any
convernient radius draw

no=emicirele D

With centers C and Dt and any convenient
radius greater than half-length CD draw
arcs to intersect at E. Draw a line from
pomt A through the mtersection of the

arcs, < EAB is the required angle.

co TIVITY 1.12:32 Bisecting Angles

ACTIVITY 1.120-2: To bisect an angle

Step 1
t\-'l
\ 3
Oraw i uven angle =CAB
Step 3

Step 2

A B

‘|

With point A as the center and any
convenient radius, draw an arc to

intersect with AC and AB at D _and E
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[3 With D and E as certres and any radius greater than

F hulfl of arc DE, draw arcs 1o intersect, locating point F
H
- Liggew' o line from point A through F to bisect < CAB.
I
Angles 45° 300, 153% can be constructed by isecting
Fig. 80
angles 900, 607 and 30Y respectively,
ACTIVITY 1.13-2: TRIANGLES

-A triagnle is a plane with three straight sides and three angles. Fig. 81
e =ui of the interier angles in a tnangle is equal to 1804

e ADEN

Adtitude or
— height

—

y Hase line

Fig. 81: A triangle
ACTIVITY 1.14-2: TYPES OF TRIANGLES

Pranteles are wemtified by their lengths of sides or angle sizes

Crianeles wdentified la their lengths of sides. Fig8a- ¢
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A

() AADNORINE Angs {hy  Scalene triangle ic} Equilateral triangle
Two sides equal two

Mo sides or angles equal All sides. All angles equal

angles equal and the
wise o dttles Tarm o b
e b egual side, are

vipuanl Triangles Identified by their angle sizes Fig 83 a - c.
— Hypotenuse

{

(Cl

i ()

Fig. 83 a-c

- i i - I ]
Acute-angled triangle Right-angled triangle Obtuse angled triangle

snch angle  les (ne 90 angle, The side
each angle less than 1 g One Angle greater ikan

L 3] e ' rhen B I:_| 9]
) directly opposite the 90 500
ANENC 15 -.';||,=1."|:"i ke

[ it

ACTIVITY 1.15-2: CONSTRUCTING TRIANGLES
ACTIVITY 1.15a-2: Fig. 84: To construct a traingle ABC when given
PLp Jerpeeet s ol b lae 1 e sales,

Let ivnevhs of sides AB = S50mm, AC = 41mm and BC = 35mm
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Step 1

Drraw the longest

sicde AB = S50mm

Step 4

e 8

Swing an arc R from

point A whose radius

is equal 1o AC = 41

i1

I

swing another are R: from peint
B whose radius is equal to BC to
intersect the arc swing from point

A at point C

4

Fig. 84

Lonnect A o © and B 1o C w complete the trniangle

ACTIVITY 1.15b-2: Fig. 85: To construct a triangle ABC with two

dngles wnd ncluded side length given:

T ICREL

145
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Step 1 Step 2

3

Brraw the given hine
Construct the bwo

imgles Aand B at
npposite ends of

lirer AR

Step 3

Extend the sides of
angles A and B to
ntersect at point C.

A ABL 15 the

required triangle,

ACTIVITY 1.15¢-2: Fig. 86: To construct a tmangle ABC when two

siele lengths and the included angle are given:

Ciiverr: AB = 0Tmm, AC =47, £ A = a0v

Step 1 Step 2
5t
ep 3 /
/
i
Y I4 .-"'r
/‘ '
e A
Draw the given side
AB Construct the

WIveEn angle at

point A

146

B

nil”

Lay off the other
side AC ar this

angle



Step 4

Join the end points of two given lines

to form the required triangle.

ACTIVITY 1,15d-2: Fig. 87: Toconstruct i rizhit sngled rnngle when
given the length of the hypotenuse and one other side, Let say AB

(hypotenuse) = 55mm, AC = 40mm

Step 1 Step 2

i

PR Tlyge BV

A

bivpditenuse AB

Lrraw o semicirele with . _
With a campass, scribe

radius  [Ry] equal to
arc AC equal to the

hall the length of the ) ,
length of the other given

hypotenuse AB
side Rz from point A
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/* "
. /

Hyputonuse
Jain A to €, and B to C. The triangle

o
H\H&
s
L

EE

ABC is the required trangle.

Fig. BT: Construction of Right Angled Triangle

SELF-ASSESSMENT QUESTIONS
I The folliwing can be used 1o represent a point except

\ oSl cross

j}CC

Sl cross e on a line

£ >< Intersection of two lines
[ - Clan
1

The shortest distance between two points is called
A siraight line B curved lines C parallel line
i A [aene

Pl sl formsed by o perpendicular line is
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fi L £} 200 O afgs D 4a"
Whant kel of trimngles has one right angle (90°)7

Vo mosevles triangle B sculene triangle € acute angle triangle

D rght-angled wiangle

5 WL i sl grearer than 90° but less than 1807 colled?
A aeute angle B right angle € obtuse angle
3 complimentary angle
' Wit is the name given toa triangle with all three sides of equal
length i isosceles Lrngles B equilateral triangles
L acute angle trangles [ obruse triangles
Answers
(1) D 2}A (31C D (3) € (6} B.
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LESSON TWO
MODULE 2
ARCS, CIRLES AND TANGENTS
The wawgor areas covered n this module are; circles, arcs and
tangents, Circles and arcs are geometric objects constructed with curved
Hoees wehile tagent isa e or cumve that aanches the surfoce of an arc or

by s W

' OBJECTIVES
P4 chas ened ol this madole seodent shoukd be able w
O R TR T o [ S [ T EN TR PR LT 1 B
‘ldentity the various parts ol a circle
Draw arcs and circles
Praw limes tangent Lo a circle

Thraw dan nscribe circle to a given tnangle

b paysne rabas peegpedes toe pe paven FRRIATO T

HOW TO STUDY THIS MODULE

Nou shouldd betors vou reiel through this module study module |
o Read though this madule onee, when vou find o word whose
nrenning is not known o vou ey and leok up such waord in the

dictionary
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Study this module step by step just as they have been arranged
I vl You must answer the sell-assesament guesuon 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 Are: lsany part ol the circumierence.
A diametar: [s he distance neross a circle passing through the centre.
Radius: Is & straight line ¢rawn from the center to the corocumierence
af i eireleand is % the diameter,
A Chord: A chord 15 a straight line drawn across the circle, touching
the circumlierence at both ends.
A Segment:ls part of a circle bounded by a chord and an arc.
A Secrtor: s purt of & circle bounded by an arc and two radil.
A Quadrant: |s part of a circle bounded by two radii at right angle to

Vial o eirele.

[ Segimw /%_ | vt
-\ Fig. 88 \\—/ |
- o e

ey e st pooy g s

Arc

Cuadrant T Circumierence

Seclon
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Concentric circles

Eccentric circles
A concentric circles have the

Eccentric circles have
same center but different

‘s different centers
radii.

Fig. 89

ACTIVITY 2.2-2: CONSTRUCTING CIRCLES

ACTIVITY 2.2a-2: fig. 90¢ To construct a circle through three given

poimt= A, B and C

Step 1 Step 2 Step 3

X

Bisect each line

%
"

- - TEd,
: /

i
Braw lines berween the
Given points

thiree POtnis as shown.
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Step 4

! I, o\ | Theeenter O, where the twa

| 4 3 LU
A / bisecting lines met is the center
%

| ;‘
s 7
\ lﬁﬁ; ®
& g
H""q_ _,-//

——

ACTIVITY 2.2b-2:fig. 91: Tu locate the center of a given cirele or arc
Step 1

Circle Arc
£
B

e veo chords AR and BC

Step 2

Circle Arc

Consteuet the perpendicular bisector of each chard. The point of

e tseet oy 0" of the bisectors s the center of the circle or arc.
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ACTIVITY 2.3-2: Fig. 92: To nsenibe a square in a given circle

Ste ; ;
pl C §
B A f
|3 b
Draw the given circle Pt
Jain the points A, B, C, and D with
Sl s e e ters 3
stralght lines w complete the sguare

v aned CB
ACTIVITY 2.4-2:, Fig.93: To inscribe a circle in a given triangle

ABC.

Step 1

i
b tf ¢ -5&.

Draw the given tniangle Bigept any two

angles and
produce  the |nsectors 1o

mtersect at O
Step 3

Draw a perpendicular (OD) to
any of the sides from point Q.

With center O and radius

0D, draw the required circle.



ACTIVITY 2.5-2: Tu draw the circumscribing circle of a given triangle

ABC Fig. 94

Step 1 Step 2
[
F]
0
¢
L
thie wven  riangle i
ABC Bisect any twa of the sides and produce

the higsectors 1o intersect at O

Step 3
With center O and radius OA or OB or
DC draw the circle o pass through the
three points A, B and C.

ACTIVITY 2.6-2: Fig. 95: To construct a circle within a given square

ABCD
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Step 1 Step 2

/\ 0
A 0

Braw the diagonals AC and

A B
LY o locate center ol the I

Draw’ a- perpendicular
A [N H - =

(OE}] bisector . any

side ol the square
Step 3

With center O and radius QE

draw the required circle,

ACTIVITY 2.7-2: TANGENTS

DEFINITION

A tangent 1s a line or curve that touches the surface of an arc or
criele ul pnly one point.
ACTIVITY 2.7a-2: PRINCIPLES OF TANGENCY

Fhere are three principles of tangency:

4 The hirst principle is joining an are with a straight line,
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L] The second principle 1s JOIIE TWO arcs externally
(ilij  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 is drawn to enable the arc 1o

e clrawn perfectly thereby ensuring accuracy,

ACTIVITY 2.8-2: Fig. 96; To construct a Tangent to a given circle or

arc at a givenm point

Step 1 Step 2
] l:l
i ':]‘ P -|:| F
vorrre crrele or pre owath Extend the line OF outwards

vivenn venter O, Indicate

the given point P

With P oss center and radas OF draw

At s e et e extended e at A
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;4
;"“Fl. -
ol | @ P—-A
i
g A ¢ A

Hisect OA, the bisector BC is the

required tangent tangent

—-— APPLICATION

ACTIVITY 2.9-2: Fig. 97 To draw a tangent 1o 4 circle from a point

on tisede the cerele

1586



Step 1

|
Draw the given circle with center

O it e the given poant P

autsde the cucle

Step 3

carche.

ACTIVITY 2.10-2

Step 2

@

Draw line OF and bisect it to locate
point A, Draw a circle with center
=A" and radiug AO = AP to locate

tangent points Ty and Tz

Draw PTi and PT..

p These lines are tangent (o the

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.

Step 1 Step 2
I

Step 3
ML i

0



Braw the two With given radius R again

[ : With given radius R, strike _ _
lines at right T,

. P arcs intersecting the given _
angletn S CEnters strike

lines to locate the tangency :
R intersecting at C

points (T) OT =R

e

With C ascenter and the given I

rachivs B, deaw the required tangent APPLICATION

I o

ACTIVITY 2.10b-2  Fig. 99 o construct arc tangenl o Wo given

parallel lines

Step 2
Step 1 :
A B A t\
- I F
L 1 ; “,“ Fauul
8]

Draw the two parallel lines AB and _ _ ~ o .
Draw line EF cquidistant between

L'
AB and CD
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Step 3

|l‘| / |I't
=

‘ I N

Ll [1n1ee SR s ceptre pali [ riiclivis

eijual w the distance from line AB

or CD to line EF and draw the x -
APPLICATION
arc
ACTIVITY 2.10c-2 Fig. 100: To construct an are of a given radius

[ ad taneent to two given non-paralie] lines at Acute or abtuse angles.

Step 1 Step 2 I_ 12
E .j. B
13 ]
: / &_ Papalled
. lines
| b
— R
i
o i
C Lk
| |
| I
c? % I

{ 1Pt sy _
At a distance of R, construct lines

e Lhe two lines to form Lhe angles : I
parallel to the given hines.

161



Step 3

@I

APPLICATION
With the intersection of the two parallel lines

) asd venter and with given radius draw the
rerjbired wingent are between the points ol

Langency

ACTIVITY 2.11-2: JOINING TWO ARCS EXTERNALLY
|an arc tangent to two radii)
ACTIVITY 2.11a-2: Fig. 101: To draw an arc tangent to two circles
sty
Givess  Radi of the two circles B and r. Radius of the arc Ry, Destance

between circle centers.
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Step 1

O O

(3w the twa cireles of radius B and ¢

respeciively

Step 2

B L centers L and P ol the circles draw arcs of radn R =

R and ¢+ & respectively to intersect at a point G
F §

Set the compass at the given radius Ri and
frm center € drow the required are to touch
thie two cireles ol tangent points (T). Repeat the

steps Lo obtaimn the second arc il necessary,



ACTIVITY 2.12-2: JOINING TWO ARCS INTERNALLY
ACTIVITY 2.124-2: Fig. 102: To draw an arc Tangent to two circles
e rnally
Given: RFaucdii of the two circles R and ¢
Radius ol the arc B
Distance between ¢circle centers

S!’iep 1 |
|

[ Nstznee belween ,

(O ] {5 . 8 |

=

.

Dirse the given cieeles of Radi Reand rorespectively.

Step 2 Step 3
s :
o
A PR A
= > CoE TR
. , = ' i VI
5 - i

: ) v The puint ol intersection ol
Fov feod the evniterofl thic o ™G

the two arcs point *C" is the
draw arec ol radit R - Rand By =r

) center for the given arc Ki.
fromt the circle centers A and B X

: Faor the second arc, repeat
respecive|y

the steps illusirated above.
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ACTIVITY 2.13-2: Fig. 103: To drow on Ogee curve connecling two

parallel lines.

Given: Line €D and EF, and radius

Step 1
F
.
¢
cobwas given parallel
e Wl snd B Draw DE and determine the
inflection point T {at mid point if
Atep
equal arcs are desired).
I
APPLICATION
3 il E erect perpendicular: and Draw perpendicular

Lbisectars of DT and ET. The intersections G and H of these bisectors

and the perpendiculars, respectively, are the centers of the reguired

-
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SELF ASSESSMENT QUESTION

1 what 5 an arc?

A is a line drawn from the centre of the circle to the circumierence.

%

L

[

is the distance nerass o circle passing though' the centre
1= oariy part el the circumlerence of a circle

it is the diameter of the circle

A pirele is defined as a plane ligure bounded by i

LT T e it e rene 3 Seenght hine C Parallel line
[ Perpendicular line
The following are part of a circle except
A chord B radius Carg D polyvgon
The cirele that have 1he same centre but different radins s called
A concentrie circle B eccentric circles: € tangential circles
D guadrant circles
st e dose 1o loeiie the ééntre ol an inseribe circle
o given transle A bisect one angle only B bisect one side only

¢ bisect any two sides D bisect any two angles

& What is the name of the polnt at which a line touches an arc or a

circle? A gquadrilateral B polvgon C tangent D triangle

Answer

Ui B3 D(4)A (S Db D
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3.2.3 Module 3 — Quadrilaterals, polygons and areas of plane ﬁgu_res
Ihe major topics covered in this module include Quadnilaterals, polygons
and Areas of plane ligures. Quadrilaterals and polygons are geomeiric

objects enclosed with straight lines

OBJECTIVES
At the end of this module student should be able to:
¢ Define quadnlaterals
s Define polygons
¢ List the different types of quadrilaterals and polygons
e Construct/draw different types of quadnilaterals
o Construct/draw different types of polygons
s [raw figure equal in area to a given figure

» Enlarge or reduce plane figures in a given ratio
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HOW 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 aranged.

*  Attempt all the self- assessment questions given at the end of the module.

* Do net 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 Agures with four sides and

four interior angels

Square

Has four equal sides. All its four angels are night angles

(oo™,

Rectangle
Has its opposite sides equal, and all its four angles are nght

angles (90").

Rhombus

Has all sides equal  lts angles are not at right angles.




Rhomboid
I s appeisite sides copnl

® Parallelogram
/ Opposite sides egual, Nsangles not ot deht angles
) E
Trapezium
|
h Fiis bwo opposite sides parllel
[

- s S

Trapezoid
I haas toar unegual sides and angles
it
Deltoid or kite
lts acdjoecent panrs ol sides are equal.
1

ACTIVITY. 3.1-2: Fig. 105: Tra ComEteuet o Squpre. wlwnogiven the

length of the side.
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Step 1 Step 2

W
past

Drow Tine AB coLinl

ben bt femaenn by el o1 e

VLT Sl

Construct a perpendicular to line AB at point A (see activity 4

taockithe 4], S the compass lor the given length and mark ofl

this length on the perpendicular line to give point E,

Step 3

From points E and B, using the same

| =" compass length AR, oy ofl intersecting

Xt

. arcs BF nnd EF, ARBEF is the required

AL,

'}"wn L

ACTIVITY 3.2-2 Fig. 106: To consrruct & reclangle given the length of
the two sides AB and AC.
Step 1 L4 ‘ Draw one of the given line AB. Construct

] a perpendicular at point A and mark afl
1
§

Pl et bacer esriei I AL

" " I
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Step 2

¢ - F With center C and radius AB strike an

arc., With center B and radius AC strike

another arc to intersect the other arc

locating point F. Join Cto Fand B wo F.

b Wﬁ ’
ABCF is the reguired rectangle.

ACTIVITY 3.3-2: Fig. 107:  To construct a parallelogram given the
length ol the two sides and one angle.

Step 1 Step 2

4 13

Divanw wpe al the given sides AB

A t

Construct the given angle BAE

Step 3 Step 4
i =
L T
L L b
X
£
*. H A 3
Wortly center A and radius With center C and radius AB strike an arc.
vl Pl ot e sice draw dn With center B and raclius AC strike another
e L cut AEar C arc to intersect the former arc a2t D
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Step 5

c L Join Cto D and B o D

to obtain the reguired

parallelogram.

Wil

ACTIVITY 3.4-2: Fig. 108: o construct a Rectangle given the length

Pac alpigsbinio] wndd one sicle

Step 1 Step 2

|3

Draw & etrcle equal in - _
With centers A and B inoturn and a

Lrtmes 10 this: piven

radius ¢qual to the given side, strike an
gzl ;
arc to cut the circumference at C and D

respectively

Step 3

Join the points A, B, C and D to complete the

reguired triangle
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ACTIVITY 3.5-2: Fig. 109: To construct a Rhombus when given the

length of the diagonal and side.

C
Step 1
A &)
2raw the given A B
chigonal AB
|
I

With radius of the given side and centers A and B in
turn draw arcs above and below line AB to intersect at

C and D respectively. ABCD 1s 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 / Step 2
|- 5 §]

) =

—

A B

: Using the distance between the parallel
Braw one of the given parallels

, lines strike arcs for the second parallel
AB- and construct the given

line. Draw the second parallel line to
ungle BAE : e - g
'1" touch the projected line from A, Join

BOD to complete the required trapezium.
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ACTIVITY 3.7-2: POLYGONS
INTRODUCTION
Polvgons are plane figures with more than four (4) sides.
A polveon may be a regular or irregular polvgon
regular polygons; are polygons having equal sides and angles

lrregular polvgons, are polygons with unequal sides and angles.

ACTIVITY 3.8-2: TYPES OF POLYGONS
Pentagon paolygon 5 sides

Hexagon polygon & sides

Heplagon polygon I sices

Uctagon polygon 8 sides

Nonagen polveon 9 sides

Viestigon palyvoen 1O sicles

ladecngon polygon 12 sides

Regular polygon

lrregular polygon
ACTIVITY 3.9-2: POLYGON CONSTRUCTION
ACTIVITY 3.9a-2: Fig. 111 To draw a pentagon polygon in a given

cie using the prolractor
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A regular pentagon is made up of live isosceles triangles, each of the
vertical angles being 729,

Step 1 Step 2

[\

36"

From the center of the circle,

_ With the aid of the T-sgquare,
measure 36° with your

_ draw a line from this point B
protractor and produce this

. . te cut the other side of the
line w weuch thecirele at B

circle. This will produce one

side of the pentagon.

Step 3

With the compass and radius AB,
mark off the remaining sides on the
circle, and join them to produce the

reguired pentagon,

ACTIVITY 3.9b-2: Fig., 112: To draw a regular hexagon given the

thisanee acrass [lats.
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Step 1 Step 2

HA =ASF OF
) HEX
[
Draw o eircle having a
thismeter: equal  to the
sk ivene diervss Mhile. Draw tangents to the aircle with a 60¢

Setsquare to produce the hexagon.

ACTIVITY 3.9¢-2: Fig. 113: To draw a regular hexagon given the
fdistanes aeross corners.

Step 1 Step 2

—

| : ’
Draw & ecircle having &

diameter ¢qual to the distance : _
From a pomnt A on the circumference

HCrOSS COrmers, ; ;
of the circle step off the radius round
it to give =ix equally spaced points

(A, B, C, D, E and F]. 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 fats (A/F).

Step 1 Step 2

Draw a circle with & diameter

equal to the given distance ; :
Draw tangents to the circle with

45% ser square to produce the

required octagon.

Py edeaw o regular octagan given the distance across corners,

Step 1 Step 2

IJ].ﬂ"..-DIF-'iI' AIC

[

s A cirale with diameter
vepiidl o the given distince ) ) )
Draw vertical and horizontal
ACTOSS COrmMers, ; : s :
diameters of this circle. Bisect the
angles to obtain 45" each and
produce the hisectors to touch the

circumference of the circle,



Join these points where the lines

ovches the crcumferenced o

produce the required octagon.

ACTIVITY 3.9e-2: Fig. 115: To draw any regular polygon given the

length of the side (AB} using square method

Step 1 Step 2
A
E
. &
13
A *, B

Draw the given length Bisect AB. Draw a diagonal on the square to

AR and  conmsieuct A cut the bisector of AB at 4. With A and B in

square on ik turn and radius AB. Draw arcs to intersect

at b.
10
Step 3 S
™ H
1 Bisect 4-6 to obtain point 5. Take the distance
.F-F""J'_ 2
4-5 and step it off from point 6 to obtain 7, 8, 9,
/ . *,
r + \ 10 ete as the circle centres [or circumscribing
ol \ :
circles of the regular polvgons.

A % n
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Step 4

I-..l""|

R=A-3

To draw any polygon, set the compass on the

number corresponding to the number of sides
ol the polygon and extend it to A and draw the

circumscribing circle. Step AB round the

number of sides and join the points.

ACTIVITY 3.9f-2: Fig. 116a: Two triangles method

Step 1

Draw the given side AB, Construct two triangles
with base angles 45" and 60V respectively. Mark
points 4 and 6 where these triangles touches the

perpendicular bisector of AB

b
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Bisect the space between 4 and 6 to locate

point 5. The points 4, 5 and & are the centers

for circumscribing circle of regular polygons
with four, five and six sides of length AB, For
anyv other polvgon step off the distance 4 -5 to

obtain the circumseribing center. To draw any

polvgon follow step 4 in method | (square

method) above.

ACTIVITY 3.9g-2: Fig. 116b: To construct any polvgoen in a given circle
Given: Duuneter of the circle
Procedure
- Draw the given circle
- Divide the diameter AB into the same number of equal parts as the
required polvgon has side:
- With centres A and B in turn and radius AB draw arcs to intersent at P.
Druw a line [rom P through 2 w touch the circle at C.
Juint AC to give one side of the polygon
- Step AC round the circle to obtain the other

sides of the palvgon.
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3456 7 8.9

ACTIVITY 3.10-2: AREAS OF FIGURES
ACTIVITY 3.10a-2: Fig. 117: To draw a square double the area of a
given square ABCD

Step 1 Step 2

C [ C |3

Praw the given square

With radius BD and center
il extel the base

3 ; B draw an arc DY. Bisect
AB 1o the right.

angle DBY.
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Step 3

i I

@)

(f
SR 0
B

‘The intersection at O is the

capnter of @ vcirele, which
conteins the square. Draw the

circlewith center O and raclius

0o.

I ;’
F

L

¥
B~~~ G
Draw through DB wo touch the
circle at E. BE is ane side of the

required square. Complete the

square BEFG,

ACTIVITY 3.10b-2: Fig. 118: To draw a square hall the size of a given

sguare ABCD.

Step 1
L I3
L LD
'
g £}
L8l
P thee given  sguare  and

cxiend the base lime AB w the
right and produce the diagonals

1o meerat O

s 2
tep .

A £

; § B
With B as center and radius BO draw an arc
touching BD at E and AB extended at G. Line

BE and BG are two sides of the sguare.

Complete the square. BEFG,
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ACTIVITY 3.10¢-2: Fig. 119: To draw a triangle equal i area to a
given parallelogram.

Step 1 Step 2

C D

A B
A B

Draw the given parallelogram

_ Extend the base line AB. Draw
ABCD and jmn Bto €

DE parallel to BC from D

Step 3

Join E to C. EBC is the

required tnangile,

i £ It

ACTIVITY 3.10d-2: Fig. 120: To draw a triangle equal in area (o any

regilior polvgon,
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Chraw the regular polygon and
draw the diagonal to intersect

at the center Q. in  this

vRiimple 00 ocEgun 15 arawn

Step 3

i

Step 2

D

Draw AB equal in lengtn to length of side
X number of sides eg if the length of

gide is 15mim, AB is egual to 15 x 8

[oetagon polvgon) = 120mim.

Join O to Aand O to B. ABO is the

required triangle

B

ACTIVITY 3.10e-2: Fig. 121: To draw a rectangle equal in area to a

diven riangie.
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Step 1 Step 2

A A
0 B D B

Draw the given 1riangfn: and

, Bisect CD to give point E,
draw a perpendicular to AB from

C to give point O.
"
Draw & parallel line to AB through E. Draw

(i
L perpendiculars at A and B to touch the parallel line-

to-line AB at F and G. ABGF is the. required

rectangle,

I
ACTIVITY 3.101-2: Fig. 122: To draw a square equal in area to a given

rectangle.
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Step 1
L I3
A B
Draw the given
AR
Step 3

rectangle

5

o

Step 2

A e
B

Extend line AB to the right and
draw an arc with radius BD w

touch AB extended at E.

Draw a semicirele on AE, Extend BD 1o
rouch the semicircle at F. BF 15 a side of
the square. Mark G on AB equal to BF

with radius BF and centres G and F in

turn draw ares Lo tersecl at H, Juoin H

to G and H to F to obtain the require

‘/

i3

square BFGH.

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 ligure. In this exercise a rectangle 1s given.
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(&) Enlargement

Step'1 Extended

With radius equal to the length ol the

required rectangle locate points E and F

Disgonal :+
L |3
Full size
L~
.'"l. B |‘!'|,
Draw the given rectangle
VLD ancl extend the
chingonal ’ : j
on lines AB and AC respectively.
Step 3
|T
Gi
1" o
_—Enlarged size
& £} -

e points Boand F draw paratlel hines to ines BD and CD to

IENTREL L

enlarged triangle.

uit the extended diagonal at point G, AEFG is the

187
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ACTIVITY 3.11b-2: 124 REDUCTION
STEP 1

To reduce the size proportionately the vertical and honzontal lines

e locited on the unextended dingonal as show below: Fig, 124

Step 1 9 Step 2 0
C D
F
i
A F
| k3
[ }
Fig., 124

— L oowestended diagonl
STEP 2
Mark the points for the reduced rectangle on lines AB and AC,

which are E and F respectively. From these points E and F draw
paraliel lines to lines AB and AC to locate on the diagonal at

point 4). Rectangle AEFO is the reduced rectangie,

ACTIVITY 3.11c-2: Fig. 125: to reduce a plane figure to a similar
figure in a given ratio,

Chiven:  Ancirregular hexagon polygon to be reduced in the ratio 3:2.

PROCEDURE
Draw the given irregular hexagon polygon ABCDEF with AB as
SHET

Precew Tine BG al any convernent angle.
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[3ivide line BG into the number of parts corresponding with the
laruest number of the given ratio (3).

Drop verticals afrom these points 1o the extended line from the
base line. Point 3 to locate H and point 2 to locate L,

Bisect AH to give point j and draw a semicircle of radius HJ from

[poant J.

Fisect Al to give point k and draw a semicircle of radius ki from
et K

Praw o vertieal line from B to touch the semicircles at L and M.
Join M to A

Diaw a line parallel to line AM from point L to touch line AB at “a".

Draw af parallel to AF, fe parallel to FE, etc.

The shaded portion “BafedC” is the reduced hexagon paolygon.
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L
\ ",
\ /

-:M Fig. 125 : Reduction of &

I pl&ﬁﬂ figure.
i

S N

ACTIVITY 3.12-2: Fig. 126 : To enlarge a plane figure to & similar

figure in @ given area rauoe.

Given: An irregular hexagon polygen 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 BG .
* Divide line BG into the number of parts corresponding with the

largest number of the given ration (3).

Dieop verticnls from these pointsta the extended line from the hase

line. Point 3 to locate H and point 2 1o locate i.
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Hiseet AH at J and draw a semicircle of radius HJ from point J.
Bisect ALat k and draw a semicircle of radius ki from point k.

Draw a vertical line from B to touch the semicircles at L and M.
Draw a line parallel to line AL to touch the base line at 'a”

Extend the diagonals BF, BE, BD and BC to give Bl, Be, Bd and Bc
Draw af parallel to AF, fe parallel to FE, ete. to touch the diagonals
respectively.

The shaded portion Balede 1s the enlarged polygon

b

W

S
L w\ /7”’

—__|I

=

"-\-\_\_\_\_\_\_

Fig 126 : Enlargement of
8 plane figure.

M
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SELF ASSESSMENT QUESTIONS.
| What name is given to a plane figure with four sides and {our
interior angles? A involutes B triangles

3- guadrilaterals D helix

1D

what is the name given to a plane figure with four equal sides
it rectingle B sguare L kite D anvoldtes
3 A hexagon has how many sides.
A Ssides B D sides C 7sides D Bsides
| A 457 st sunre i used oo deaw _ poivEnn
A nonagon B octagon C heptagon D hexagon

What name is given to polygons with all sides of equal length

-_.'.,JI

A lrrecular polveon B unequal polveon

€ uneven polygen D regular polvgon
5. The following are polygons except

lesimon B pentagab O involutes D petagon
Use the figure below [or guesuuns 7 and & The ligure shows a regular

pentagon on a triangles OPQ. The base of the triangle is 5 times the

sicle of the pentagon

N

: 24 = L
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Wit s the relationship between the arcas of APOG and the

pentagon RSTUVY
A the two ligure are equal in area

I3 the triangle is 5 times the area of the pentagon

the pentagon is 5 times the area of the triangle

B the triangle is 5ol the area of the pentagon
5 Wit kingd ol trangle s AUPQ
A acute angled B rightangled  C Isosceles D Scalene

4. Use the figure below for question @ and 10
< WXY = 72% and <« WXZ = 31°

¥

W p.2

=
i Caleulate ZWEX. A L1 B 144" C 175 I 178
10 What is the name of the quadrilateral?
A square B rhombus € parallelogram D kite

Answers

LG 2] B3 Be) B(5) D 6] C(TIABIEE) A 0] D
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3.2.4 Module 4 - Loci part 1: ellipse, parabola and hyperbola

Covered in this module are the vanous comc 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) 1s the path traced by a poimt which is

governed by certain laws or rules.

OBJECTIVES
Al the end of this modules students should be able 1o

o Define 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 thegueh the module onee noting the main idea
» Study the module step by step as it has been arranged for vou
"Practice the drawing in the examples.
=Practice the drawing in the example.
¢ Do the sell- assessment question at the end of the module.
Do onot Jook at the answer belore answering the guestorgat the end of

e o ule

ACTIVITY 4.0-2: CONIC SECTIONS: Conic sections are shapes
produced when a plane intersects a right circular cone.  Five types of
shapes are produced These shapes are circle, cllipse, parabola
by el s trmnaghe

The Lype of shape produced depends on the position of the cutting

e, These wre illustrated in the hgure below:

/
/. PARABOLA

1 1ONVILL

Fig. 127: Conic
Sections

.'/IIH'I IR A

—— r_|70-..-




ACTIVITY 4.0a-2: Cirele: A circle is produced when the plane is
At rmli angle e axes and cas all the element on one side of the apex

hg. 128

|
[ Fiw. 128 Circle section
|
|

ACTIVITY 4.0b-2: Ellipse: This curve resulls when a plane

passes through the cone inclined to the axis. Fig. 120

\ - Fin, 129, Ellipse section

ACTIVITY 4.0c-2: Parabola: Thus curve is produced when the cutting

plane passes through the cone parallel to one element. Fig. 130
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BN/ -

. T_

'__..H"| k

Fig. 130 Parabala section,

ACTIVITY 4.0d-2, Fig. 131 : Hyperbola section occurs when & plane
passes through the cone parallel with the axis of the cone.

f : ix
."Jr : | "‘ ||
= e — . -

Fig. 131: Hyperbola section

. i o
a==m

Another shape that can be produced from conic section is triangle.

Trinngle is produced when o plane passes through the axis of the cone

§ 3"
i

Fe
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Fig. 132: Triangle section

Aparl fram the conie sections one of the wavs ol constructing these
curves is to be given the foeus to the directrix and the eccentricity.

Frzure 133 (a8 = ¢
The rativ PFOP which s equal 1o unity or

ane 18 the coventricily

' r—

Axis PEAOP =1

T

I Nirecires

Fiu, 133000 Parabioks
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4
The ratio PF:OP which 15 greater
3

1
W " than one is the eccentricity (PF/OP
}1:|

Fig. 133 (b}j: Hyperbola

L nreetins

The ratio PF:OP is less than one 18

|_'|
L) - the eccentricity
\ Axis  PFIOP <]
B
U

Fig. 133(c): Ellipse

[

[EITER

Foveus

Werles
0 - Directrix
Line OF 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
et the sum of the distances fram two fixed points is constant and equal

e saior axis. 11 eonsists of two axes which bisects ar right angles.

s axes are knaown as major axis [longest diameter) and minor axis
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horrest diometer] white the curved Line which bounded this plane figure

1= called the eircumference.

ACTIVITY 4.1a-2: Applications of Ellipse: Ellipse have a wide range of

applications in the design ol some home decorations such as Lrays and

plates and also i some automobile spare parts such as the oasket.

ACTIVITY 4.2-2: CONSTRUCTION OF ELLIPSE
ACTIVITY 4.2a-2: Fig. 134: Auxiliary or concentric cireles method
Given! Diameter of major axis

Diameter of minor axXis.

Step 1
3 -
7 _ \\
L
- \
! i1y Draw wo cieles egual in
! ]
S SR, MR ER J'[._ - 1- H diamieter o the major and nunor axes
| ' | |
| / / AB and CD respectively
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Step 2

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 radianng hines cut
the  inner cirele to  intersect  the

verticals. These  itersectors arc

points on the ellipse.

Fiu. 134: Auxilhary or Concentric Circles Method.

ACTIVITY 4.2b-2: Fig. 135: Trammel methods

Given: Major axis AB

vl s 01D

20



Step 1

Step 3

e
il

‘minor axes to

......

-'PEI&PET [trammel), and

O (half major

‘axis) on 1t

1 trammel on the axes

h point O moving along line
E’i‘l {minmr axis), point 'd" along
line AB (major axis] and mark

the ellipse points at ‘a’.
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with o French curve

{ '
Step 4
g Join the marked points
A \ |
13

Fig. 135: Trammel Method

ACTIVITY 4.2c-2: Fig. 136: Focal Point Method

Definition ! Focel point is when & point maves so that
the sum of tis distance from two fixed points,
called focel points or foci, is constant.

Given: Major sxis AB
Minor axis G0

Step 1
Draw the major and minor axes 10
N | b i £ _ ) _
! ' intersect at O, locate the focal Points
Iy I
with radius equal to the semi-major
axis AQ or OB centred at € or D.
[
The points Fi and F2n1hr||uv5viwrﬁ

-Hdln-uuun1uxm;ur1hrhuﬂlphhu5.

U +CFs = AB.
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I hp=t, 151

I

L I = =, AL
Wt
/ s,

il N | 1L

I

p| w ' ..I . Ty
T‘/‘/
]
Illl
| . FIETE Y ]
[ s [ —
C
I2 | ¥
| .-"'ﬁ_
| b
| () :
|l |
y [ I F §;
I.I _ln' |
/
[ -
]
y

Fig. 136:

To firid the points on the ellipse such
as R & T, locate @ point E between F,
and O,

using points Fy and Fa as

centers, -and roachi equal to the

distance from paimnt A to points B, and

from point B te E swike intersecting

arcsat Band T,

Repeat the same procedure to
locate other points Y & £ on the

olher two I'_l'..l.':'l{ll'ilﬂiﬁ.

Jomn the marked points

with the aid of the

French curve

Focal Point Method
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ACTIVITY 4.24-2: Flg. 137: Rectangular method,

LHven: Major and Minor axes AB and CD respectively,
Stepl
b &
W 0
== Draw a rectangle equal in length and
| amtee. 7}
I - breadth to the major and minor axes
= | | ! f 1 1B pespectively
0 CRPLL A
12 3 4 ,
1 3 Divide Lines OB, and into the same
T | number of units [Maximum of four). All the
i
I3 H units on a line should be of equal length.

p Drew lines from poipgt C to the

polnts on line BG,

Draw lines from peint D to the
points on BH.

= — ld b

Fig. 137: Rectangular Method

From point C draw through positions 1, 2, and 3 on the major axis to meet

railinemy lines 1, 2 & 3 from D, From point D draw through positions 1, 2

and 3 pnthe magur axis o meet radiatng lines 1, 2 and 3 [rom C. Join the

point of intersections to obtain one half of the ellipse: Locate points in the

rermatning quadrants in a sumlar way,
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NOTE: I the conjopate diamerers are given the method of consuuction is
exactly the same as the diameter method. Conjugate in this regard means
that two diameters are conjugates when each 18 parallel to the tangents at

thwe extremities of cach other,

ACTIVITY 4.3-2: PARABOLA
Pornboln s the locus of & poimnt, which moves so that its distances
from a fixed point,ihe tocus and o Oxed sieaisht line, the direetrix are

by s cepal,

ACTIVITY 4.3a-2: APPLICATION

The parabolic curve is used in engineering in the design of bridge.
arches and cdams, 1t 15 also used in forming the shape of reflectors for sound
el hght because il possess the property that if 8 source of light, heat or
st s placed at the focus, rayvs refllected from the parabola form a parallel
bewin jeg. hund torches, car head lamps and electric lamps). Equally, rays
foabbivigs worn Pl paeersebpoilin Dty ouibsacle wiall e reflected o the Tocus [eg. radar
sl eriebur elisbesy

[t is &lso used in the aspect of phyvsics called kinematics as graph of
displacement against time for a8 body moving with uniform accrl:rﬂt.inn in &

st be,
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ACTIVITY 4.4-2:

ACTIVITY 4.4a-2:

Given: The directriz to focus.

NOTE: DV =VF

CONSTRUCTION OF PARABOLA

LOCUS METHOD, FIG. 138

Position the Directrix [AB) and drew a
line DC perpendicular to the directrix

at point D, Locate the Focus (F). Bisect

BF to give the vertex V,

Diraw line X-X parallel to the directrix at
any conventent distance [rem F (o cross

the centre line or axis at point H.

F
——
I* W F L2
Step 2
X
I
i
er el
& "4 |
/ |
|
= |
|
1
1™, =
b I

K =1MI

With radius DH and centre F draw an
arc o cut XX at 1 and' j, which pives
paints on the parabola.

In a similar way locate as many points

as necessary to draw the parabola.

207



Step 3 i

Join  the points with a
I
French  curve: to pass

through the vertex V. At

the vertex [V] the parabola

crosses the axis at 90v,

T e e
o]

X
Fig. 138
ACTIVITY 4.4b-2: Circumscribing rectangle method
Ta construeta parabuola within o given rectangle, Fig 134

Given. Rise AB and span AL,

o4 3 a2 99 6 b T3 o409
Lot il AL Y I I
TS S | FR 1 o | = I 1
& - - D S :
.E | | . e —
= 3 =T Axas ol 3
‘,/ EVITUTIETS
T = T 4
L Y
M| sHY
o _h.

Layout & rectangle using the ‘span and risa.
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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 {say 5).

The divisions on the rise and span may not be equal in size.

.--r""'F.

]
//%

AN
L/

[
-‘-\-‘-\""--\.

NN Fig 139

Praw verticals parallel to the axis through one set of division and join each
of the other divisions to 0. Where these verticals meet the radiating lines

P O3 far each number 15 4 point. Join the poines,

ACTIVITY 4.4¢-2: To draw a tangent and normal to a parabola and to

determine the focus and directrix. Fig. 140

Step i

o Coonlen] s

L

Fig, 140a



Uraw the parabola using the circumseribing rectangle method.
Mark off point O anywhere along the central axis.

From O draw a line at right angle to the central axis equal to Lwice V(O and produce

opP
Juiin P te V where this line crosses the curve mark off point Q. Draw a straight line

with i T-square [rom Q to touch the central axis at F. Point F 1s the required focus.

With cadiusvagunl 1w FV and from point Voon the central axis mark off point D to

L M, o . i ’
locate (1o dirceins DV = VF (eccentricity is unity),

l]

A= el axis
-_‘I"'--
]
To draw a tangent and normal on . point R. From F (focus| draw

through R and produce FT.

A
Diraw vertical line from R to produce 5. Bisect FRS and produce

RETER S IEIREITEI

Lseer SRT to 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

\ .

Locate the two given points A and B and choose the
third point C [assumed point).

Draw lines connecting the points AC and CB. The
twir lines may be drawn at any angle to each other.

Divicle the lines into the same number of parts,

Join the points 1-1, 2-2, 3-3, e1C
Draw parabola tangental to lines 1-1-, 2-2, 3-3-,

-4, tte

il | i 5 4 3 i I

Fig. 141 Parabola Curve.
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A . Join the points 1-1, 2:2, 3-3; #1c.
1 Draw parabola tangential w lines 1-1-, 2-2, 3-3-,

21 i f-4 eto.

4
]
il
il _I ——— — i
Y A
ACTIVITY 4.5-2; HYPERBOLA

Hyperbola is the locus of a point which moves so that the ratia of its
chistances from the focus and directrix is constant and greater than 1.
Mathematcally, a hyperbola |5 defined as a plane curve traced by a point
moving so that the difference of its distance from two fixed points (the foc) is
a constant equal to the tfransverse axis
Transverse axis: Iz the distance between the vertices ol the Twoa curves.
ACTIVITY 4.5a-2: Application
Hyperbalic curves are used in space probes. It can also be used to indicate

varyving pressure of gas as the volume varies;

x XY = pransverse axis
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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 ratio. 1:1.67 means thart the distance from the focus to a point on
the curve is 1.67 times greater than the distance from the point on the curve
to the directrix.

To obtain the wvertex/focus dimension multiply 1.67 with the D/V
dimension.

D/V = 12mm

VE= 12 x 1.67 = 20mm.

Step 1 Step 2
" | i.?-
Y A 7 il
| % |
| A
I " |,
| | A |2

a T (2 B R ]

1 I | | '

W F |

| |
| |
| |
i |
| 'B
B

_ _ _ ) With centre F and radius FO times the
Posation (he fheus, vertesy and direciris

; eccentricity draw arcs 10 cut BB above
Cin the centr axis draw line BB parallel

o _ _ _ and below 1the axis
o Lhee diveetrix 1o give point on the axis,

Step 3

=
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Other points on the curve are fixed in

the smme way by taking the distance

FPX the eccentricity for line CC.FQ
times the eccentricity for line EE etc.

Fig, 142

ACTIVITY 4.5¢-2: To construct a hyperbola using the foci method.

Fig. 143

Given: The focl Fy and Fa, and the transverse axis AB

Step 1

the wiven loct H)F; and ghe

transverse axis A, Biseet FFr and

L)

Fig.143

214

draw a circle with centee O passing
through F; & F: s shown in the
drawing above.

Lay ot o convenienl  samber ol
paints un line FF2 extended (in this

gase 3 pis).



i

R=H;

With points F: and Fz as centers and radius A3 draw ares C, D, B and G.

With points F) and Fa as centres and radius B3 draw arcs (o ‘-nIE:I'EE:ct the arcs at
C, D, E-and & to give points on the curve

For mere points lay off more intersecting arcs using radil of .ﬁ.fand Bz A and By

Join the pmints with franch curve.

ACTIVITY 4.5d-2: To construct a hyperbola with the asymptotes and

one point on the curve given. Fig. 144

215



Definition

Asymptoles are lines, which are tangents to the hyperbola at infinity.

A
B L Draw the given asymptotes OA and
| OB and locate the mven point on the
|
curve X.
Through point X draw lines EF and
!
| X GH parallel to the asymptotes.
o’
|
a H \
I3
iy
\ i1
£ ii
:
‘ q
Fig. 144 i ' 4 bt
LAY ] I =
: 1
[t}

Fih

From point/draw a mumber of radial lines intersecting GH at points i, i,
jivand iv and EF at points 1, 2. 3.4 [at any convenient distant|.

Diraw lines parallel to the asymptates at points b and 12 and iy, etc.
Juin the intersection ol these lines with a French curve 1o produce the

LTV,
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ACTIVITY 4.5¢-2: To locate the asymptotes of a hyperbola. Fig. 143

Given: The hyperbola, foci and transverse axis.

—

E I D
Diraw the given hyperbola, foci and transverse axis,

With eenter o and radius OF; draw a cirele

Draw perpendiculars 1o the transverse axis al

points A and B | vertices of the hyperbola. |

Lines drawn passing through the points C, I, E

and F. Where the perpendiculars intersect the

circle are the Asvmptotes.

ACTIVITY 4.5b-2: To construct a tangent to a hyperbola. Fig. 146

Given: The hyperbola and the point of tangency P

aw the miven hyperbola and

locate the position P

Draw lines from P to Foand Fa.

Bisect angle FiPF ..
The bisector LP is the required tangent.

Fig. 146

SELF-ASSESSMENT QUESTIONS
| The total of all the positons occupled by a point which varies its
position according to @ given law is Iits

A line B locus C curve D plane

Which of the following 18 not a conie secton?

A Afrustum B Acrcle C Anellipse D A rtriangle
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3 The diagram below is an incomplete constructon of the locus of a
point ‘P' measuring relative to a focus F and a directrix Y-Y. If the ratio

VF/VX is less than unity, then the locus 15 a part of!

.
¥ M B,

A Agrcle B Aellipse C A parabola D A hyperbaola
- Which of the followimg mformation witl be required in constructng an
ellipse using the concentric circle method
A Focus and direclnx B Major axis and focus
c Minor axis and directrix D Major and minor axis
i The cocentrwcty of a paraboli s
(4] Zero {B] Unity  (C} Gregrer than unity (D} less than unity
a] The locus of & point, which moves so that its distance from the
locus equals 1ts perpendicular distance from the directrix 1s:
|A) Hyperbola (B} Parabola (C] Ellipse (D} Cyelaid

Line AR in the igure below is called the®

|A) Urdinate

B Directrix A B

C Asymplols Parabola
L Marmitl




bt Which of the following 15 not applicable in the construction of
hyperbola?

A} Asymptote (B] Abscissa (C] Directrix (D] Minor axis

Use the figure above to answer guestions 9 and 10
g What method of ellipse construction 15 shown?

(A} Rectangular method (B} Auxiliary method

(C) Focal point method (D) Trammel method

10 The distance X £ répresents the

(&) Minor axis (B} Major axis
(€} Half minor axis (D} Half major axis
Answers

(B (2)A (31B (4D (3B (8B (7)B (8D (91D (10)D.
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325 Module 5 — Loci part 1l: cycloid, hypocycloid epicycloids,

involutes curves and Archimedean spiral

OBJECTIVES
By the end of this module student should be able to:
- Define cyclod, hypocyclod, epicycloids mvolutes and  archimedean
spiral
= State the application of these drawmgs i engineening

- Construct the different curves.

The cyclomd, hypocyclod, epicycloids and involutes curves are the basic
forms used for gear teeth.
In the cycloid pear tooth profile, ig. 147a the upper part of the base line
consists of parts of an epicycloids while the lower part of the base line consists
of parts of the hypocyelod.
In the mvolutes pear tooth profiles, fig. 147b the part above the base circle 15 an

mvolutes.
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lavielule

Base circle

Epicycloids

.‘:ﬂﬂ_‘it circle

: ~
H’_’__’—"Hypu-: vizloid

Inwolute tooth (the mck reeth isa
straight profile)

Cyveloid tooth

Involute tooth
Fig. 147a Fig. 147b

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 without slipping,

ACTIVITY 5.1-2: CORSTRUCTION OF A CYCLOID CURVE, Fig. 148
Given: The span of ¢ycloid AB.

Step 1: Divide the span length AB by Pi [I1) to get the required diameter of
the generatiing 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 inte an equal number of
divisions, (Twelve for conveniencel.

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 the fixed line

AB to the centre line of the circle (in this case line Fl.
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'\7 Rolling or

generating circle

— T ' :
. i)
AN —
\ F
| |
\ \ \JE’} e
X Y '
e o I | -
S A | ! -
A I 2 3 4 3 6 7 B ¢ {0 n 2 B
u

+ +

Step 6: At the mntersections of the perpendiculars with the centré line F.
Draw oircles of diameters equal to the rolling circle represenung the varmu.xs
position of the rolling circle as it moves to the right.

Step 7: Mark the point of tangency (0/12) between the rolling circle and the
span as p.

Step B: Mark points Py, Pz, Pa, .. Pz with & cross where each of the circle
cuts the corresponding horizontal line ie. circle with centre perpendicular 1
cuts horizontal line 1 (line H) at pi, circle with centre perpendicular 2 cuts
horizontal line 2 (line G at Pa, circle with centre perpendicular 3 cuts

horizontal line 3 (line F] .at Py etc. Connect all the points Py, Pa, Pa, ... Piz

with a smooth curve to complete the cveloidal curve.
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generating circle
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o Fig. 148
Note: The span AB = ZIIR or IID [circumference of the rolling circle].
Therefore the span can equally be determined when given the rolling circle
racliug 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

ol 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

basze ciecle.

ACTIVITY 5.3-2: To construct an hypocycloid, fig. 149: The consuruction
of an hypocycloid is similar to that of cycloid except that the generating
circle [rolling circle) rolls ona curve line instead of a straight line.

Ghiven: Base circle diameter, generating circle (ralling circle| diameter.
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Step 1: Determine 6 using the formulat = 360 xd /D
Where d = Diameter of rolling circle
D= Diametér of base cirele
8 = The angle subtended at the centre of the base circle.
Step 2: Draw line AQ equal to the radius of the given base circle.
Step 3: Using pomt O as centre and radius AQ draw an arc OB subtending

angle B, Join B to O, (Note: The length of the arc AB = the circumference of

the rolling circle I1d),

Step 4: On line AQ, 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 inchuding the centre point C to touch line QB.
Step 6: Transfer the twelve divisions on the relling circle o the arc AB.
After this draw lines from the 12 points on the arc AB 1o the arc centre Q.
Step T: Where these lines intersects the centre line arc C, draw circles of
dinmeter eqgual to the rolling circle representing the various position of the
rolling circle as it moves to the right.

Step 8: Mark paoints P;, Py, Py, ... P12 with a cross where each of the circle
cuts the corresponding are ié. circle with radial line 1 cuts arc 1 at Py, circle
with radial line 2 cuts are 2 at Py ... circle wath radial line 12 cuts arc 12 at
point 12,

Step 9: Join these points Pi, Pz, Pa to Piz with a perfect curve to produce

the required hypocyecloid.
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Base circle

7 )
Centre line €

Rolling circle

Fig. 149: Hypoeveloid

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 {ixed 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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Fig. 150: Epicyveloid

ACTIVITY 5.5-2: THE ARCHIMEDIAN SPIRAL

The archimedian spiral is the locus of a point moving 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 revolution|

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 canvenience.

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

this example 8). Number the radial lines, starting with first line after line

CE



Step 5: Using centre C and radius C; draw an arc to cut radial 1. With C

a8 the centre repeat for radials 2 1o 8

-
[

7

fi
Fig. 151: The Archimedian Spiral

Note: It does not have to finish at the actual centre of the circle: it can

fimish at the radius of a smaller cirele,

ACTIVITY 5.7-2: INVOLUTE

The involute of a circle is the path formed or traced by the free end of

a string as it 1s unwound from the circle or polygon.
ACTIVITY 5.7a-2: APPLICATION: AS esarlier stated the mmvalute 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 O

: The starting poant P
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Step 1: Draw the circle and divide it into a number of equal parts say eight
(8],

SBtep 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
circum{erence of the circle in this case (8).

Step 4: On tangent 1 lay off a distance equal to the length of P— 1. From
the horizontal on tangent P, lay off a distance equal to the length of the
diztance P =2, [rom the herizontal division, and so an until the distance on
the final tangent has been set ofl.

Step 5: Draw a curve line through these points on the tangents to give the

required involate,

ACTIVITY 5.9-2: TO DRAW AN INVOLUTE OF A SQUARE, fig. 153
Given; Square ABCD
Starting point O.

Step 1: Draw the given square

- .?-E_E S _'__,—"_



Step 2: Extend straight lines from points ABCD to an approximate location
of points. Mark the starting point O on any of the extended line {in this case
line DH) at any convenient radias to point O but far away {from D.

Step 3: Using point A as the centre and a radius of AQ draw an arc from
point O to touch the extended line from A at point B. Using B as centre and
radius BF draw an are from E to toueh the extended line from B at F.

Step 4: Using C as centre and radius CF draw an arc from F 1o touch the

extended line from C at point G.
Step 5:Continue in the same manner around the square until the required
mvolute is completed. F

Diagram

LF

Fig.! 153

ACTIVITY 5.10-2: CONSTRUCTION OF AN INVOLUTE OF A TRIANGLE
The construction of an mvelute of a triangle (usually eguilateral triangle] 1s
similar to that for the involute 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 epicvcloid is defined as the path traced out by a point on
a circle rolling without slipping on
(a} A straight line {b) The outside of a base circle

[e] The inside of a base circle i A parabala

(2]

e

ol

The curve shown in the figure above 135
[a) An epieycloids (k) An ellipse
{cj An archimedean spiral id} An mvolute
[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) Cyclod b}  An mmvolute
[y An epicycloid [ci] A hypocveloid
{4)  In which of the following is the involute of a circle practically applied
fa]  Circular profiles (h]  Cylindrical solids

ich Gear teeth ) Found objects

5] The logus of a point moving unifermly around and away from a fixed
point is
[a) Archimedian spiral (b] Epicyeloid

(c] Hypuocycloid d]  Cyclod
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1S to change uniform rotary

Iﬂj Archimedean spiral

(7l reumference of a circle which
la)

(]

(8] g, as it is unwound from a circle
(a) Aninvolute |d| A cylinder

D (4 ¢C

B 8 c
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3.2.6 Module 6 — Loci part 11: link mechanism and helix

OBJECTIVES
By the end of this module students should be able to:
- Deline link mechamsm and state it application in engmeering,
- Define hehix and state s application in engineenng.
Construct vanouos types ol hink mechamsms

- Drvaw difterent types of helices.

HOW TOSTUDY THIS MODULE
Read through the module step by step
PPerform the activity presented as examples in the module.
Do the self-assessment guestions at the end of the module without

refermng 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 cyele, motor cars etc. In the design of mechanism it is
important to trace the movement of the parts {the locus| =0 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 of link
mechanism. Figure 154
(3A 15 Lhe crank and the locus of A 15 a circle
AB 18 the connecting rod

C is the piston.

Figure 154: Link Mechanism

[3 The guide is called the cylinder in a motorcar engine.

ACTIVITY 6.1-2: The crank OD rotates about a fixed centre O; The rod is
pin jointed at D and is fixed to the slide (B] at the other end. The end B of
the connecting rod 18 constrained to move in an east to west direction along
the line AQ, Plot the locus of P when the crank OD makes one complete

revolution :
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To plot the locus the mechanism is drawn in several positions with the
pesition of the tracing point on each marked. A curve drawn through these

paints will give the required locus. Fig. 155

Divide the circle through D into a number of equal parts. (8 or 12 parts) in
this case 12 parts.

Note: The racius of the circle 18 equal to OD |crank radius).

-
LY ]

Step 2 =

e Yk

Plot P on each position of BD. 8 7

234



Step 3 - :

N

Draw the locus with a French curve. — 5
¥

Fig. 155

ACTIVITY 6.2-2: In the figure 136 below, the crank AB revolves
anticlockwise about A. The rod CD is pin jointed at B and Is also pivoted at
P. Plot:

(1] The locus of the point C as the crank AB makes one revolution,

[11] The locus of peint D as the crank AB makes one revolution.

Given: AB = 30mm, CD = 120, BD = 20

a8

Fig. 158
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PROCEDURE

Step 1: Draw the given higure and divide the circle through B into a number
of equal parts, eight or twelve for convenience,

Step 2: From ¢ach point on the cucle plot a corresponcing position for C
through P, and draw CD in cight positions.

Step 3: Join the eight positions of C |{Cy, Cz, Cq =eeme- Cal with French curve
to mive the locus of point C

Step iv: For the positions of the locus at D, extend each of the eight lines
CB to Lhe left to produce BD = 20mm (given].

Step v: Jon the points (D;, D, D3 ------ D} 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

revolibion.
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ACTIVITY 6.3-2: SOLID GEOMETRY
SOLID GEOMETRY: A three -Dimensional solid obgect that has length,

width 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 i3 a three dimensional figure. The axial movement during one
revolunton 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
lel).

APPLICATION: Typical Application of helix are springs, bolt and screw
thread, gears {worm of helical), cylindrical cams, flutes on drills, augér bits

tised 1 wood wark, 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 front view equal to the lead ur pitch. Both
of them must maintain the same centre line.

Step 2: Divide the end view into an equal number of parts (in this case 12

partsf,
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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 honzontal lines from the points 1, 2, 3, --- 12 on the end
clevation o termmate?&.te last vertical line on the lead.

Step 5: Mark the point of intersection of the vertical lines with the
corresponding horizgontal line, thus marking the curve pomis,

Step 6: Join these ponts with 8 curve line 1o produce locus of the point.

> NE
LEADR R PUTCH
6 7 ‘

| 0

3 I-HI““.{__ i\)/ - | \.

> B ) 2 3 4 % 6 789 10 1 1z

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 s nlways greater than the pitch. For example, with a double start
thread the pitch is hall the lead; with a triple start thread it is a third of the

lead, ecc.
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Hidden details are generally omitted on helix drawings to avoid

confusion.
SELF ASSESSMENT QUESTIONS
(1) Which of the following 1s not a practical application of the helix
) Screw thread (1] Cail spring (c| Twist drills (d) Parabola

use the ink mechanism in the figure below 1o answer questions 2, 3 and 4.

hd
Given thar OP = BOMM, PM = '.iESEIMM and OM is horizontal
[2]  What is horizontal maximum displacement (stroke) of M,
|a} 125mm (b 160mm tc) [ TOmm () 330mm
|3) PO in the mechanism is referred to as the
Bl Connecting roc. (b} Piston [ch Sleeves (k] Crank

4 Which of the following does not use the principle of the above
mechamsm?

(2]  Automobile engine (b}  Power hacksaw

el Sewing machine (d)  Circular saw

(3]  The type of curve applied in the manufacture of springs, screw threads
and propellers s the;

fi1) Helix [b) Cycloid () Ellipse (d] Parabola

|£1] What 1s the path traced by a mouse running at & constant speed
round a circle marked on the floor of a lift which rizses at a constant

speed from the pyramid to the tenth floor of a building?
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[1]

Circle 14 Cycloid e Ellipse [t Helix
In a triple start thread the;
Pitch is thrice the head (b] Lead is thrice the pich

Root is thrice the pitch (d) Reot is thrice the minor diameter.

ANSWERS

D 2) D 3 D 4] D (5] A &) D (7}



3.2.7 Maodule 7 - Developments

OBJECTIVES
At the end of this module students should be able 1o:

- Detme development and state its application in engimeenng

- State the two classes of surface development “rule and double curve
surfaces”

- Identify different types of ruled surfaces

- ldentify different types of curved surfaces

- Differenniate between nght angle object and oblique object

- State reason (5) why certain surfaces are developable and some are not
developable

- ldentify the three methods of pattern development

- Develop differemt surfaces uwsing the differemt methods of surface

development

HOW TO STUDY THIS MODULE
. Read though the module step by step
. Perform the activities presented as examples m the module
. Do the szli-assessment questions al the end of the module without

referring to the module.




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
o -a stretch ourt line or girth.
Obligue object development requires auxiliary projection to find the
true length lines,
The development of truncatéed objects is the same as .ii' the object
was not truncated except that the truncated portion must be
located too.
[n sheet metal development extra material must be provided for
laps or seams, bends and for fimishing raw edges by hems.
[n development the shortest seam or joint line 15 used because of

the economy of time and material achieved in making the joint.

DEVELOPMENT: Development is the lavout of a pattern of a shape in a

single flat plain in readiness for folding to a desired shape. Surface

development is applied in many engineering products suclh as (boxes e.p.

tonl box

and nail boxes) buckets, sair conditioning duct, funnel or hopper,

etc. Development is used for manufacturing products that requires folding

or roliing of sheet metals.

a1
{i]
il
THe T

SUriaces

irface development 18 classihed nto twa:
Ruled surfaces
Double curved surfaces
vled surfaces are further classified as; “plane surface. single curved

, "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 [eylindrical surface), The plane and single
curved surfaces can easily be developed. The warped surlaces comprise
those ruled surfaces for which successive positions of the generating line
neither intersect nor are paraliel e.g. automobile fender which is usually
pressed mto shape.

Couble curved surface 1s 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 Llnlpss they are

chvided into small sections, which are developable.

ACTIVITY 7.0-2: METHODS OF PATTERN DEVELOPMENT
There are three methods of pattern development:

[l Parallel line method.

[bi} Rachal line method

il Triangulation method
ACTIVITY 7.1-2: PARALLEL LINE DEVELOPMENT

In this method all fold lines are parallel. [t s used for object with

constant cross-section throughout their length. Fig, 158
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Fold lines parallel

,ﬁjiﬁiF —~7N_ Fig 158: Cube.

‘_,,,f""

-\‘\ e ine i
_,./'J e or

Fold lines parallel
Fig. 153% Cyvlimder

ACTIVITY 7.2-2: PRISMSS, Fig 160

A prisms ls named according to the shape of its base. The edges are

parallel to one another

%

Triangular Squaie
prism

Hexagonal
prism

Fig.166.
ACTIVITY 7.3-2: TO DRAW THE DEVELOPMENT OF A SQUARE PRISM,
fig. 161
Given: Front elevation ABCD and the plan
STEP 1: Draw the [ront elevation ABCD and the plan 1.2.3.4
STEP 2: Project lines from the top and bottum part of the ¢levation equal to

tie length al the four sides of the plan
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STEP 3: On the projected lines from the front elevaton mark the distances
| =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

o and bottom.

Front /

I 2 3

F=3

Develonnien

Led
ey |

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 circumiersnce of the plan into 12 equal parts and project

lines {rom 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 o the circumference of the

given plan by stepping off the 12 divisions from the plan.

-
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STEP 4: Draw vertical lines from the 12 units on BC extension to intersect
the projection lines from ine AR to obtain the curve points
STEP 3: .Jom these points with perfect curve to obtain the development of

the frustum of the cylinder.

(£ |
|
|

¢ 01 23 4 567 & 9 101112

o

¥ il I T = = |

h

A

ol
4

Fig. 162

ACTIVITY 7.5-2: DEVELOPMENT OF AN OBLIQUE CYLINDER
The development of an oblique cvlinder 1s similar w that for the
truncated cylinder except that the true lengths must be found in an
auxiliary view while the end covers il needed, are developed from &
secondary auxiliary.
RADIAL LIMNE OEVELOPMENT,

ACTIVITY 7.6-2: PYRAMIDS, fig. 163

A pvramid is also named according to the shape of its base, The
sloping sides meets at the apex while the axis passes through the centre of

hae base and Lhe apex.
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A

Base shape

Triangular Sguare Hexagonal
pyramid pyramid pyramid

ACTIVITY 7.7-2: TO DRAW THE DEVELOPMENT OF A PYRAMID,
fig. 164

Given: The glevation ABC and the plan,

STEP 1: Draw the triangular frant elevation and the nexagonal plan with
both maintaining the same centre line.

STEP 2: Draw diagonals across the corners of the plan and number them
[rom 1-6;

STEP 3: Project these points vertically 1o touch the base BC of the front
Clevation enc,

STEP 4: Draw lines from these points on line BC to touch the apex of the
elevation,

STEP 5: With apex A as a centre and radius of the slant height AB.  Draw
4n arc from B large enough to accommodate the chords on the plan.

STEP 6: Step off the units 1-A fram the plan on the are with B as pownt O,
STEP 7: Join these points with straight lines e, 0~ 1. [ - 2, etc to obtain
Lhe development.

STEP 8: Draw a straight line from these pounts to the apex A.



RESULT

Fig. 164

ACTIVITY 7.8-2: DEVELOPMENT OF A PYRAMID WHEN THE TRUE

LENGTH IS NOT KNOWN IN THE ELEVATION, fig. 165 a
Given: The front elevation and the top views of a right pyvramid

STEP 1: Draw the given views

A

] 1
H | Ll

STEP 2: Project the base of the elevation to the right.

STEP 3: Locate the tue lenpth of the corner lines of the pyramid, by

rutating line 03 te a horizontal position m the plan.  Then project the
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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: Lay off the length 1- 2, 2-3, 3 -4, and 4 - 1 as a chord on the are

EF. join the end points with P (o form trianales

A
B .
| 3 1] P
i +
I"'..J
Fig. 1682 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 elevauon ABC and the plan equal in diameter ﬁm the
base of the elevation BC with both maintaining the same centee ling,

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
vircumierence 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.
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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 ffont elevation.

STEP 3: Project these points on the elevauon base line to the apex of the

LT,

STEP 4: Where the radiating lines cut the secnion DE project them

horizontally to touch AB.

STEP 5: With centre A and each of the points on AB (including point B} as

rivchius draw arcs,



STEF 5: Mark off the plan units 1 = 12 on the arc from B and connect them
A
STEP T: 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
I
V4 10
i “\-‘ Y
8
7
A
I3 ;
E 4
b 1
2
= o IEJH -
[y
i 12
AN\
T ] I
("
A2
6
5 4 3
Fig. 166

ACTIVITY 7.11-2: OBLIQUE CONE
An oblique cone has its axis mclined to its base rather than perpendicular
and because of this radial surface lines are not all the same true length.

The cone 1s divided into a number of triangles instead of a sector as in right

s 251
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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. Diade
the crcular base into 12 equal parts.
STEP 2: Project the points on the circular base to the base line of the
elevation and rom these pomis racdiate ines to the apex A,
STEP 3: Extend the base line of the cone to the rnight and draw a
perpendicular to this line from the apex A [Aﬁlf
STEP 4: From point A Rabampoints 0 to & to the base line extended to give
puinis ! w &!, Join these lines to the apex A. These lines are the true
lengths of the generators shown.
STEP 5: Start the development by positioning & - 8! in the centre. From
point 6! strike arcs equal to one of the units on the base circle on each arcs
of length or radius A - 531 Join the points of intersection of these arcs to
pomt A to give the first two triangles AS'6 on the development.
STEP 6: To draw the next two triangles Ad4! 5! with 5! and radius equal to
v of the units on the base circle strike ares, Intersect these arcs with arcs
ol racdius A4l Join these points to the Apex A to give tnangles. Determine
other points in similar manner.

Note: Lines A - 0 and A - b are already in their true lengths.
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Fig.167 ": Oblique Cone Development.
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TRIANGULATION METHOD

Triangulation is another major method used to lav out a surface
development. The development involves dividing the surtace into a number
of trangles

The true length and true sizes of the tnangles are found and

transferred to a stretch-out,

Transiton pieces are used to jomm pipes or ducts of different cross
section shapes e.g. sqguare duct to a round one.

In order to determmne the true length in a transinonal 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 | is projected
from the front view to the true length while the distance y between
corresponding hne end points A — 1 15 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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True length s obtamed by plucing
ptan length at right angle to thewr
vertical height.  The hypotenuse so
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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) MName the two general classes of surfaces

{a) Sphere and Radial surfaces

(b} Ruled and double curved surfaces

(¢} Oblique and tangulation 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 15 called
piece (a) Radial (b) Parallel (¢) 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 senes of mangles to develop pattern s called

fa) Trangulation 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) Tnangulation
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(9)  If a semieircle 15 made to rotate about its diameter the solid generated
15

fa) Acone (b) Apyramid (c) A sphere (d) A cyvlinder

(10}

N

The surface development above 1s that of a
(a)  Triangular pyramid (b) Rectangular pyramd
ic)  Square pyramid (d) Pentagonal pyranmid

ANSWERS
(1) ¢ 2 A {3 B @ € () D
) € (7 A (8) B (99 € (o) C
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31.2.8 Module B - Intersections

Intersections are lines formed at the junction of surfaces where two or more
ohjects jomn or pass through each other.

Example 15 a cone passing through a cylinder

Intersections are commmon i the engmeenng and related fields, For
mstance the automotive and aerospace mdusines, a lot of design works such
as panel. body secnon, wings, etc myvolve various intersections, which must be
correctly defined. The design and specifications of buldings require arclutects

and engineers o deline the intersection of surfaces.

TYPES OF INTERSECTIONS
Intersections are classificd on the basis of the types of geometncal
surfaces mvolved, Geometrical surfaces are classified as;
(1} Ruled geometrnical surfaces

{n)  Double curved geometrical surfaces

RULED GEOMETRICAL SURFACES
Rule geometrical surfaces are surfaces penerated by moving a straight
lme. There are three types of geometncal 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 developed if

it 15 divided into sections

[

=

Prizsm

Tetrahedron Obhque pnsm

Fig. 1 70 (a) plan Surfaces (Developable)

o
N

Bosoe skl ‘

Reght circular cene _ _ _
Right circular cylinder

Oblhque pnsm
Fig. 170 (k). Ruled Surfaces (Developable)

B

Warped cone
Hyperbolowd of revolution

Mk
Fig. 170 (¢): Warped Surfaces (Non-developable)



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. Fig 171. double

curved surface cannot be developed into single plane surface.

il

Torus ¥
Sphere Parabaloid

Fig. 171. Double Curved Geometrical Surfaces
DRAWING CURVES OF INTERSECTION

Activity 7.14-2 How to draw the curve of mtersecton of two cylindrical
pipes of equal diameter joined at right angles, Fig. 172

Given: The plan and the elevation.

Step 1: Diraw the given plan and elevation

Step 2: At any convenient distance away from the plan and elevation

draw semu circles and divide them into 6 equal parts.

Step: 3 Project homzontal lines from the points on the plan semu circle
to touch the plan of pipe X and project these poinis vertically to the
elevation.

Step: 4 From the pomnts on the elevation semicircle project horizontal lines
to mtersect corresponding vertical hines m step 3, to produce the
points of intersection.

Step: 5 Join these pomnts to give the curve of intersection,

ma
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Note: The lines of intersection lor two cvlinders of equal diameters are
always straight line

The same procedure 15 used w draw the line of mtersection of (wo
eyhindrical pipes of unequal disineter jomed at right angles. The only
difference is the line of intersection, which is always a curve as agamnst a
strawht line m two evlinders of the same diameter jomed at nght angle,
Activity 7.15-2 Curve of intersection for cvlindrical pipes of wnequal
diameter joined at an angle other than 90°. Fig. 173

Given: The plan and the elevaton.
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Step 1: Draw the given plan and elevanon with the views inclined at a
specific angle & [Ref Fig.174)

Step 2: Draw a semucircle at any convement distance away from the plan
and elevation and divide them into 6 equal parts.

Step 3: Project honzontal hnes from the pomts on the plan setmicircle to
touch the plan of pipe X and project these pomnts vertically to the
elevation.

»tep 4: Project lines parallel to pipe Y from the points on the elevaton

semicircle to intersect the corresponding vertical projections lines, to

mark the line of mtersection.
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Activity 16.3-2 Drawing curve of intersection of a 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, 203, 2R,

Step: 3 Draw vertical lines from the pomts L, M, N, O, P, (), 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 pomts for the curve on the plan vertically to their

corresponding hines on the front elevation, to produce the curve pomnts

on the front elevation.
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CHAPTER FOUR
SYSTEMS DESIGN AND IMPLEMENTATION

4.1 svstems Design
Cornell (1997) defined system design as the process ol developing a plan
fir implementing the set ol functional hardware and software systems. I 15 the
creative ability of combimng the theoretical ideas with the avallable resources
o achieve a deswed output or goal, that is, the objectives ol the system to be

developed.

Thiz wdes was employed i development/design of “DEVELOPMENT
OF COMPUTERIZED TECHNICAL DRAWING LEARNING DESK FOR
SECONDARY SCHOOLS.™

Henceforth, the system shall be called T.DBASICS, acronym for
development of Computenized Learming, Desk m Techmcal Drawmg lor

Secondary Schools,

4.2 Development of The Learning Software

Basically, T IXBASICS was developed with visual Basic programming
language a  programmmg  fanguage  desipned  for the Microsofi  windows
environment.  Although there exists some other high level programmung
language such as COBOL, FORTRAN, ALGOL, PASCAL etc, but visual Basic
was selected becanse s considered to be the ecasiest language to leam as 1t
was ongimally designed as a beginner’s language, it 18 user fnendly and readily
compatible with Microsoll Windows environment.
Therefore T.I:BASICS supports most standard features of the Microsoht

Windows graphical user imterface. 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

activabmg manus, command buttons and making selection in a hist of options.

4.3

i

v

Vil

4.4

Features of T.D.BASICS

T.D.BASICS 15 able to carry out the following activities:

Help the student to know the expected leamning Outcome through the
outlined objectives.

Cnve mstruction on how o study each module.

Impart technical drawing knowledge in students .

Present techmeal drawing lessons in a modular form

Make student progress throongh techmcal drawing curnculum at has or her
own speed without inerference form the teacher/instructor.

Evaluate the student on every module studied

Process the result afier evaluation and direct the student on what next o
do based on the result,

Decide on whether 1o supply the answers or not to any studied module

based on the score

Flowchart Development

A flowchant relating the learming activities mvolved i T.D.BASICS was

developed 10 provide a diagrammatic representation of the learming
process. The flowchart 1s shown in figure 4.1, The figure represents the
steps anvolved m the leaming of the developed techmical drawing

sofiware. 11 shows the interaction between the user and the sofiware.
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Enter the lesson
and module you
want to leam

l

Enter the first
topic within the @
TFI:"|-|'1II1E"

View the topic for the
reader to r:ad through

Enter the next
4—  topic within the
n-mdnle

View the topic for th-‘:.‘l
h

»

reader 1o read throug

Has the reader read
through the entire
topic in the module?

Try the tutorial on the
module
or




Print
"Bl = Tutonal
mark"

No Let M = the number of
times the reader had
el fha fitannl
Yes
Show the answer 1o the twtonal for Mo
the reader to see il bl
(o o
Yes !
Y
" Print “You have tried
Do you E!‘: want to the tutonal 3 times
LI without success. Please
go and read/leamn the
module again
Go w E Go to 12

I: Stop |

Fig 4.1 Flowchart of the system for each of the module
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4.6

4.7

4.6.1.

Writing Code

The codes otherwise known as program are the set of mstruction/set of
program written (o execute the teachingfdearming tasks. The code consists
of language statements constants and declarations arranged v a logical
manner. he order in which the code executes depends on the user that 15
the user 15 m charge and the code responds. The code for T.D BASICS 15

as shown m Appendix A

Ease of Use

This relates to the user imerface. T.D.BASICS was developed with visual
Basic programmng language, a programming language desipned for the
Microsoft wimdows environment. Thus, T.D.BASICS supports most
standard leatures of the Microsoll windows graplical user interface. Ths
means thal T.D.BASICS 15 user fnendly, menu driven and also supports
the use ol mouse as an addibonal mput device for actuvatimg menus,

command buttons and selecting options from a hst box.

Syvstems bmplementation

The  systems amplementation  presenis the hardware and software
requirements ol T 1D BASICS. It alse descnbes the mstallation procedure
lor setting up the system, the user’s puide, which guides the user on how

o use the system

Hardware requirements.
The hardware requirement of T.I2.BASICS 15 a personal computer (Pc)
with the lollowmg mimimum configuration,

Pentium 133 or higher processor
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o Odimmum of 32 Mb ol RAM
o 47 VOA colour monitor

o 10 MD free Hard Disk

o« 35 Floppy Disk Drive

s A mouse and other sutable pomting devices

4.7.2 Software requirements

NVicrosofi Windows 95 operating system or later versions,

4.7.3 Installation procedure

T.D.BASICS 15 stored in mstallation diskettes/dise, the installation
procedures 15 as follows;

fa)  lnsert the nstallation diskettes w the oppy drive

(hy  Copy all the packaged application from the diskettes completely into a
folder

ic)  Open the tolder and double chck on the set up icon to run the set up.
Follow the mstruction of the system until the sollware has been
completely installed. The computer will prompt you after the package
has been successfully installed,

{d)  You can now access T.D.BASICS from your explorer.

4.7.4 lsers’ guide.
As shown in figure 4.2 T.D.BASICS starts with a main enfry screen
showing a logo, version number and horzontal 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 honzontal bar menus: These
are:
= Learmng T. D
= Tutorals
= 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 vanous 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 vour choice and click on it to present the user
mierface 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 learming 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 ' Learming window giving information about construction of ellipse using the rectangular
method

~  The tutonals can be accessed either from the honzontal bar (task bar) or
from the user interface of each module.

» A click on the task bar tutorial will present a list of tutonals for all the
modules from where the particular tutorial to be answered will be
selected.

» Chick on the selected tutonal to display the tutonal interface for that
lesson fig 4.6. The answers can now be supplied in the empty boxes

provided.



= The " About: menu provide mformation about the developers.
» To exil the system, click quit on the T.D. BASICS main menu globe

followed by chek on exat.
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CHAPTER FIVE
RESULTS AND DISCUSSIONS

5.1 Resulis

The purpose of this project which 1s to develop a techmeal drawing software for
the teaching and learning of techmical drawing in secondary schools was
achieved. The study has developed useful tool for teaching and learming
techmcal drawmg, a subject considered to be didlicult for many students. The
developed software presents concise explanations of the subjects general
principle. and uvses worked examples freely 1o expand the sofiware. Each
example shows the method of obtainmg the solution and includes addinonal
explanatory notes. For some topics, where it would have been ditficult to
understand a solution given on a single drawing. the solution has been drawn in
step-by step torm
The modular approach, mteractive procedures and graduated test will
promote easy learmmg of the subject, user nendly, menu dniven, portable and
runs on Microsoft windows operanng system. The set of programs written 1o
achieve the objective of this study 15 given in appendix A
The design result was found to be reliable, accurate and result onented
than the existing methods of teaching and learming the subject. The drawmgs
produced are better than the manually prepared drawings. There 15 more
standardization and greater lembility of the drawings.
Another result achieved from the developed soft ware 1s the high guality
ol the physical leatures in terms of attractiveness, durability size and clarity of
the resources. Also achieved are accuracy. clarity and usefulness of

lustrations, drawmgs and weight of matenial for ease of handhing and storage.
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The resulting software helps to facilitate learming, 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 mclude:

Stimulation of interest. In teaching and learming sitvation, there is the
need to generate or arouse and maimntain students mnterest. Once interest 18 built
up, effective learning will definitely take place. This technical drawing soft
ware has the ability to awaken student interests and thus arouse their cunosity
to learn and know more. The use of this soft ware enables the learmer 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/ leaming more productive since
it helps to speed up the rate of students learmng. In addition to making students
learn faster or promote greater acquisition of knowledpge, 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 techmical drawing teacher in actual teaching - learming
sifuations. Students m a class may not be able to observe closely teacher
demonstrations. There mught 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
ume 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 expenences 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 sigmificant and appealing
acuvities, When students are actively participating in the teaching learming
process, their interest 1s maintained and there is increase n learning. Students
develop skills necessary n problem solving when they are mvolved
mdividually in a learming 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 curniculum 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 15 working independently to achieve clearly specified mstructional



objectives of a programmed ol instruction. It has the potentiality of promoting
students ability 1o work independently over a period of time.

With this rescarch work individual students now have besides the teacher
other avenues for leaming techmeal drawing. He can now proceed at lns own

pace and tume in the process of learming techmcal drawing,

5.1 Discussions
Ihe soltware will seeve as a pood puide 1o beginners i techmical drawmg. 1t 1s
well prepared to suit the specific needs of the beginers. It contains much of the
knowledge and experience needed for proceeding on advanced studies
techmecal drawmg

While the software will be highlv valuable for the beginning higher
mstitution students by serving as leaming software mn techmcal drawing course
m - engmeermp and technology, it has been developed primarnly [or the
secondary school students, covering the geometrical drawing syllabus for senior

secondary school certilicate

The software 15 programmed in 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
Jumor secondary school. (JS5) level with the assistance and puidance of the
teacher. It 1s hoped that the brief explanation to each chapter will be helpful to
the gurdmyg teachers or indmvidual learners,

The areas covered in this software are:
Lesson | Technical drawing Basics

Lesson 2 Geometry



Lach lesson 1s further divided into a number of modules programmed in a
logical step by step order from simple 1o complex for use at all levels of the
secondary school educational setting (J551 — 558 3).

The objectives for each module are outlined at the begimmng of the
module to give an insight nto the expected outcome. Next to the objectives is
the mstruction that provides a good gwide to the student on how to study the
chosen module.

in order to help the students questions have been provided at the end of
each module. These questions are designed to test the student’s understanding
ol the Module.

Every attemmpt has been made in the preparation of this work to employ
examples and illustrations that are faomliar with the environment and
background of the children.

All dhmensions are in 8.1 unil.

5.1.1 Lesson one — Technical drawing basics.

This topic presents a checkhsts of what students of technical drawing should
learn for effective drawing.

Module 1 Uses and care of drawing mstruments

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 drafing language, student must leam which

instrument o use on a particular drawing. He needs to know how Lo use drafung
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equipment skillfully, accurately and quickly. This module exposes student to
the basic drawing mstruments wsed in techmeal drawing, their uses and
matenials which they are made ol Some of these mstruments are drawing
board, T-square, Triangles, protraciors, French curves, Pencils, erasers, pair of

compasses, Dividers, ele.

Lesson 1 Module 2 - Lines and lettering techniques

Different basic types of lines are vsed in manual drafting with cach having its
own individual charactenstics. Simple freehand lettering, quickly made and
perfectly legible is important to engineering. Lettering is used to tell the kinds
of matenal, sizes, distances and amounts; to dentify umits; and to mve other
necessary mformation. This module covers two of the basics that are needed in
prepanng all types of techmical drawings. The major topics covered in this

module are hines and lettermg techmiques.

Lesson | 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 hines, etc.
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Lesson | Module 4 — Freehand skeiching
Frechand sketching is a method of making a drawing without the use of
mstruments except drawimg pen or pencil, It 18 one of the first steps m
commumicating ideas for a design and 1t 1s used n every step thereafter.

The learming activites covered in this module are;

. Sketching different types of lines and curves
. Sketching arcs, circles and semicircles,
. Orthographic, axonometnc, oblique and perspective sketching,

Lesson | Module 5 — Dimensioning and notation
The module covers in depth the fundamentals of dimensioning and
notation. The areas covered mclude: specifying the scale (measuring systems),
dimension elements, dimensioming features for size, dimensioning features for

position, rules for pood dimensioning and notes,

5.1.2 Lesson Two - Geometry

This topic discuss in detail the basic technique associated with geometnic
construction, which must be thoroughly mastered. The vanous procedures in
this are used in solving all drawing problems. The topic covers both the plane
and sohd geometry. It 15 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 1: ponts, lines, angles and tnangles
Module 2: arcs, circles and tangents
Module 3: quadrilaterals, polygons and areas of plane figures
Module 4: Toci part | (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)

Maodule 7: development

Module 8: intersections

Geometrical Construction
Geometry 18 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 1s very important to nearly everyone m 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 techmical student require a good knowledge of
geometrical construction to be able to apply it to the solution of technical
problems.
Creometrical construction 15 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, cireles and semi-
circles, ellipse, angles, simple triangles etc

Solid Geometry: These are three-dimensional geometry with length breadth
and thickness. Examples are pyramuds, pnsms, cubes, cones, sphere, torus,

ovold, helices, etc.

283



Lesson 2 Module | - Points, lines, angles and triangles.

The basic techmigues associated with geometric construction must be
thoroughly mastered. The various procedures discussed in this module are used
i selving drawing problems in technical drawing. To be truly proficient m the
layout of both simple and complex drawimngs the student must know and fully
understand the many geometric construction use,

The areas covered in this module are points, lines, angles and tnangles

Lesson 2 Module 2 — Arcs, circles and tangents.

The major areas covered mm this module are circles, arcs and tangents,

Circles and arcs are geometric objects constructed with curved lines while
target 15 a hine or curve that touches the surface of an arc of circle at only one

pomt.

Lesson 2 Module 3-Ouadrilateral, polygons and areas of plane ligures.
The major topics covered in this module mclude quadnilaterals, polygons and
areas of plane figures, Quadnlaterals and polygons are geometric objects
enclosed with straight lines. At the end of this module students will be able 1o

- Define quadnlateral

- Define Polygon

- List the different types of guadnlaterals and polvgons

- Construct different types of quadrilaterals and polygons.

- Enlarge or reduce plane figures in a given ratio.
Lesson 2 module 4 - (loci part 1) ellipse, parabola and hyperbola

Locus (smgular) 15 the path traced by a pomt, which 13 poverned by

certam laws or rules.

284



passes through a right circular cone. These shapes are ellipse, parabola and

hyperbola, They are geometnc curves used in drafting.

Lesson 2 Module 5-Loci Part 11: Cycloid, hypocycloid, epicycloids involutes
curves and archimedean spiral.

The major areas covered in this module are cycloid, hypocyclod,
Epicycloids  involutes  curves and  Archimedean spiral. The cyclod
Hypocyeloid, epicycloids and involutes curves are the basic forms used for gear
teeth while the Archimedean spiral 15 used in the design of cams 1o change

umiform motion into uniform reciprocal (straight hine) motion.

Lesson 2 module 6-Loci Part 111: Link mechanism and helix

In machine designs link mechanism have a very wide application
especially n machines with a reciprocating action such as automobile engines
like motorcycle, motorcars, e.t.c. m the design of mechamism, it is mmportant 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 15 an example of hink
mechamsm,

A helix 15 the locus of a pomt moving around the circumference of a
cylinder at a uniform rate while moving parallel to the axis at a uniform rate.
A helix 15 a three-dimensional figure. A helix may be right handed or lefi-
handed. Application: Typical application of helix are springs, blot and screw
thread, gears {worm or helical), cylindncal cams, flutes on dnlls, 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 mn a single flat plane in
readiness for folding to a desired shape. Surface development 1s applied mn
many engineering products such as boxes, buckets, air conditiomng duct, funnel
or hopper, ete,
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 ohjects join or pass through each other. Intersections are common m the
engineering and related fields. For instance in the automotive and aerospace
industries, a lot of design works such as panel, body section, wings, etc.
mvolves vanous mtersections, which must be correctly defined. The design and
specification of buildings require architects and engineers to define the
intersection of surtaces,

This module covers the two types of surfaces involved in intersections,
The various methods of drawing the curve of intersections for different objects

were outhned,

286



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. Therelore, the study was able to solve these problems
by developing a technical drawing sofiware T.D.BASICS. The T.D.BASICS
developed became a veritable tool (instructional matenial) for the teaching of
the subject. The modular approach, interactive procedures and graduated test
will promote easy leaming of the subject matter. The approach adopted is sound
and il 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 sohd geometry has been produced, which if properly assimlated will
give on excellent knowledge of the subject. The course has been planned and
programmed m a logical sequence and the diagrams have been kept as sunple 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 lmitation of the study 1s the lack
of audio.

Generally, withun the scope of the study T.D.BASICS 15 and effective

software for the teaching and learning of technical drawing.
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6.2

1a)

(b)

()

(d)

(e)

()

(2)

Recommendations

Based on the result of this study the recommendation below become
necessary:

For the giant result achieved though this research work to materialize, a
lot of efforts and resources both material and financial must be put n
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 vanous authonties 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,

Schools and Parents should acquire the sofiware for the traming 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.

Government (State and Federal) should intensity their efforts in the on
gomg rural electnfication projects so that secondary schools in these
areas can make maximum use of the solt ware.

Techmcal drawing should be made compulsory for all science students in
the secondary schools and a prerequsite for admission mito any
Engineering course either in the p;:rlyler:.lmic OF university.

Exammation bodies like JAMB should introduce technical drawing in
their Examinations.

T.D.BASICS 15 recommended for use m our vanous technical tramming
mstitutes across the country.

The software is also recommended for traming and research purposes in

higher institutions across the country.
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(h)

(1)

(k)

The resulting software 15 recommended for commercialization so that the
feed back from the users can help in identifving hidden himitation of the
work for improvement.

Computer Traming programs should be organtzed for Techmical drawing
teachers (who will in turn tram the students) on regular basis.

[here should be welfare package (special allowance) on a continuous
basis for the techmcal teachers so as to encourage them n the discharge
ot therr duties effectively,

Further research work should be carmied out to cover other areas ot
techmcal drawing such as Engimeering drawing (Mechamcal drawing and
related technology)

Finally, Experts in the vanous Fields of Techmical Education mcluding
our Engineers should Emulate the examples of the scientists in camrying
out more research in the developmem of appropriate had- ware / software
for the teaching and learning of technical education m our vanous
secondary schools, rather than relying on reproducing the existing hard

Warcs.
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Global nest As Integer
Global ¢ As Integer

Public Sub dallow(frm As Form)

If frm. Ibldetc Caption = 3 Then

MsgBox (" You have made three tnals without success. you should go and learn the
module again. Best of luck in your study®), vbInformation, "TDware Notification”
Sop

Elsa

Exat Sub

End If

Srop

End Sub

Sub LoadCommandlmages(frm As Form)

‘On Error Resume Next

‘frm CmdFirst. Picture = LoadPicture{ App Path & "\first ico")
'‘frm.cmdLast Picture = LoadPicture{App.Path & "\Last.ico")
trm.cmdPrev._Picture = LoadPicture{ App Path & "\first.ico")

frm, CmdNext Picture = LoadPicture{ App. Path & "\last.ico")
End Sub

Private Sub Command2 Click()
Unload Me

Me Hide

frmods. Show

End Sub

Private Sub Form_Load()

Me. Height = 5655

Me Width = 5475

Me Move (Screen Width - Me Width) / 2, (Screen Height - Me Height) / 2
With embl |

.Addltem "Points and lines"

Addltem "Bisecting lines"

Addltem "Construction of perpendicular lines"
Addltem "Construction of parallel lines"

Addltem "Dividing a line into a given number of part”
.Addltem "Angles and triangles”

Addltem "Construction of angles"

-Addltem "Bisecting of angles"

AddlItem "Construction of triangles”

End With

End Sub

Private Sub Label2_Click()

frmply]1 RTB FileName = App Path & "2model‘\obj "
frmply1. Show

End Sub
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Private Sub Command2_Click()
Unload Me

Me Hide

fim2 1. Show

End Sub

Private Sub Form_Load()
Me Height = 5655
Me Width = 5475
Me Move (Screen Width - Me Width) / 2, (Screen Height - Me Height) /2
With cmb11
Addltem "Quaudrilaterals”
Addliem "Polygons”
_Additem "Area of figures"
Additem "Enlargement and reduction of plane figures”
End With
End Sub

Private Sub cmdnextm_Chick()
Unload Me

frm24. Show

frmply3 Hide

Me Hide

End Sub

Private Sub emdtut Click()
Unload Me

Unload fimass23

frmass23 Show

detc =1
frmass23.Ibldetc.Caption = det¢
frmply3 Hide

Me Hide

End Sub

Private Sub Label2 Chick()

frmply3 RTB FileName = App Path & "2moded\obj rif"
frmply3. Show

End Sub

Private Sub cmbl1_Chek()

With cmbl1

frmply4 RTB._Refresh

If cmb11.Text = "Ellipse” Then

frmply4. RTB. FileName = App.Path & "2moded'ellipse.rif"
frmply4 framellipse. Visible = True

Elself cmb11. Text = "Parabola” Then
frmplyd RTB FileName = App Path & "\Zmoded‘parabola rif”
frmply4 trmpara Visible = True

Elself cmb11. Text = "Hyperbola” Then
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frmply4 RTB. FileName = App.Path & "2moded\hyperbola rtf”
frmply4. framehyper. Visible = True

End If

End With

Me Hide

frmply4 Show

End Sub

Private Sub cmdnextm_Click()
Unload Me

frem25. Show

frmply4 Hide

boie Heide

End Sub

Private Sub emdtut_Click()
Unload Me

Unload frmass24

frmass24, Show

detc = |

frmass24.Ibldete Caption = dete
frmply4 Hide

Me Hide

End Sub

Private Sub Command1_Click()

frmply4 RTB Refresh

frmply4 RTB FileName = App.Path & "2moded\\conics nf"
frmplyd. Show

End Sub

Priviate Sub Command2_Click{ )
I loilanmal Bdan

M, Hide

21 Slhavw

End Sub

Frovate Sub Conmamdd_Chokd )
Unload Me

Bl 1 Lids

End Sub

Private Sub Form Load()

Belee Dlemgabap 5SS

helue, Wikl — 5405

PAe BAssvn { Seveen Wilil Be Waadthy /7 Seeewns Ploggdan B e Bleagsling £
Wkl wande] |
AdidTtem "Ellipse”
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Addltem "Parabola®
Addltem "Hyperbola®
End With

End Sub

Private Sub Label2 Click()

frmply4 RTB. Refresh

frmply4 RTB FileName = App Path & "\2moded'\oby rif"
frmply4. Show

End Sub

Private Sub cmb11_Chick()

With cmbl

frmply 5. RTB. Refresh

If cmb11.Text = "Cycloid" Then

frmplys RTB FileName = App.Path & "\2modeS\cyclordeon. nf”
Elself embl1 Text = "Hypocycloid" Then
frmply5. RTB FileName = App.Path & "2mode5\hypocon rif”
Elself cmb11 Text = "Epycyclowd” Then
frmplyS RTB FileName = App.Path & "2ZmodeS\epycon nf”
Elself cmbl 1. Text = "Helix™ Then

frmply3 RTB FileName = App.Path & "\2modet\helixcon. rif”
‘frmply3.CmdNext. Visible = True

Elself cmbl | Text = "Involute curves” Then
frmply5 RTB FileName = App Path & "2mode5'cyinvolute rit”
frmplys Command 1 Visible = True: frmphyS Command? YVisible = True-
frmply5. Command3 Visible = True

Elself cmb1 Text = * Archimedian spiral® Then
frmply5 RTB FileName = App.Path & “2modeSspiralcon rntf”
Elself cmbl 1 Text = "Link mechanism" Then
frmply5 RTB. FileName = App Path & "2Zmodet\ink. rtf"
frmply3. Commandd. Visible = True: frmply5.Command5 Visible = True
End If

End With

Me Hide

frmply5 . Show

End Sub

Private Sub Command ] Click()
Unload Me

Me_ Hide

End Sub

Private Sub Command2 Click()
Linload Me

Me. Hide

frm24 Show
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B Sub

Private Sub Framel_Click()

frmply5.RTB. Refresh ‘
frmply5 RTB FileName = App Path & “\2mode5\The cycloid. rf”
frmply3 Show

End Sub

Private Sub Labell Click()

froply 5. RTB Refresh

frmplyS RTB FileName = App.Path & "2mode5\The cycloid rtf™
frmply 5. Show

End Sub

Private Sub emdnextm_Click()
Unload Me

frm26.Show

frmply5 Hide

Me Hide

End Sub

Private Sub emdtut_ Click()
Unload Me

Unload frmass25

frmass2 5 Show

detc=1
frmass2 5. Ibldetc. Caption = detc
frmply5. Hide

Me Hide

End Sub

Private Sub Form_Load()

Me Height = 5655

Me Width = 5475

Me. Move (Screen, Width - Me Width) / 2, (Screen Height - Me Height) / 2
With cmbl 1

Addltem " Cycloid”

Addltem "Hypocycloid®
Addltem "Epicycloid”
Addltem "Involute curves”
Addltem " Archimedian spiral"
Addltem "Helix"

AddItem "Link mechanism"
End With

End Sub

Private Sub Labeld Click()
frmply5.RTB. Refresh
frmply5. RTB FileName = App.Path & "ZmodeS\oby rnt”
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frmply 5. Show
End Sub

Private Sub cmbl1_Click()

With embl1

trmply6. RTB. Refresh

If cmbl1.Text = "Square prism™ Then

frmply6 RTB. FileName = App Path & "2modeT\devsquare rtf"
Elself cmbl] Text = "Cylinder” Then

rmplys. RTB FileName = App.Path & "2modeT\deveylinder nt™
frmplyS. CmdNext. Visible = True

‘Eizelf emb1 1. Text = "*0Oblique cylinder™ Then
"frmply6. RTB FileName = App. Path & "2modeT\area.rf™

Elself emb1 1. Text = "Pyramid" Then

frmplys RTB FileName = App Path & "'2modeTdevpyra. rf”
Elself cmb11.Text = "Cone" Then

frmplye RTB FileName = App.Path & "2modeTconedey rti™
frmplys Command 1. Visible = True: frmply6 Command$ Visible = True
'Elself cmb11.Text = "Obligue cylinder™ Then

‘frmply6, RTB FileName = App.Path & "2mode Narea nf™
‘Elself cmbl |. Text = "Pyramid™ Then

‘frmplyt RTB, FileName = App.Path & "2modeTargered rif”
Elself cmb11 Text = "Triangulation” Then
frmply6. RTB FileName = App_ Path & "2modeTuriangulation. ref"
End If

End With

Me Hide

frmply6. Show

End Sub

Private Sub cmdnextm_Click()
Unload Me

frim27 Show

frmply5 Hide

Me Hide

End Sub

Private Sub cmdnextm_Click{)
"Unload Me

'frm22 Show

'frmply | Hide

'Me.Hide

'End Sub

Private Sub emdtut Click()
Unload Me

Unload frmass26

frmass26. Show

deto= |

frmass26.lbldetc. Caption = detc

25919



frmply6 Hide
Me Hide
End Sub

Private Sub Command]l_Click()
frmplyt. RTB Refresh
frmply6 RTB FileName = App.Path & "ZmodeT\development nif”

frmply6. Show
End Sub

Private Sub Command2 Click()
Unload Me

Me Hide

frm25 Show

End Sub

Private Sub Command3_Click()
Unload Me

Me Hide

End Sub

Private Sub Form_Load()

Me Height = 5655

Me Width = 5475

Me Move {Screen. Width - Me Width) / 2, (Screen Height - Me Height) / 2
With cmb11

Addltem "Square prism”
JAddltem "Cylinder”

" Addltemn "Oblique cylinder”
.Addltem "Pyramid"

Addltem "Cone"

' AddItem "Truncated nght cone®
" Addltem "Obligue cone”
Addltem "Triangulation”

End With

End Sub

Private Sub Label2 Click()

frmplyé RTB Refresh

frmply6 RTB FileName = App Path & "2modet\obj rif"
frmply5. Show

End Sub

Private Sub emdtut_ Chck()
MsgBox "No Tutonal"

End Sub

Private Sub Command|_ Click()
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frmply7. RTB FileName = App Path & "2mode8\IN TERSECTIONS rtf™
frmphy7. Show

e Hide

End Sub

Private Sub Command2 Click()
Unload Me

Me Hide

frm26. Show

End Sub

Private Sub Command3 _Click()
Unload MMe
Me Hide

End Sub

Private Sub Commandd Click()
Me. Hide
frmply7 RTB FileName = App Path & "2mode8\inter rif"

frmply 7. Show
End Sub

Private Sub Form Load()

Me Height = 3660

Me Width = 4650

Me Move (Screen, Width - Me Width) / 2. (Screen, Height - Me Haight) /7 2

End Sub

Private Sub Form_Load()
Me. Move (Screen Width - Me Width) / 2, (Screen Height - Me Height} / 2
Me Height = 9345
Me Width = 10530
'RTB FileName = App.Path & "activity | 93.nf"
End Sub
Sub checkwatdid()
If UCase(Text] Text) = "C" Then
Textl Text="¢"
Else
Textl. Text =""
End If
If UCase{Text2 Text) = "B" Then
TextZ Text = "b"
Elze
Text2. Text =""
End If
If UCase{Text3 Text) = "A" Then
Text3. Text="p"
Else
Text3 . Text=""
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End If
If UCase{Text4. Text) = "B" Then
Textd Text = "b"
Else
Textd, Text = ""
End If
If UCase{Text5 Text) = "A" Then
Text5 Text = "a"
Else
Text5 Text=""
End If
If UCase({Textt. Text) = "D" Then
Texts, Text = "d"
Else
Texth Text=""
End If
If UCase{Text7.Text) = "C" Then
Text? Text = "¢"
Else
TextT Text ="
End If
If UCase{Text8 Text) = "D" Then
Text8. Text = "d"
Else
Textd Text ="
End If
If UCase({ Text9 Text) = A" Then
Text? Text = "a"
Else
Text? Text =""
End If
If UCase(Text10. Text) = "B* Then
Text10. Text = "b"
Else
Text10.Text=""
End If
If UCase(Text11 Text) = "A" Then
Textl] Text = "a"
Else
Textl ). Text=""
End It
If UCase{Text12.Text) = “B* Then
Text12. Text = "b"
Else
Text12.Text=""
End If
If UCase(Text13. Text) = "B" Then
Text]13. Text = "b"
Else
Text13 Text=""
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End If
If UCase{Text14 Text) = "B" Then
Text14. Text = "b"
Else
Textld Text=""
End If
If UCase{Text15. Text) = "A" Then
Text]15 Text = "a"
Else
Text15. Text=""
End If
End Sub

Private Sub CmdNext Click()
Me Hide
FrmLessonOneModule3 Show
End Sub

Private Sub cmdPrev_Click()
Me Hide
FrmActivity22 Show

End Sub

Private Sub cmdswme_Click()

checkwatdid

cmdswme. Visible = False ‘
MsuzBox (* The question(s) whom/whose answer box are empty are those y'uulrmﬁsed.
You should try and attempt them again.”) ', vbinformation, "TDware Notification”
End Sub

Private Sub Command1_Click()
detce = [bldetc.Caption
frmmsg.bldetc Caption = detcc
If UCase({Text].Text) = "D" Then
a=1
Else
a=10
End If
If UCase{Text2 Text) = "D" Then
== |
Elze
b=10
End If
If UCase(Text3. Text) = "D" Then
g=73
Else
c=10
End If
If UCase(Textd Text)="A" Then
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g=1
Else
e=1
End If
If UCase{Text5. Text) = "C" Then
f=1
Else
f=0
End Il
If UCase({ Text6. Text) = "C" Then
g=1
Else
g==0
End It
If UCase(Text7 Text) = "D" Then
h=1
Else
h=0
End If
If UCase(Tex18 Text) = "B" Then
1=1
Else
=0
End If
Tot=a+b+c+e+f+g+h+i
pec=(Tot/8)* 100
pect = Clnt{pec)
Textl6 Text = pect
Unload Me
frmmsg Text 16 = pect & %"
frmmsg, Ibitest. Caption = 12
Me Hide
frmmsg. Show

End Sub
Sub checkwatdid()
If UCase{Text].Text) = "D" Then
Textl. Text = "d"*
Else
Text] . Text = ™"
End If
If UCase{Text2. Text) = "D" Then
Text2 Text ="d"
Else
Text2 Text ="
End If
If UCase{Text3 Text) = "D" Then
Texi3. Text ="d"
Elzse
Fext? Tty w B
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End If
If UCase{ Textd. Text) = "A" Then
Text4. Text = "a"
Elze
Textd Text =""
End If
If UCase{Text5 Text) = "C" Then
Texts Text = "¢"
Else
Text5. Text=""
End If
If UCase{ Textd Text) = "C" Then
Textt. Text = "¢"
Else
Textd Text ="
End It
If UCase{Text7.Text) = "D" Then
Text? Text = "d"”
Else
Text? Text=""
End If
If UCase(Text8 Text) = "B" Then
Text8, Text ="b"
Else
TextB. Text =""
End If
End Sub

Private Sub Form_Load() .

Me Move {Screen Width - Me Width) / 2, (Screen Height - Me Height) / 2
Me Height = 7230

Me. Width = 10875

'RTB FileName = App Path & "assessmentZ rif”

End Sub

Private Sub CmdNext_Click()
Me Hide

FrmlLessonDnebloduled. Show
End Sub

Private Sub cmdPrev Click()
Me Hide
FrmActivity36. Show

End Sub

Private Sub cmdswme Click()
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.") ', vbinformation, "TDware Notification”
End Sub

Private Sub Command1_Click{)
detce = |bldete. Caption
frmmsg Ibldete. Caption = detec
If UCase({Text] Text) = "A" Then
a=|
Else
a=0
End If
If UCase{Text2 Text) = "D" Then
b=
Else
b=0
End If
If UCase({Text3 Text) = "B" Then
c=1
Eise
c=0
End If
If UCase{ Textd Text) = "D" Then
e |
Else
gm=()
End If
If UCase(Text5 Text) = "A" Then
f= ]
Else
f=10
End If
If UCase{Text6.Text) = "D" Then
g=1
Else
g=0
End If
If UCase{Text7 Text) = "B" Then
h=1
Else
h=0
End If
If UCase{Text8 Text) = “D" Then
i=1
Else
1=1
End If
If UCase{Text9.Text) = "C" Then
1=1



Else
=0
End If
If UCase{Text10.Text) = "C" Then
k=1
Else
k=0
End If
If UCase{Text]1.Text) = "A" Then
b=
Else
1=0
End If
[f UCase{Text12 Text) = "D" Then
m=1
Else
m=10
End 1f
If UCase(Text13 Text) = "D" Then
n=]
Else
n=0
End If
If UCase{Text14 Text) = "A" Then
p=1
Else
p=40
End It
Tot=a+b+ct+te+f+g+h+itj+k+l+m+n+p
pec ={Tot/ 14) * 100
pect = Clnt(pec)
Textl6. Text = pect
Unload Me
frmmsg. Text16 = pect & "%"
frmmsg. bltest. Caption = 13
Me Hide -
frmmsg Show
End Sub

Private Sub Command2_Click()

frmassup RTB Refresh

frmassup RTB FileName = App Path & "ass\\french.rtf"
frmassup. Show

End Sub

Private Sub Form_Load()

Me Move (Screen Width - Me. Width) / 2, (Screen Height - Me Height) / 2

"RTB FileName = App.Path & "\Assessment3 rif”
End Sub
Sub checlowatdid()
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I UCase(Text) Text) = "A" Then
Text] Text ="a"
Else
Text] Text =""
End If
If UCase( Text2 Text) = "D" Then
Text2 Text = "d"
Else
Text2. Text =""
End If
If UCase({Text3 Text) = "B" Then
Text3. Text = "b"
Else
Textd Text = ™
End If
If UCase{ Textd Text) = "D Then
Textd Text ="d"
Else
Textd Text =™
End It
If UCase({Text5 Text) = "A" Then
Texts Text="a"
Else
Texts Text=""
End If
If UCase({ Text6, Text) = "D" Then
Text6. Text = "d"

Else
Textt Text ="~
End If
If UCase(Text? Text)="B" Then
Text7. Text = "b"
Else
Text7 Text =""
End If

If UCase( Text®, Text) = "D" Then
Textd Text = "d"
Else
Text3 Text=""
End If
If UCase| Text9 Text) = "C" Then
Text?. Text = "c*
Else
Textd Text=""
End If
If UCase{ Text10, Text) = "C" Then
Text10. Text ="c"
Else
Text10. Text ="
End If
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If UCase(Text1 1. Text) = "A" Then
Text]1.Text = "a"
Else
Text1]. Text=""
End If
[f UCase({Text12. Text) = "D" Then
Text12 Text = "d"
Else
Textl2.Text=""
End If
If UCase{Text13 Text) = "D" Then
Text13. Text = "d"
Else
Text!3. Text=""
End If
[f UCase{Texti4. Text) = "A" Then
Text1d Text = "a"
Else
Textld. Text=""
End If
End Sub

Private Sub CmdNext_Click()
Me Hide

FrmLessonOnedModuled Show
End Sub

Private Sub ecmdPrev Click()
Me Hide

FrmActivity44 Show

End Sub

Private Sub emdswme Click()

checkwatdid

cmdswme. Visible = False

MsgBox (" The gquestion(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|_Chek()
detce = Ibldetc. Caption
frmmsg, Ibldetc. Caption = detce
If UCase{Text]. Text) = "D" Then
a=1
Else
a=i
End If

a04%



If UCase{Text2. Text) = "C" Then
b=1
Else
b=0
End If
[f UCase{Textd Text) = "A" Then
c=1
Elze
o =0
End It
If UCase(Text4 Text) = "C" Then
i |
Else
e=0
End If
If UCase({Text5. Text) = "D" Then
f=]
Else
f=10
End If
If UCase{Textd. Text) = "B" Then
g=1
Else
g= [
End If
If UCase{Text7.Text) = "D" Then
h=1
Else
h=0
End If
If UCase(Text8 Text) ="D" Then
i=1
Else
1=10
End If
If UCase{Text9 Text) = "B" Then
3=
Else
j=0
End If
If UCase{Text10.Text) = "C" Then
k=1
Else
k=0
End If
If UCase(Text11, Text) = "B" Then
=1
Else
=0
End If



I UCase{ Text12.Text) = "C" Then
m=1
Else
m=10
End If
If UCase{ Text13. Text) = "C" Then
=1
Else
n=_0
End If
If UCase(Text14. Text) = "B" Then
p=1
Else
p=0
End If
If UCase{Text15 Text) ="A" Then
q=1
Else
g=0
End If
If UCase{Text17. Text) = "A" Then
r=1
Else
r=4
End If
Tot=a+b+ct+te+f+g+htitj+tk+l+m+n+ptgtr
pec = (Tot / 16) * 100
pect = Clnt{pec)
Textlb. Text = pect
Unload Me
frmmsg Text16 = pect & "%"
frmmsg. [bltest. Caption = 14
Me Hide
frmmsg. Show
End Sub

Private Sub Form_Load()
Me Move (Screen Width - Me Width) / 2, (Screen Height - Me Height) / 2
Me Heaght = 10620
Me Widith = 10965
'RTB FileName = App.Path & "\Assessment4.rif"
End Sub
Sub checkowatdid()
If UCase{Text].Text) = "D" Then

Text]. Text = "d"

Else

Text] Text=""
End If
[f UCase{Text2 Text) = "C" Then

Text2 Text = “¢"
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Else
Text2 Text=""
End If
IfUCase({Text3 Text) = "A" Then
Textd Text = 1"
Elze
Text3 Text ="
End If
If UCase{Text4. Text) = "C" Then
Textd Text = "¢”
Else
Textd. Text =
End If
If UCase{Text5. Text) = "D" Then
Texts Text="d"
Else
Teot5. Text = "7
End If
If UCase{Text6. Text) = "B" Then
Text6. Text = "b"
Else
Texth Text =""
End If
If UCase{Text7 Text) = "D" Then
TextT.Text ="d"
Else
Tmﬁr Tm L
End If
If UCase{ TextB. Text) = "D" Then
Texts. Text = "d"
Else
Textd Text =""
End If
If UCase{ Text® Text) = "B" Then
Texte. Text = "b"
Else
Text9. Text = "~
End If
If UCase{Text10. Text) = "C" Then
Text10. Text = "¢"
Else
Text10. Text=""
End If
If UCase{Textl1.Text)="B" Then
Text11.Text = "b"
Else
Texti].Text=""
End If
If UCase(Text12. Text) = "C" Then
Text12. Text = “¢”



Else
Text12 Text = ""
End If
If UCase{Text13 Text) = "C" Then
Text]3d Text = “¢"
Else
Text]3 . Text=""
End If
If UCase{Text14. Text) = "B" Then
Text14 Text = *b"
Else
Text14. Text ="
End If
If UCase{Text]5 Text) = "A" Then
Text]5. Text = "a"
Else
Text1s Text=""
End If
If UCase{Text17. Text) = "A" Then
Textl7 Text = "a"
Else
Text17 Text = ""
End If
End Sub

Private Sub CmdNext_Click()
Me Hide

FrmActivity196. Show

End Sub

Private Sub emdPrev Click()
Me Hide

FrActivity 193 Show

End Sub

Private Sub cmdswmeChick()
checkwatdid
cmdswme. Visible = False
MsgBox (" The question(s) whom/whose answer box are empty are those you missed
;ﬂé: ;hzuid try and attempt them again ") *, vbinformation, "TDware Notification”
u

Private Sub Command1_Click()
detcc = Ibldetc, Caption
frmmsg. [bldetc. Caption = detce
If UCase({Text] Text) = "B" Then
a=|

Else

a=0
End If
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If UCase(Text2. Text) = "C" Then
b=1]
Else
b=10
End If
If UCase({Text3 . Text) = "B" Then
c=1
Else
c=10
End If
If UCase{Text4 Text) = "B" Then
e=1
Else
g=10
End If
If UCase({Text5 Text) = "C" Then
f=1
Else
f=0
End If
If UCase{ Textt Text) = "D" Then
g=1
Else
g=10
End If
If UCase(Text? Text) = "B" Then
h=1
Else
h=10
End If
If UCase{Tex18 Text) = "C" Then
1=
Elze
i=0
End If
If UCase{Text9 Text)="A" Then
=1
Else
f= i)
End If
If UCase{Text10.Text) = "C" Then
k=1
Else
k=10
End If
Tot=a+b+c+e+f+g+th+i+j+k
pec={Tot/ 10) * 100
pect = Clnt{pec)
Text16. Text = pect
Unload Me
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frmmse. Text16 = pect & "%"
frmmsg. Ibltest. Caption = 15
Me Hide

frmmsg. Show

End Sub

Private Sub Form_Load()

Me.Height = 8115

We Width = 10545 _ _

Me Move (Screen Width - Me Width) / 2, (Screen Height - Me Height) / 2
'RTB FileName = App Path & "activity194 nf”

End Sub

Sub checkwatdid()
If UCase(Textl Text) = "B" Then
Textl Text ="b"
Elzse
Text] Text=""
End If
If UCase{Text2 Text) = "C" Then
Texut2 Text = "c”
Else
Text2 Text=""
End If
If UCase({Text3 Text) = "B" Then
Text3. Text = "b"
Else
Textd Text=""
End If
If UCase{ Text4 Text) = "B" Then
Texid Text = "b"
Else
Textd Text=""
End IF
If UCase( Text5. Text) = "C" Then
Text5. Text = "¢"
Else
Text5 Text =""
End If
If UCase{Textéd Text) = "D" Then
Texta. Text = "d"
Elsze
Textd Text = =~
End If
If UCase{Text7 Text) = "B" Then
Text7.Text ="b"
Else
Text? Text ="
End If
If UCase{Text8 Text) = "C" Then
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TextB Text = “c"
Else
TextB Text ="
End If
If UCase{Text? Text) = "A" Then
Text® Text = “a"
Elze
TextD. Text = =%
End If
If UCase{Text10. Text) = "C" Then
Text10.Text = "¢"
Else
Text10. Texa =""
End If
End Sub

Private Sub CmdNext_Click()
Me Hide

FrmActivity 197 Show

End Sub

Private Sub cmdPrev_Click()
Me Hide

FronActivity [95 Show

End Sub

Private Sub emdswme Click()

checlkwatdid

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 Motification®
End Sub

Private Sub Command1_Chek()
detce = Ibldete.Caption
frmmsg Ibldetc. Caption = detcc
If UCase{Textl.Text) = "D" Then
=]
Else
a=0
End If
If UCase{Text2. Text) = "A" Then
b=1
Else
b=0
End If
If UCase{Text3 Text) = "C" Then
=1
Else
oom )
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End If
If UCase({Textd. Text) = "D" Then
[ 5= |
Else
g=1[]
End If
If UCase{ Text5. Text) = "C" Then
f=1
Else
f=0D
End If
If UCase({Text6. Text) = "B" Then
g=1
Else
g=0
End 1t
Tot=a+b+c+te+f+pg
pec=(Tot /&) * 100
pect = Clnt{pec)
Text16. Text = pect
Unload Me
frmmsg Text16 = pect & "%"
frmmsg |bltest. Caption = 21
Me Hide
frmmsg. Show
End Sub

Private Sub Form_Load()
Me Move (Screen. Width - Me Width) / 2, (Screen Height - Me Height )}/ 2
Me Height = 5850
Me Width = 10500
'RTB FileName = App.Path & "activity 196.rtf"
End Sub
Sub checkwatdid()
If UCase{Text] Text) ="D" Then
Text]. Text = "d"
Else
Text] Text ==~
End If
If UCase{Text2. Text) = "A" Then
Text2. Text ="a"
Else
Text2. Text =""
End If
If UCase(Text3 Text) = *C" Then
Textd. Text ="g"
Else
Texti. Text=""
End If
If UCase{ Text4. Text) = D" Then
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Text4. Text = "d*
Else
Textd Text =""
End It
[F U asel Textd, Text) = "C" Then
Taxt5. Text ="¢’
Elza
Text5. Text=""
End If
If UCase(Texi6. Text) = “B" Then
Texts, Text = "b"
Else
Textt Taxt =""
End It
End Sub

Private Sub CmdMext_Click()
Me Hide

FrmAssessment | Show

End Sub

Private Sub emdPrev Click()
Me Hide

FrmActivity 195 Show

End Sub

Private Sub emdswme Click()

checkwatdid

cmdswme Visible = False

MsgBox (" The question(s) whom/whose answer box are empty are those vou missed.
¥ou should try and attempt them again.*) ', vblnformation, "TDware Notification”
End Sub

Private Sub Commandl_Click()
detce = Ibldetc Caption
frmmsg Ibldetc. Caption = detcc
If UCase{Text|. Text) = "C" Then
a=1
Else
a=4a
End I
If UCase{Text2 Text) = "B® Then
b=
Else
b=
End If
If UCase(Text3d Text) = "D" Then
=
Else
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c=({
End IF
If UCase{Textd Text) = "A" Then
g=1
Else

e=10
End i

If UCase{Text5. Text) = "D" Then
f=1
Elsze
f=0
End If
If UCase(Text6 Text) = "D" Then
g=1
Else
g=10
End If
Tot=a+b+c+e+f+g
pec = (Tot (6} * 100
pect = Clnt(pec)
Textlo. Text = pect
Unload Me
frmmsg, Text16 = pect & %"
frmmsg. Ibltest Caption = 22
Me Hide
frmmsg Show
End Sub

Private Sub Form_Load()

Me Move {Screen. Width - Me Width) / 2, (Screen. Height - Me Height) / 2
Me. Height = 6315

Me Width = 10545

'RTB FileName = App Path & "activity 197 rif"

End Sub

Sub checkwardid()
If UCase(Text].Text) = "C" Then
Text] Text = "¢
Else
Text]l Text=""
End If
If UCase{Text2. Text) = "B" Then
Text2. Text = "b"
Else

Text2 Text=""
End If
If UCase{Text3 Text) = "D" Then
Text3 Text ="d”
Else
Text3 Text = ==
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End If
If UCase{Text4. Text) = "A" Then
Textd Text = "a"
Else
Textd Text=""
End If
If UCase( Text5 Text) = "I Then
Texts. et ="
Else
Text5. Text=""
End If
If UCase{ Text5. Text) = "D" Then
Textt Text ="d"
Else
Texib Text=""
End If
End Sub

Private Sub CmdNext_Click()
Me Hide
FrmActivity22. Show

End Sub

Private Sub cmdPrev Chick()
rMe Hide
FrmLessonOneModule. Show
End Sub

Private Sub cmdswme Click()

checkwatdid

emdswme Visible = False

MseBox (" The question(s) whom/whose answer box are empty are those you missed
¥ ou should try and attempt them again.") ', vbinformation, *TDware Notification”
End Sub

Private Sub Command!_Click()
detee = lbldetc Caption
frmmsg lbldetc Caption = detce
If UCase(Text1l.Text) = "C" Then
a=|
Else
a=10
End If
If UCase{Text2. Text) = "B" Then
b=1
Else
b=40
End If
It UCase{Text3. Text) = "B" Then
=]
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Else
c=1
End If
If UCase{Textd. Text) = "B" Then
g=1
Else
g= ]
End If
If UCase(Text5 Text) = "D" Then
f=1
Else
f=0
End If
If UCase{Text6 Text) = "C" Then
g=1
Else
g=0
End If
If UCase{Text7. Text) = "A" Then
h=1
Else
h=0
End If
If UCase{Text8. Text) = "C" Then
i=1
Else
1=0)
End If
If UCase{Text9 Text) = "A" Then
=1
Else
ji=0
End If
If UCase{Text10.Text) = "D" Then
k=1
Else
k=0
End If
Tot=atb+c+e+f+g+h+i+)+k
pec=(Tot/ 10) * 100
pect = Clnt{pec)
Text16. Text = pect
Unload Me
frmmse. Text16 = pect & "%"
frmmsg. |bltest. Caption = 23
Me Hide
frmmsg Show
End Sub

Private Sub Form_Load()
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Me Move (Screen. Width - Me Width) / 2, (Screen Height - Me Height) /£ 2
Me Height = 6315
Me Width = 10545
'RTB. FileName = App.Path & "activity2 | rif"
End Sub
Sub checkwatdid()
If UCase{Text] Text) = "C" Then
Text] Taxt = "¢"
Else
Textl Text=""
End If
If UCase(Text2 Text) = "B" Then
Text2 Text = "hb"
Else
Text2 Text=""
End If
If UCase{ Text3 Text) = "B® Then
Textd Text = "h"
Else
Text3. Taxt = ="
End If
If UCase(Text4. Text) = "B" Then
Textd Text = "b"
Elze
Textd Text ="
End If
If UCase({Text5. Text) = "D" Then
Texts Text = "d"
Else
Texts Text=""
End If
If UCase{Texts Text) = "C" Then
Texia Text = "g"
Else
Texto Text=""
End If
IfUCase{Text7 Text)="A" Then
Text7.Text = "a"
Else
TextT.Text = "
End If
If UCase{Text8 Text) = "C" Then
Text8 Text = "c"
Else
TextB. Text = **
End If
It UCase(Text? Text) = "A" Then
Textd Text ="a"
Else
Text® Text=""
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End If
If UCase{Text10.Text) = "D" Then
Text10. Text = "d"
Else
Text10.Text=""
End If
End Sub

Private Sub CmdNext Click()
Me Hide
RMASSESSMENT2 Show
End Sub

Private Sub cmdPrev Click()
Me Hide
FrmActivity21.Show

End Sub

Private Sub cmdswme Chick()

checkwatdid

emdswme. Visible = False

MsgBox (" The question(s) whom/whose answer box are empty are those you missed.
You should try and attemnpt them again. ") ', vbinformation, *TDware Notification”
End Sub

Private Sub Commandl_Chick()
detcc = lbldetc. Caption
frmmsg. Ibldetc. Caption = detce
If UCase{Text] Text) = "B" Then
a=|
Else
a=[
End If
If UCase(Text2. Text) = "A" Then
b=1
Else
b=0
End If
If UCase{Text3 Text) = "B" Then
G=1
Else
c=0
End If
If UCase{Textd Text) = "D" Then
e=1
Else
e=10
End If
If UCase{Text5.Text) = "B* Then
f=1
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Else
fmQ
End If
If UCase(Texts Text) = "B" Then
g=1
Else
g=0
End It
If UCase{Text7 Text) = "B® Then
h=1
Else
h=10
End If
If UCase( Text8. Text) = "D" Then
i=1
Else
=0
End If
If UCase{Text9 Text) = "D" Then
i=1
Else
j=0
End If
If UCase{Text10. Text) = “D" Then
k=1
Else
k=0
End If
Tot=a+b+ctet+f+rg+h+i+j+k
pec = (Tot/ 10) * 100
pect = Clni{pec)
Text14.Text = pect
Unload Me
frmmsg. Text16 = pect & %"
frmmsg Ibltest Caption = 24
Me Hide
frmmsg Show
End Sub

Private Sub Command2_Click()
frmassup24 RTB Refresh
frmassup24 RTB FileName = App_Path & ™ass\\2-4-3 rif"
frmassup24_Show
End Sub
Sub checkwartdid()
If UCase{Text1.Text) = "B" Then

Textl. Text ="b"

Else

Text] . Text =""

End If
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If UCase(Text2. Text) = "A" Then

Text2. Text = "a"
Else
Text2 Text ="
End If

If UCase(Text3. Text) = "B" Then
Text3 Text = "h"
Elzse
Textd Text = ""
End If
If UCase{Text4. Text) = "D" Then
Textd Text = "d"
Else
Textd Text =""
End If
If UCase{ Text3 Text) = "B" Then
Texts Text = "b"
Else
Texts. Text=""
End If
If UCase{Text6. Text) = "B" Then
Textd Text = "h"
Else
Textd Text ="
End If
If UCase(Text7 Text) = "B" Then
TextT Text = "b"
Else
TextT Text=""
End If
If UCase(Texts Text) = "D" Then
Text? Text = "d"
Else
Teutd Text = "
End If
If UCaze( Text9 Text) = "D" Then
Text9. Text = "d"
Else
Text9 Text ="
End If
If UCase(Text 10 Text) = "D" Then
Text10. Text = "d"
Else
Text]10 Text=""
End If
End Sub

Private Sub Command3_Click()
frmassup24 RTB. Refresh
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[rmassup24 RTE FileName = App.Path & "\ass\\2-4-7 rtf"
frmassup24. Show
End Sub

Private Sub Form_Load()

Me Move ( Sereen Width - Me Width) / 2, (Screen Height - Me Heght) / 2
Me Height = 11235

Me Width = 10035

"Text] SetFocus

‘RTB FileName = App Path & "\activity22 rif”

End Sub

Private Sub CrmdNext_Chick()
Me Hide

FrmActivity34 Show

End Sub

Private Sub cmdPrev_Click()
Me Hide

FrmActivity3 1 Show

End Sub

Private Sub emdswme Click()

checkwatdid

cmdgwme. 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 Motification"
End Sub

Private Sub Command]_Chick()
detce = |bldetc. Caption
frmmsg Ibldetc. Caption = detce
If UCase{Text] Text) = "B" Then
a=1
Else
a=0
End If
If UCase{Text2 Text) = "D" Then
b=
Else
b=0
End If
If UCase(Text3 Text) = "D" Then
o=l
Else
c=10
End If
If UCase( Text4 Text) = "C" Then
]
Else
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e=0
End If
If UCase( Text5 Text) = "A" Then
f=1
Else
f=0
End If
If UCase( Textd. Text) = "D" Then
g=1
Else
g=10
End 1f
If UCase({ Text7 Text) = "B” Then
h=1
Else
h=10
End 1f
If UCase{ Text8 Text) = "C" Then
i=1]
Else
i=0
End If
If UCase{ Text9. Text) = "D Then
i=1
Else
3 =0
End If
If UCase{Text10. Text) = "D" Then
k=1
Else
k=0
End If
[FUCase{ Text1]1 Text) = "D Then
=}
Else
l=0
End If
If UCase{Text12 Text) = "D" Then
m= 1
Else
m=10
End If
If UCase{Text13 Text) = "A" Then

End If

If UCase{ Text14 Text) = "D" Then
p=1
Else
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p=_u
End If
If UCase{Text15 Text) ="B" Then
g=1
Else
g=0
End 1f
Tot=a+b+c+e+f+pt+h+itjrk+l+m+nt+tp+qg
pec = (Tot/ 15) ® 100
pect = Clnt{pec)
Text16.Text = pect
Unload Me
frmmsg Text16 = pect & "%°
frmmsg Ibltest. Caption = 25
Me Hide
frmmsg. Show
End Sub

Private Sub Command2_Click()
frmassup24 RTB Refresh
frmassup24 RTB FileName = App Path & Mass\\2-5-1 itf"

frmassup24 Show
End Sub

Private Sub Command3_Chcki()

frmassup2d RTH Relresh

frmassup24 RTB FileName = App Path & "assi2-3-2.nf"
frmassup24. Show

End Sub

Private Sub Command4_Click()

frmassup24 RTB Refresh

frmassup24 RTB FileName = App.Path & "\assi2-5-2 nf"
frmassup24. Show

End Sub

Private Sub Command3_Click()

frmassup24 RTB.Refresh

frmassup24 RTB FileName = App.Path & "ass\\2-5-2.nf"
frmassup2d. Show

End Sub

Private Sub Form_Load()

Me Move { Screen, Width - Me Width) / 2, {Screen Height - Me Height) / 2
Me Height = 11115

e Width = 10020

'RTE FileName = App.Path & "activity33 nf"

End Sub

Sub checkwatdid()

If UCase{Textl Text) ="B" Then
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Text] Text="b"
Elze
Tet . Text ="
End If
If UCasef Text2 Text) = "D" Then
Texi2 Text = "d”*
Else
Text2. Text=""
End If
IFf UCase{ Text3. Text) = "D" Then
Text3 Text = "d"
Else
Textd Text=""
End If
If UCase{Textd Text) = "C" Then
Textd Text = "c"
Else
Textd. Text =
End If
If UCase{Texts Text) ="A" Then
Text5 Text = "a"
Elze
Texts Text=""
End If
If UCase{Textt. Text) = "D" Then
Textt. Text = "d"
Else
Textd Text=""
End If
If UCase{Text? Text) = "B” Then
Text?. Text="b"
Elsa
Text? Text=""
End If
I UCase( Text8 Text) = "C" Then
Text® Text ="c"
Else
Texd Text=""
End If
If UCase{Texty. Text) = "D" Then
Text9. Text = "d"
Else
Text? Text = ""
End If
If UCase({Text10. Text) = "D" Then
Text10. Text ="d"
Else
Text10 Text=""
End If
If UCase{Text11 Text) = "D" Then

223



Textl]. Text ="a"
Else
Texti] Text=""
End If
I UCase{ Text12 Text) = "D" Then
Text12 Text = "d"
Else
Text12. Text=""
End 1f
If UCasei Text]13 Text) = "A" Then
Textl3 Text ="a"
Else
Text1d Text=""
End 1f
If UCase{ Text14 Text) = "D" Then
Text14. Text="d"
Elaie
Textld Text=""
End If
If UCase(Text15 Text) = "B" Then
Text] 5. Text = "b"
Else
Text)5Text=""
End 1f
End Sub

Private Sub CmdNext_Click()
Me Hide
FrmActivity3 5 Show

End Sub

Private Sub cmdPrev_Click()
Me Hide

FroActivity33 Show

End Sub

Private Sub cmdswme_Click()

checkwatdid

emdswme, Visible = False

MsgBox (" The question(s) whom/whose answer box are empty are those yuulmiss,e.d.
¥ ou should try and attempt them again ") *, vbinformation, “TDware Motification”
End Sub

Private Sub Command1_Click{)
detee = Ibldetc Caption
frmmsg Ibldetc. Caption = detcc
If UCase{Text1 Text) ="C" Then
a=1
Else
a=10

330



End If
If UCase{ Text2. Text) = "A" Then
b=1
Else
b=0
End If
If UCase{Text3 Text) = "B™ Then
i =]
Else
c=10
End If
If UCase{Text4 Text) = "C" Then
e=]
Else
e=10
End If
If UCase{ Text5 Text) = D" Then
f=1
Else
f=0
End If
If UCase{ Text6. Text) = "C" Then
g=1
Else
g=90
End If
If UCase{Text7 Text) = "A" Then
= |
Else
h=0
End If
If UCase{Text8 Text) = "B" Then
1=
Else
1=0
End If
If UCase{Text9 Text) = "C" Then
j=1
Else
j=0
End If
If UCase{Text10.Text) = "C" Then
k=1
Else
k=0
End If
Tot=a+b+c+et+f+gt+th+i+i+k
péc=(Tot/ 10} * 100
pect = Clnt({pec)
Text16 Text = pect
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Unload Me

frmmsg. Text16 = pect & "%"
frmmsy. Ibltest Caption = 26
Me. Hide

frmmsg. Show

End Sub

Private Sub Form_Load()
Me Move (Screen Width - Me Width) / 2, (Screen. Height - Me Height) / 2
Me Height = 9285
Me Width = 100335
'RTB FileName = App.Path & "activity34 "
End Sub
Sub checkwatdid()
[f UCase{Textl.Text)="C" Then
Textl Text ="¢”
Else
Text] Text=""
End If
If UCase{Text2 Text) ="A" Then
Text2 Text = "a"
Else
Text2 Text =""
End If
If UCase{Text3 Text) = "B" Then
Text3 Text = "b"
Else
Text3 Text=""
End If
If UCase(Text4 Text) = "C" Then
Textd Text = "¢

Else
Textd, Text =""
End If
If UCase{Text5 Text) = "D" Then
Text5 Text = "d"
Else
Text5 Text=""
End If

If UCase{Texté Text) = "C" Then
Textt, Text="¢"
Else
Texts Text =™
End If
If UCase{Text7 Text) = "A" Then
Text7.Text = "a"
Else
Text?T Text=""
End If
If UCase{Text8 Text) = "B" Then
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Text8 Text = "b"
Else
Text8 Text=""
End If
If UCase{ Text9 Text) = "C" Then
Text® Text = "¢"
Else
Texts Text = "~
End If
IfUCase{ Text 10 Text) = "C" Then
Text]10 Text ="¢"
Else
TextlD Text=""
End If
End Sub
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