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Introduction to the 
Manufacturing Grouping 

The technological studies curriculum guideline 
consists of three parts: Part A: Policy for 

Program Planning, Part B, which is structured 
into ten subject groupings, and Part C: Ontario 

Academic Courses (OACs). Part A provides 
essential background for the planning of all 
courses in technological studies. The following 
three sections in Part A are especially impor¬ 
tant in this regard: “The Aims of Technologi¬ 
cal Studies”, “Program Requirements”, and 
“Course Planning at the Department Level” 
(including the evaluation of both student 
achievement and the program). The ten subject 
groupings of Part B are listed in the Appendix 
of this document, along with the individual 
subjects and authorized courses. Each subject 
grouping in Part B is to be treated as a sepa¬ 
rate component. 

Subject grouping 
This document is designated as Module 1 for 
the manufacturing grouping. The grouping 
includes five subjects: machine shop practice; 
sheet metal practice; welding; foundry prac¬ 
tice; and power transmission and control, and 
industrial control - power and processes. Ad¬ 
ditional modules for this grouping will appear 
in the future. 

Students may enrol in courses derived from 
this document for a variety of reasons. For 
most students, the courses will be their initial 
introduction to the occupational areas within 
the manufacturing grouping. For some, enrol¬ 
ment will be the first step towards an appren¬ 
ticeship as a machinist. For others, it will 
be an introduction to another occupation such 
as sheet metal mechanics or welding. For 
many, it will lead to postsecondary studies. 
While each of the five subjects outlined in 
this document deals with unique content, each 
also involves basic concepts that are common 
to the subject grouping. For career-planning 
purposes, students taking courses in any of 
these five subjects should gain some insight 
into the other subjects. 

Subject sections 
Separate sections are provided in each subject 
for planning basic, general, and (where au¬ 
thorized) advanced level courses. Each section 

includes aims and suggestions to assist teach¬ 
ers with course planning. Courses must in¬ 
clude the skills and knowledge outlined as core 
content for each section. This core content is 
identified in chart form. All of the core content 
indicated for a particular level of difficulty 
must be included, either in one course or in 
the sequence of courses for the division. 

Although in many cases the core content for 
the different grades and levels of difficulty 
is derived from the same units, the depth and 
breadth of treatment of this content material 
will vary according to the grade and level 
of the course. It is expected that the content 
will be developed to a depth that is appropriate 
to each level of difficulty and that teaching 
strategies, projects, and evaluation methods 
will reflect both the level of difficulty and the 
grade for which the course is planned. 

Course objectives 
All courses will be planned to achieve specific 
learning objectives, which shall be based on 
the aims for courses at the basic, general, and 
advanced levels. The nature of the core aims 
is such that teachers can set learning objectives 
for each aim according to the grade and ability 
of the students. The depth and breadth of 
students’ knowledge and skill competence, 
with respect to the core learning, will increase 
through successive courses. 

Together, the aims, learning objectives, and 
core content constitute the essential learning 
for a course. Any remaining course time can 
be structured to amplify the core learning 
and/or enrich the course with optional content. 
Additional topics that are appropriate to par¬ 
ticular objectives and course themes may be 
selected from the section entitled “Course 
Content for the Manufacturing Grouping”, at 
the end of this module, or from the course 
content listed at the end of any other module 
in Part B. 

Course content (charts) 
Charts are used to specify the core content, 
by division and level of difficulty, for each 
subject in the manufacturing grouping. The 
content units listed on the charts correspond to 
the numbered items listed in “Course Content 
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Introduction to the Manufacturing Grouping 

for the Manufacturing Grouping". The letters 
a, b, c, and so on represent subunits of the 
content units. 

Chart 8.1.6 provides a summary of the core 
content for all courses in the manufacturing 
grouping. This summary chart is intended to 
provide a convenient means of identifying 
what should be taught, comparing core content 
requirements for different levels of difficulty 
in a subject, and identifying content that sub¬ 
jects have in common. 

Program and course planning 
The total time of the course or sequence of 
courses offered in a subject at any particular 
level of difficulty over the two-year period 
of Grades 9 and 10 or Grades 11 and 12 must 
be a minimum of 55 hours. Where the total 
time available to the courses in the two-year 
period exceeds 110 hours, additional content 
will have to be included to supplement the 
core learning. The additional topics that are 
selected must support the course objectives. 
These topics may be selected from units listed 
in "Course Content for the Manufacturing 
Grouping". Topics from units appropriate to 
particular course themes may also be selected 
from the content for related subject groupings. 
For example, appropriate content from draft¬ 
ing or blueprint reading in the graphics com¬ 
ponent may be incorporated into the machine 
shop practice program. 

Where schools offer courses in two or more 
subjects of this grouping, there is a need 
to structure the courses to avoid significant 
overlaps in course content. Although two such 
courses may mutually reinforce basic concepts 
in manufacturing, the types of materials, 
equipment, and shop challenges that students 
experience in each course should reflect appli¬ 
cations commonly associated with the particu¬ 
lar subject field. The student who successfully 
completes courses in two subjects of this 
grouping should have an increased awareness 
of the types of occupational activities, work¬ 
ing materials, and equipment associated with 
each subject as well as a feeling for the rela¬ 
tionship between the subjects and for future 
trends in the field. 

Bi-level and bi-grade classes 
Classes that combine groups of students taking 
courses at different levels of difficulty (e.g.. 
Grade 9 machine shop practice, general and 
advanced levels) or at different grade levels 
(e.g., sheet metal practice in Grades 11 and 
12) are likely to become more common. Al¬ 
though the teaching strategies and techniques 
for assessing student progress in bi-level and 
bi-grade classes may present some special 
challenges to the teacher, the extra effort is 
worthwhile: by combining classes, schools can 
offer courses that would otherwise be imprac¬ 
tical because of small enrolments. 

Teaching strategies that work well in bi-level 
classes recognize the fundamental differences 
in course requirements for students at the 
two levels. Common lessons should be concise 
and focus on practical aspects of the subject. 
Practical assignments should lead to indepen¬ 
dent studies that develop knowledge and skill 
at the appropriate level of difficulty. Supple¬ 
mentary lessons should be short, should have 
different emphases for the two levels, and 
should lead to practical activities that are dif¬ 
ferent for the two groups. Successful strate¬ 
gies involve students in self-directed work and 
research projects of a limited length: Group 
activity in a simulated work environment can 
both reinforce subject content and develop 
social skills such as co-operation and 
responsibility. 

Evaluation 
Courses based on this module are to a large 
extent skills oriented. As students acquire 
these skills, they are motivated to acquire re¬ 
lated knowledge and develop desirable atti¬ 
tudes and understanding. The skills are 
reflected in the performance objectives set by 
the teacher when planning the course. It is 
against these performance objectives (which 
set the expected standards of achievement for 
the particular grade and level of difficulty 
of the course) that student achievement is 
measured. 

Evaluation of student achievement in skill 
development involves assessment of both the 
process and the product of the skill. Checklists 
are commonly used to identify the operational 
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Introduction to the Manufacturing Grouping 

steps of the process, whether it is turning a 
piece of metal on a lathe or producing a weld. 
Significant aspects of the completed operation 
are identified and commonly assessed with 
rating scales. When the checklists and rating 
scales are available to students, they can use 
them for self-evaluation as they strive for 
acceptable standards of competence. Compari¬ 
sons of the teacher’s evaluation of a skill 
and the student’s self-evaluation can often 
clarify the standards that are expected. Perfor¬ 
mance tests are a valid and effective method 
for assessing the achievement of a skill. 

The success students have in acquiring theo¬ 
retical knowledge and understanding in manu¬ 
facturing courses can be assessed through 
tests and examinations. A variety of assess¬ 
ment techniques, including short oral tests, 
objective tests (e.g., true-false and multiple- 
choice), short-answer completion, and regular 
question-and-answer tests, should be applied 
in the evaluation process. Written tests should 
be designed to suit the reading and writing 
levels of the students. The vocabulary used in 
the test questions should reflect that used in 
the classroom. Although students should be 
encouraged to write answers in proper sentence 
form, questions and answers that involve dia¬ 
grams are effective assessment instruments 
in technological studies. 

The development of desirable attitudes and 
the ability to combine skill and knowledge 
successfully in practical work tasks are dem¬ 
onstrated by students in their planning and 
implementation of projects, work assign¬ 
ments, and problem-solving activities. Teacher 
observation of the student’s achievement on 
such assignments is a valid technique for 
assessing progress in these areas. 

Additional comments about the evaluation of 
student achievement and some suggestions 
related to the evaluation of programs in tech¬ 
nological studies are outlined on page 24 of 
Technological Studies, Part A : Policy for 

Program Planning. 

Computer software 
As computers and appropriate software be¬ 
come available to schools, opportunities for 
students to successfully accomplish indepen¬ 
dent study activities will increase. The confi¬ 
dence gained through these experiences is 
particularly important to young people, who 
can expect to face a working life characterized 
by changing technology and the need to con¬ 
tinually update their skill and knowledge. 

The effective use of computer programs as 
learning tools in the classroom can require ad¬ 
justments in teaching strategies. Students con¬ 
tinue to need hands-on experiences with the 
materials, tools, and equipment associated 
with courses in this grouping, but computer 
programs applied at appropriate times can help 
the teacher to teach, reinforce, review, and 
test the associated learning. For example, 
software that is currently under development 
for the Ontario Approved Educational Micro¬ 
computer (oaem) to support specific objec¬ 
tives in the welding program could be used in 
each of these ways. 

Students should also have opportunities to 
become aware of the various tasks that com¬ 
puter technology performs in manufacturing. 
Visits to manufacturing plants and institutional 
training centres can provide insights into the 
use of computer-aided design (cad), computer- 
aided manufacturing (cam), and other auto¬ 
mated processes. 
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Machine Shop Practice 
Intermediate Division 
(Grades 9 and 10) 

Machine shop practice encompasses a number 
of areas of specialization. These include auto¬ 
motive machine shop work, fitting and bench 
work, tool and die work, turning, and general 
machine shop work. Intermediate Division 
courses in this subject should expose the stu¬ 
dent to as broad a range of basic techniques as 
school facilities and time will allow. 

Students who plan to enter an apprenticeship 
to become a general machinist, tool and die 
maker, or mould maker can benefit from the 
opportunity to participate in the provincial 
Linkage program. (Information on this pro¬ 
gram is available from the directors of the 
Ministry of Education’s regional offices.) 
Those who plan to continue their studies in 
this field should be made aware of the various 
postsecondary technician, technologist, and 
engineering programs in applied machine shop 
and of other, related manufacturing, toolmak¬ 
ing, mechanical, metallurgical, and industrial 
programs. 

Courses in machine shop practice are author¬ 
ized for Grades 9 and 10 at basic, general, 
and advanced levels of difficulty. Chart 8.1.1 
identifies the core content for these levels. 
The aims and suggestions for designing 
courses at these levels are provided in the 
sections that follow the chart. 

The amount of in-school time allotted for 
Intermediate Division courses in this subject 
may vary, depending on local requirements, 
from a minimum of approximately 55 hours 
over a two-year period to a maximum of 220 
hours per year. If only the minimum time is 
available, then some of the core content will 
necessarily be given superficial treatment. It 
is suggested that fuller treatment be given 
to those core items related to safety, measure¬ 
ment, hand tools and bench work, lathe ma¬ 
chining processes, drill press and operations, 
and milling machines and operations. 

Chart 8.1.1 Content Units Core Content for Courses 

Core Content for 
Machine Shop 
Practice 
Intermediate Division 

Basic General Advanced 

1. Safety be abeg abcefg 

2. Measurement abcm abcm abcgmn 

(Grades 9 and 10) 3. Manufacturing processes d d bd 

4. Layout ac ac abed 

5. Hand tools and bench work abc abc abc 

6. Lathe machining processes a ab ab 

7. Power sawing ab a a 

8. Drill press and operations ab ab ab 

10. Grinding abdg abcdg abedfg 

11. Milling machines and operations a ab abc 

12. Metallurgy a aci achi 

15. Oxy-fuel gas welding fundamentals a a a 

30. Quality control methods abc 

32. Perspectives on employment a ab abc 

See “Course Content for the Manufacturing Grouping”, beginning on page 34, for description 
of the subunits a, b, c, etc. 
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Machine Shop Practice 

Basic Level 

Course codes assigned to basic level courses 
planned under this section will be TMS1B for 
Grade 9 and TMS2B for Grade 10. 

Aims 

Suggestions for 
Teachers 

In all courses based on this section, students 
will have the opportunity to: 

- develop safe work habits in the operation of 
machines and power and hand tools as well 
as in the handling and storage of materials; 

- learn the purposes of the various machines 
involved in the program and be able to 
perform basic operations on each of them; 

- develop the ability to perform machining 
operations to a stipulated degree of 
tolerance; 

- develop the ability to read a simple working 
drawing and produce a finished product; 

- acquire a sense of satisfaction in completing 
a machined project; 

- develop the ability to work co-operatively 
with their peers and supervisors; 

- accept advice and instructions from a 
supervisor; 

- acquire knowledge of the occupational 
opportunities in the machine shop practice 
trade. 

To a Grade 9 student, the large, complicated- 
looking machines used in a machine shop 
can be quite intimidating. Teachers should be 
aware that many students are very nervous 
when operating a lathe or milling machine for 
the first time. It is important for the teacher 
to do everything possible to help the student 
gain confidence and feel comfortable when 
operating a particular machine. 

The machine operations identified in units 5 
(hand tools and bench work), 6 (lathe machin¬ 
ing processes), 7 (power sawing), 8 (drill 
press and operations), 10 (grinding), and 11 
(milling machines and operations) should be 
taught gradually and methodically. Speed 
is not a major concern at this stage; it is far 
more important for students to gain confidence 
and to practise the routine steps of various 
operations on each machine. As the student 
progresses, he or she can be expected to pro¬ 
duce a finished product to a specified degree 
of tolerance within a stipulated time period. 

Teachers should emphasize the machine oper¬ 
ation aspect of the trade by discussing the 
jigs and fixtures used on the various machines. 
It would also be useful to provide some infor¬ 
mation about turret lathes and other production 
machines. 

A course offered at the basic level to students 
who might enter the metal machining field 
as machine operators must provide them with 
opportunities to acquire skills and experiences 
that are basic to the trade. At the same time, 
students should acquire a grounding in ma¬ 
chining theory and should master the basic 
skills necessary to extend their learning in the 
subject field. 

The evaluation process for students studying 
machine shop practice at the basic level of 
difficulty should be an assessment of the prac¬ 
tical aspect of their work. When testing stu¬ 
dents in the theoretical part of the course, it is 
important to keep the test or quiz short and 
to deal only with topics related to routine op¬ 
erations. Frequent oral testing can be an ex¬ 
cellent way of determining how well the 
students understand what they are doing. Ad¬ 
ditional suggestions regarding evaluation are 
discussed in the introduction to this module 
and on page 24 of Technological Studies, Part 

A: Policy for Program Planning. 

Safety in a machine shop is very important. 
Good housekeeping habits will help to prevent 
accidents. The teacher must demonstrate the 
correct method of using every machine and 
piece of equipment that the students are ex¬ 
pected to use. The safety rules pertaining 
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Machine Shop Practice 

to each machine must be carefully reviewed, 
and a written copy of these rules must be 
given to each student. General safety rules 
involving conduct in the shop must also be 

discussed. It is the responsibility of the teacher 
to see that safety glasses are available for 
each student and that they are worn when the 
machines are running. 

General Level 

Course codes assigned to general level courses 
planned under this section will be TMS1G 
for Grade 9 and TMS2G for Grade 10. 

Aims 

Suggestions for 
Teachers 

In all courses based on this section, students 
will have the opportunity to: 

- develop a positive attitude towards good 
work habits, the ability to critically evaluate 
the results of their own work, and a sense 
of satisfaction in doing a good job; 

- develop the ability to plan and perform tasks 
efficiently, using a logical sequence of 
operations; 

- develop an increasing awareness of them¬ 
selves as individuals and of their particular 
capabilities; 

- acquire a general understanding of the var¬ 
ious machine operations performed on the 
lathe, cutoff saw, bandsaw, drill press, hor¬ 
izontal and vertical milling machines, and 
pedestal, bench, and surface grinders and be 

able to perform these operations in a man¬ 
ner that is safe both for themselves and 
for their fellow workers; 

- learn to produce work that is reasonably and 
consistently accurate to the limits of the 
measuring devices used and the tolerances 
established by the teacher; 

- learn to use the various bench and layout 
tools skilfully and safely; 

- acquire a basic understanding of metallurgy 
as it relates to metal machining; 

- develop the ability to interpret a reasonably 
complex working drawing; 

- acquire knowledge of careers and further 
training opportunities in the precision metal 
machining area and the broader manufactur¬ 
ing field. 

Courses offered at the general level to students 
who are considering apprenticeships or other 
jobs in the metal machining field should pro¬ 
vide opportunities to acquire skills and experi¬ 
ences that are fundamental to the machine 
trades. At the same time, students should ac¬ 
quire a grounding in machining theory and 
should master the basic skills necessary to ex¬ 
tend their learning in the subject field. Stu¬ 
dents should be informed that technical 
mathematics, including basic trigonometry 
and blueprint reading, are essential to further 
study in this subject area. The use of the sine 
bar and the performance of helical milling 
are machining applications in Senior work that 
reflect this basic requirement. 

General level courses should focus on practical 
activities and operations. Students taking 
courses at the general level of difficulty should 
develop reasonable skill in both internal and 
external measurement with the micrometer 
and the vernier (unit 2). In addition to devel¬ 
oping a reasonable proficiency in the use of 
the various tools, they will learn to select 
hacksaw blades, files, and taps and dies (unit 
5); they will also learn about machine thread 
cutting (unit 6). All of the machine operations 
should be covered; a discussion of the princi¬ 
ples of the shaper and of shaping (unit 9) may 
be included also, as optional content. Students 
taking these courses should be informed of 
the apprenticeship requirements in various 
branches of the metal machining trade, of the 



Machine Shop Practice 

procedures for securing an apprenticeship, 
of local job opportunities, and of postsecond¬ 
ary programs that offer continuing study in 
the field. 

Courses offered for technical literacy generally 
provide a survey of the subject field with 
less emphasis on skill development. Courses 
of this type should include, in addition to the 
core content outlined above, a thorough treat¬ 
ment of units 3 (“Manufacturing processes”) 
and 5 (“Hand tools and bench work”). Stu¬ 
dents taking such courses should have ample 
opportunity to produce projects using machine 
shop tools and equipment and to obtain in¬ 
sights into the use in manufacturing of the 
tools, equipment, and principles of the trade. 

Machine shop courses at the general level 
should focus on projects that incorporate the 
practical activities, operations, and concepts 
included in the core learning and reflect the 
specific objectives set by the teacher for the 
course. The student's project should be as¬ 
sessed at significant stages of development, 
and the student should know the criteria on 
which the final mark will be based. Because 
the project is the means of translating course 
objectives into practical activity, the projects 
selected will vary from course to course. 

Special safety rules related to specific mate¬ 
rials, equipment, procedures, and environ¬ 
mental conditions should be introduced at the 
appropriate times. Safety procedures should 
be discussed at the beginning of the course, 
and students should be made aware of their 
responsibilities for maintaining safety. 

Intermediate Division courses should be ex¬ 
ploratory in nature, providing as wide a range 
of core learning experiences as is possible 
within the course time allotted. Students taking 
these courses should acquire a perspective 
on the metal machining industry as well as on 
the broader field of manufacturing. 

The training profiles for the general machinist 
trade and for the millwright trades (industrial 

and construction), available through the pro¬ 
vincial Linkage program, provide clear skill 
and knowledge objectives. These profiles can 
be a valuable resource for the teacher who 
wishes to design Grade 10 courses for partial 
specialization. 

Many parents or members of the community 
who have specialized knowledge or skills 
related to machine shop practice are willing to 
participate in classroom instruction. This par¬ 
ticipation may take the form of talks, demon¬ 
strations, or provision of sample materials 
or work produced in the trade. Current issues 
of trade journals may also be introduced. 

Students should be evaluated for achievement 
in both the theoretical and the practical com¬ 
ponents of this subject. The weighting of the 
two components will vary depending on the 
type of course offered. For example, a course 
at the general level leading to apprenticeship 
might stress objectives related to understanding 
of particular theories involved in machine 
shop practice. These theoretical topics would 
then receive extra emphasis in evaluations 
of student achievement. One approach to 
teaching and evaluating theoretical studies 
could centre on single pages of information 
related to each topic. These sheets might take 
a pictorial or tabular form and cover such 
topics as safety, cutting speeds, screw thread 
data, types and operation of cutting tools, 
milling-cutter operation, and machine lubrica¬ 
tion schedules. These information sheets might 
be used as the basis for learning and testing 
and then incorporated in the student's personal 
shop manual. In contrast, a course offered 
for technical literacy could emphasize profi¬ 
ciency in particular skills, which could be 
physically demonstrated in short practical 
tests. 
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Advanced Level 

Course codes assigned to advanced level 
courses planned under this section will 
be TMS1A for Grade 9 and TMS2A for 
Grade 10. 

Aims In all courses based on this section, students 
will have the opportunity to: 

- develop a positive attitude towards critically 
evaluating the results of their own work 
and a desire to continually improve; 

- enhance interpersonal, co-operative, and 
leadership skills; 

- develop the ability to do machine work to a 
stipulated degree of accuracy; 

- develop the ability to interpret a working 
drawing and to plan the steps necessary to 
produce the finished project; 

- develop a positive attitude towards efficient 
and safe work habits; 

- learn the purpose and operation of the ma¬ 
chines in the school machine shop; 

- develop insight into the place of the metal 
cutting industries within the manufacturing 
sector; 

- acquire a basic understanding of metallurgy 
as it relates to metal machining and be 
able to perform basic heat treatment 
operations; 

- acquire knowledge of careers and further 
training opportunities in the precision metal 
machining area and the broader manufactur¬ 
ing field. 

Suggestions for 
Teachers 

Teachers planning courses at the advanced 
level of difficulty should refer to the sugges¬ 
tions for teachers in the preceding sections for 
basic and general level courses in this subject. 
Most of the suggestions in these sections can 
be adapted to the planning of advanced level 
courses. 

Students studying machine shop practice at 
the advanced level of difficulty should be in¬ 
volved in the more theoretical and detailed 
aspects of the subject. They should develop 
the ability to operate the machines normally 
used by students at the Intermediate level and 
also be able to do some basic calculations 
involving speeds and feeds. If they make the 
same project as students in the general level 
program, the levels of tolerance might be 
slightly closer. Experiments in metallurgy 
should be included in the program, and stu¬ 
dents should be expected to write short tech¬ 
nical reports. 

An assignment involving research into a spe¬ 
cific topic associated with the metal cutting 
industry should be included in the course. 

Students studying at this level of difficulty are 
often interested in careers in the semiprofes¬ 
sional and professional occupations. It is im¬ 
portant, therefore, to identify the full range 
of occupational opportunities in the metal cut¬ 
ting industry and to provide as much informa¬ 
tion as possible about these occupations and 
about related occupations in which knowledge 
and skills developed in this course would be 
helpful. 

CNC (computer numerical control) machining 
is a topic that may be discussed. If possible, 
interested students should have the opportu¬ 
nity to produce a simple program and have it 
run on a CNC machine. 
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Machine Shop Practice 
Senior Division 
(Grades 11 and 12) 

Courses in machine shop practice may be 
offered in the Senior Division in one or more 
of three specialty areas: general machinist, 
millwright, and mechanical technology. The 
courses may vary in time allotment and offer 
credit for up to 330 hours of in-school work 
each year. Planning for courses in any of the 
three specialty areas will continue to be based 
on the curriculum guideline Elements of Me¬ 

chanical Technology, Senior Division, 1970. 

General machinist. Courses in this subject 
area may be offered in Senior Division at 
basic, general, and advanced levels of diffi¬ 
culty. The training profile for general machin¬ 
ist, available through the provincial Linkage 
program, is a useful resource for all Senior 
Division courses in this subject area. It also 
provides a common base for the related trade 
areas of tool and die maker and mould maker. 
Any terminal performance objectives outlined 
in the training profile for the introductory 
(basic) apprenticeship course in general ma¬ 
chinist may be included in courses planned for 
this subject area. The training profile and 
information on the Linkage program are avail¬ 
able from the directors of the regional offices 
of the Ministry of Education. Courses in this 
subject area will have the three letters TMS 
as the stem of their course code. 

Millwright. Courses in this area of specializa¬ 
tion may be offered in Senior Division at 
general and advanced levels of difficulty. The 
training profiles for construction millwright 

and industrial mechanic (millwright), available 
through the provincial Linkage program, are 
useful resources for Senior Division courses in 
this area of specialization. Any terminal per¬ 
formance objectives outlined in these training 
profiles for the basic apprenticeship course 
may be included in courses planned for the 
Senior Division. The training profiles and 
information on the Linkage program are avail¬ 
able from the directors of the regional offices 
of the Ministry of Education. All courses 
in this subject specialty will have the three 
letters TMM as the stem of their course code. 

Mechanical technology. Courses in this sub¬ 
ject area may be offered at general and ad¬ 
vanced levels of difficulty. These courses 
should provide the skills and knowledge 
needed in general machining and related in¬ 
formation about treatment and properties of 
metals. In addition, the courses should provide 
insight into the overall manufacturing process, 
including the role of mechanical drafting and 
design. Students should be prepared for further 
training in both postsecondary institutions 
and the industry. Courses in this subject area 
will have the three letters TMY as the stem 
of their course code. 



Sheet Metal Practice 
Intermediate Division 
(Grades 9 and 10) 

Sheet metal practice is closely related to other 
subjects in the manufacturing grouping and 
to subjects in the construction grouping. Stu¬ 
dents taking courses based on this section 
will acquire skills and knowledge related to 
the fabrication, installation, and repair of sheet 
metal products. In the process, they will be 
introduced to the construction trade of sheet 
metal worker and to the equivalent industrial 
trade of sheet metal worker (plant), the latter 
often involving work with heavier metal mate¬ 
rials, machines, and equipment and including 
welding. Objectives related to industrial metal 
fabrication may be included in these courses 
where appropriate. 

Courses in sheet metal practice are authorized 
for Grades 9 and 10 at basic, general, and 
advanced levels of difficulty. Chart 8.1.2 

identifies the core content for these levels. 
The aims and suggestions for designing 
courses at these levels are provided in the 
sections that follow the chart. 

The amount of in-school time allotted for 
Intermediate Division courses in this subject 
may vary, depending on local requirements, 
from a minimum of approximately 55 hours 
over a two-year period to a maximum of 220 
hours per year. If only the minimum time is 
available, then some of the core content will 
necessarily be given superficial treatment. It 
is suggested that fuller treatment be given 
to those core items related to safety; measure¬ 
ment; layout; hand tools and bench work; 
shearing, forming, and joining; forming and 
seaming; and sheet metal developments. 

Chart 8.1.2 Content Units Core Content for Courses 

Core Content for 
Sheet Metal Practice 
Intermediate Division 
(Grades 9 and 10) 

Basic Gen/Adv 

1. Safety abcg abcg 

2. Measurement adn aden 

3. Manufacturing processes d ad 

4. Layout d d 

5. Hand tools and bench work acd acd 

8. Drill press and operations a a 

10. Grinding d bd 

12. Metallurgy b bch 

16. Shearing, forming, and joining a ab 

17. Forming and seaming a a 

18. Sheet metal developments a ab 

32. Perspectives on employment a ab 

See “Course Content for the Manufacturing Grouping”, beginning on page 34, for description 
of the subunits a, b, c, etc. 

i 
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Sheet Metal Practice 

Basic Level 

Course codes assigned to basic level courses 
planned under this section will be TMT1B for 
Grade 9 and TMT2B for Grade 10. 

Aims In all courses based on this section, students 
will have the opportunity to: 

- develop safe work habits when using ma¬ 
chinery and power and hand tools and when 
handling sheet material; 

- develop the basic skills of the sheet metal 
trade, the confidence to use those skills, and 
the motivation to attempt new sheet metal 
work tasks; 

- improve communication skills and learn the 
vocabulary associated with the sheet metal 
industry; 

- develop a co-operative attitude towards 
working with their peers and supervisors; 

- acquire the ability to produce a simple sheet 
metal development drawing; 

- develop the ability to produce a sheet metal 
project to a stipulated degree of accuracy; 

- gain a general knowledge of the occupational 
opportunities in the sheet metal industry. 

Suggestions for 
Teachers 

The optional topics chosen should relate 
closely to the objectives that have been identi¬ 
fied for the course. The depth of treatment 
of both the core and the optional content 
should suit the ability of the students and the 
facilities that are available for the program. 

Courses in sheet metal practice or metal fabri¬ 
cation offered at the basic level of difficulty 
require a fairly intensive development of the 
practical skills covered in units 16 ("Shear¬ 
ing, forming, and joining") and 17 (“Forming 
and seaming”). Topics, projects, and prob¬ 
lems involving mathematics and increasingly 
complex layouts should be offered as soon 
as students are ready for them. However, care 
should be taken to avoid frustrating students 
by presenting such material before they have 
been given the necessary background. Courses 
at the basic level should emphasize the fabri¬ 
cation and assembly aspects of the trade. 
For example, students should have the oppor¬ 
tunity to develop the practical skills and 
knowledge necessary for simple production 
line and assembly projects. 

Practical projects should serve as themes for 
courses in sheet metal practice. Students can 
learn the interrelationships among the skills, 
concepts, and facts presented in the course by 

applying them to the construction of an appro¬ 
priate project. A variety of projects may be 
chosen for this purpose. However, since warm 
air heating and ventilation systems comprise 
a large part of the metal fabrication industry, 
it is suggested that practical projects selected 
for the course focus on these systems. Op¬ 
tional topics can be chosen for their suitability 
to the chosen project. Some project work 
should involve parallel-line and simple trian¬ 
gulation methods. 

Special safety rules related to specific mate¬ 
rials, equipment, procedures, and environ¬ 
mental conditions should be introduced when 
the appropriate circumstances arise. General 
safety procedures in the sheet metal shop and 
the responsibility of every student in this 
regard should be discussed at the beginning of 
the course and closely followed. 

Basic level courses under this section may be 
effectively offered in a metal fabrication shop 
and may emphasize the trade of sheet metal 
worker (plant). Where limited facilities in the 
shop restrict opportunities to introduce heavy 
metal fabrication or plate work, these can 
be introduced through discussion and through 
outside resources. Visits to plate, stamping, 
and heavy metal fabrication shops in the com¬ 
munity will help students become aware of 
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Sheet Metal Practice 

employment possibilities in this type of metal 
work. In addition, parents and members of 
the community who have specialized knowl¬ 
edge or skills related to sheet metal practice 
are often willing to participate in the classroom 
and can introduce many of the special appli¬ 
cations of sheet metal practice to the students 
through products, audio-visual materials, and 
talks. 

Student evaluation at the basic level should be 
based mainly on the practical aspect of the 
program. Students studying at this level often 
have difficulty with both reading and writing. 

While it is important that these skills be im¬ 
proved, it is equally important that the prog¬ 
ress of the students be accurately assessed. 
Reading and writing assignments should be 
structured as part of the course and, where 
appropriate, coupled with the students’ English 
program. Tests and exams should make exten¬ 
sive use of diagrams and questions that re¬ 
quire short answers. Additional suggestions 
regarding evaluation are discussed in the in¬ 
troduction to this module and on page 24 
of Technological Studies, Part A: Policy for 

Program Planning. 

General Level 

Course codes assigned to general level courses 
planned under this section will be TMT1G 
for Grade 9 and TMT2G for Grade 10. 

Aims 

Suggestions for 
Teachers 

In all courses based on this section, students 
will have the opportunity to: 

- develop a positive attitude towards good 
work habits, the ability to critically evaluate 
the results of their own work, and a sense 
of satisfaction in doing a good job; 

- develop the ability to plan and perform tasks 
efficiently, using a logical sequence of 
operations; 

- gain general knowledge and skill in the 
basic sheet metal bending and forming 
operations; 

- learn to use the tools and machines com¬ 
monly associated with sheet metal work with 
skill and in a manner that is safe for both 
themselves and their fellow workers; 

- produce work that is reasonably and consis¬ 
tently accurate to the tolerance established 
by the teacher; 

- be introduced to the basics of metallurgy as 
they relate to sheet metal work; 

- develop, through the study of sheet metal 
operations and processes, an understanding 
of the basic physical principles involved and 
gain insights into the application of these 
principles in manufacturing processes; 

- acquire knowledge of careers and further 
training opportunities in sheet metal practice 
and related fields. 

Grade 9 courses should be exploratory in 
nature, providing as wide a range of core 
learning experiences as possible within the 
course time allotted. Students taking these 
courses should acquire some perspective on 
the sheet metal trades as well as on the broader 
field of manufacturing that is related to metal 
fabrication. 

A course offered at the general level of diffi¬ 
culty to students who plan to enter apprentice¬ 
ship in the metal fabrication field must provide 

opportunities to acquire skills that are basic 
to the trade. At the same time, the course 
should offer a grounding in theory. Students 
should also be informed that competence in 
technical mathematics and blueprint reading is 
necessary for further study in this subject 
area. 

Students taking courses at the general level of 
difficulty can be expected to achieve reason¬ 
able competence in all of the core content 
areas. They will learn about safety on the job 



Sheet Metal Practice 

site (unit 1); develop skill and accuracy in 
measurement and in the calculation of bend 
allowances (unit 2); develop skill and accuracy 
in radial-line developments (unit 4); and, in 
addition to developing reasonable proficiency 
in the use of the various tools, acquire knowl¬ 
edge of hacksaw-blade selection, file selec¬ 
tion, and the selection and application of sheet 
metal fasteners (unit 5). Units 16 (“Shearing, 
forming, and joining”), 17 ("Forming and 
seaming”), and 18 ("Sheet metal develop¬ 
ments”) should be covered fairly completely, 
with a view to developing full understanding 
and abilities in these areas. Students taking 
this course should also be informed of the ap¬ 
prenticeship requirements in the sheet metal 
trades, of the procedure for securing an ap¬ 
prenticeship, of local job opportunities, and of 
postsecondary programs that offer continuing 
study in the field. 

Courses for students interested in technical 
literacy should provide a survey of the subject 
field and place less emphasis on skill develop¬ 
ment. In addition to the core content outlined 
above, such courses can include a treatment of 
the topics identified in units 3 ("Manufactur¬ 
ing processes”) and 12 ("Metallurgy”) listed 
under "Course Content for the Manufacturing 
Grouping” (starting on page 34). Students tak¬ 
ing such courses should have ample opportun¬ 
ity to produce projects using sheet metal tools 
and equipment. In working on their projects, 
they should gain insights into the application 
to manufacturing of the tools, equipment, 
materials, and principles of the sheet metal 
trade. Discussions should deal as well with 
other materials used in product fabrication. 

Practical projects can serve as themes for 
courses in sheet metal practice. Students can 
learn the interrelationships among the skills, 
concepts, and facts presented in the course by 
applying them to the construction of a theme 
project that may involve several component 
projects. Many different products could be 
chosen for this purpose. Since warm air heat¬ 
ing, air conditioning, and ventilation systems 
comprise a large part of the metal fabrication 
industry, practical projects selected for the 

course could focus on these systems. If time 
permits, optional topics to support this theme 
may be selected from the heating, refrigera¬ 
tion, and air conditioning subject content in 
the construction grouping. 

Another theme could be the metal products 
that might be produced for the market by a 
small manufacturing concern. Optional topics 
could be identified on the basis of the prod¬ 
ucts chosen for this project. Project work 
should, in any case, involve parallel-line and 
simple triangulation methods. 

Safety must always be stressed, both in the 
use of machines and tools and in the handling 
of sheet material. Protective clothing and 
equipment should be made available to the 
students when they are performing tasks that 
require such items. 

Limitations in the facilities may restrict the 
opportunities to introduce heavy metal fabri¬ 
cation or plate work. However, these can 
be introduced through discussion and through 
outside resources. Visits to plate, stamping, 
and heavy metal fabrication shops in the com¬ 
munity can help students develop some 
awareness of the processes involved in this 
type of metal work. In addition, parents and 
members of the community who have special¬ 
ized knowledge or skills related to sheet metal 
practice are often willing to participate in the 
classroom and can introduce to the students 
many of the special applications of sheet metal 
practice. 

The evaluation of student achievement should 
be based equally on the theoretical and practi¬ 
cal components of this subject, unless the 
course emphasizes one of the components. For 
example, a course leading to apprenticeship 
might at times stress objectives related to the 
theory behind sheet metal practice; this aspect 
would then be emphasized in evaluation as 
well. In courses planned to relate to another 
subject specialty or to develop skills for per¬ 
sonal use, the emphasis in evaluation might be 
on proficiency in particular skills that can be 
physically demonstrated. 
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Sheet Metal Practice 

Advanced Level 

Course codes assigned to advanced level 
courses planned under this section will 
be TMT1A for Grade 9 and TMT2A for 
Grade 10. 

Aims 

Suggestions for 
Teachers 

In all courses based on this section, students 
will have the opportunity to: 

- develop skills in producing surface develop¬ 
ment drawings through triangulation; 

- acquire background knowledge of techno¬ 
logical features represented on typical blue¬ 
prints involving sheet metal developments; 

- develop the ability to plan a reasonably 
complex sheet metal project; 

- relate mathematics and scientific principles 
to the technology represented in the fabrica¬ 
tion of sheet metal products; 

The core content for courses in sheet metal at 
the advanced level of difficulty is the same 
as for courses at the general level. This content 
is specified in chart 8.1.2. Students studying 
at the advanced level of difficulty can be 
expected to deal with the content in greater 
theoretical depth. Courses should be planned 
to focus on design considerations and problem¬ 
solving tasks to a greater extent than is nor¬ 
mal in general level courses. This difference 
in focus should be reflected in the objectives 
for the course. 

Where time permits, optional content may be 
selected from other subjects within the manu¬ 
facturing grouping or from related subjects 
such as drafting or heating, refrigeration, and 
air conditioning. The optional content in each 
case should be selected to fit learning objec¬ 
tives planned for the course or particular 

- acquire and improve skills in researching 
technological areas and communicating the 
acquired information through written reports 
and oral presentations; 

- acquire an overview of occupations in the 
sheet metal industry and insights into the 
relationship of the learning to broader career 
fields. 

_i 
themes selected as teaching strategies. In all 
cases, the content should reflect the ability 
and interests of the students who take their 
courses at the advanced level of difficulty. 

Students taking their courses at this level may 
undertake some of these topics as independent 
study, particularly in bi-level courses, where 
advanced level may be differentiated from 
the general level through the use of enrichment 
topics, themes, and special task assignments 
and projects. Technical-report writing on var¬ 
ious sheet metal topics should be included 
in the course. 
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Sheet Metal Practice 
Senior Division 
(Grades 11 and 12) 

Courses in sheet metal practice for Grades 11 
and 12 may be offered at the basic, general, 
and advanced levels of difficulty. Planning for 
these courses will continue to be based on 
the Grade 11 and Grade 12 components of the 
guideline Technical Subjects RP-27, 1963: 

Sheet Metal Practice. 

The courses may vary in time allotment and 
offer credit for up to 330 hours of in-school 
work each year. Courses in this subject area 
will have the three letters TMT as the stem of 
their course code. 



Welding 
Intermediate Division \ 
(Grades 9 and 10) 

Welding can be related both to the construc¬ 
tion and to the manufacturing subject group¬ 
ings. Workers in this trade weld metal parts 
together according to layouts, blueprints, or 
work orders, using oxy-fuel gas welding and 
electric arc welding. The metal-work skills 
of flame cutting and grinding are also applied 
in this trade. Fitters and fitter welders utilize 
these welding skills as a major part of their 
work. 

Students should be made aware of the post¬ 
secondary programs for engineering techni¬ 
cians and technologists in this field that are 
offered at the colleges of applied arts and 
technology. This additional training can facili¬ 
tate students’ future advancement into super¬ 
visory positions or provide the expertise they 
will need to start their own businesses. 

Students taking courses based on this subject 
will be introduced to oxy-fuel gas welding 
and cutting, electric arc welding, grinding, 
and metallurgy. 

Courses in welding practice are authorized for 
Grades 9 and 10 at basic and general levels 
of difficulty. Chart 8.1.3 identifies the core 
content for these levels. The aims and sugges¬ 
tions for designing courses at these levels 
are provided in the sections that follow the 
chart. 

The amount of in-school time allotted for 
Intermediate Division welding courses may 
vary, depending on local requirements, from a 
minimum of approximately 55 hours over a 
two-year period to a maximum of 220 hours 
per year. If only the minimum time is avail¬ 
able, then some of the core content will nec¬ 
essarily be given superficial treatment. It is 
suggested that fuller treatment be given to 
those core items related to safety, measure¬ 
ment, layout, hand tools and bench work, 
grinding, arc welding fundamentals, and oxy- 
fuel gas welding fundamentals. 

Chart 8.1.3 Content Units Core Content for Courses 

Core Content for 
Welding 
Intermediate Division 
(Grades 9 and 10) 

Basic General 

1. Safety abcdeg abcdeg 

2. Measurement ahik abcdhijk 

3. Manufacturing processes d ad 

4. Layout c c 

5. Hand tools and bench work ac ac 

10. Grinding adfg adfg 

12. Metallurgy cgi cdghi 

13. Welding equipment ab ab 

14. Arc welding fundamentals ab ab 

15. Oxy-fuel gas welding fundamentals ab abc 

25. Ornamental metal work a ab 

29. Bonding of plastics a 

30. Quality control methods ac abc 

32. Perspectives on employment a ab 

See “Course Content for the Manufacturing Grouping", beginning on page 34, for description 
of the subunits a, b, c, etc. 

i 
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Welding 

Basic Level 

Course codes assigned to basic level courses 
planned under this section will be TMW1B 
for Grade 9 and TMW2B for Grade 10. 

Aims In all courses based on this section, students 
will have the opportunity to: 

- develop good work habits and a sense of 
satisfaction in completing a welding opera¬ 
tion or project in an orderly fashion; 

- acquire a general knowledge of how to 
adjust and operate both oxy-fuel gas welding 
and cutting equipment and electric arc weld¬ 
ing equipment; 

- learn to use the basic tools associated with 
the welding trade; 

- develop the habits necessary for safe, effi¬ 
cient welding operations; 

- develop the ability to produce a proper weld 
with a limited degree of distortion; 

- develop the ability and confidence to pro¬ 
duce a welding project with little or no 
supervision; 

- develop the ability to recognize the charac¬ 
teristics of the metal and its flow when 
making a weld; 

- acquire knowledge of careers and further 
training opportunities in welding and related 

trades. 

Suggestions for 
Teachers 

Grade 9 courses should be exploratory in 
nature. There is a great diversity in applica¬ 
tions of welding to the construction and man¬ 
ufacturing fields; in most communities 
students can be made aware of this through 
field trips, lectures or talks by experts, films, 
and special demonstrations. By these means 
students can also learn about employment and 
further training opportunities in this field. 

Safety must be treated as an integral part of 
the welding program. Every operation should 
be properly demonstrated by the teacher, and 
all the safety rules governing the particular 
operation must be emphasized. Good house¬ 
keeping habits will produce a neat, attractive 
shop and, more important, a safe shop. Weld¬ 
ing teachers must ensure that the shop is 
properly ventilated and that it is equipped to 
handle arc radiation. 

The choice of optional topics should follow 
closely the objectives that have been identified 
for the course. The depth of treatment of 
both the core and the optional content should 
reflect the ability of the students, the type 
of course that is being offered, and the facili¬ 
ties that are available for the program. Blue¬ 
print reading should be an element of at least 
one project in the course. 

Courses in welding offered at the basic level 
of difficulty require a fairly intensive treatment 
of the practical skills covered in units 14 
(“Arc welding fundamentals’’) and 15 (“Oxy- 
fuel gas welding fundamentals’’). Topics, 
projects, and problems involving mathematics 
and metallurgy should be offered to the stu¬ 
dents when they are ready for them. However, 
care should be taken to avoid frustrating stu¬ 
dents by presenting such material before they 
have the background they need to handle it. 
Courses at the basic level should emphasize 
the development of basic welding techniques 
and assembly so that students have the maxi¬ 
mum opportunity to develop the necessary 
practical skills. Special emphasis should also 
be given to welding and safety on the job site. 

Welding courses can offer students a wide 
range of interesting projects. Teachers should 
identify the skills and knowledge that are to 
be included in the course and then allow 
students to make their selection from a variety 
of appropriate projects. In some cases, a mass- 
produced project can generate a great deal of 
interest. Such projects can involve the entire 
class in planning the various stages of devel¬ 
opment. Simple jigs and fixtures can be cre¬ 
ated and used at the work stations. Students 
who later decide to work as welders may 
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be involved in some form of mass production. 
A project involving a mass-produced product, 
therefore, will expose students to a situation 
they can expect to experience in industry. 

The assessment of student achievement at the 
basic level of difficulty should focus primarily 
on the practical aspect of the program. Ap¬ 
proaches to assessing progress such as watch¬ 
ing a student produce a proper weld or asking 

a few pertinent questions regarding the task 
the student is attempting are often the best way 
to determine how well the student has learned 
the lessons that have been presented. Addi¬ 
tional suggestions regarding evaluation are 
discussed in the introduction to this module 
and on page 24 of Technological Studies, Part 

A: Policy for Program Planning. 

General Level 

Course codes assigned to general level courses 
planned under this section will be TMW1G 
for Grade 9 and TMW2G for Grade 10. 

Aims In all courses based on this section, students 
will have the opportunity to: 

- develop a positive attitude towards good 
work habits, the ability to critically evaluate 
the results of their own work, and a sense 
of satisfaction in doing a good job; 

- develop the ability to plan and perform tasks 
efficiently, using a logical sequence of 
operations; 

- understand and be able to adjust and use the 
various oxy-fuel gases and electric arc 
welding machines and equipment in a man¬ 
ner that is safe both for themselves and 
for their fellow workers; 

- learn to produce welds that are sound and 
that have a minimum of distortion; 

- learn to use the various hand and power 
tools of the welding trade skilfully and 
safely; 

- be introduced to the basics of metallurgy as 
they relate to welding; 

- develop an understanding of the physical 
principles involved in welding and gain in¬ 
sights into the applications of these princi¬ 
ples in manufacturing processes; 

- acquire knowledge of careers and further 
training opportunities in welding and related 
fields. 

Suggestions for 
Teachers 

Teachers planning courses at the general level 
should refer to the suggestions for teachers 
in the preceding section for basic level 
courses. In most cases, the comments and 
suggestions can be readily adapted to the 
planning of general level courses. 

A course offered at the general level of diffi¬ 
culty to students who plan to enter apprentice¬ 
ship in the welding field must provide them 
with opportunities to acquire skills and experi¬ 
ences that are basic to the trade. Students 
should acquire a grounding in the theory of 
the subject and master the basic skills neces¬ 
sary to extend their learning in the subject 
field. 

Students taking courses at the general level of 
difficulty can be expected to achieve reason¬ 
able competence in all of the core content 
areas. They will learn about safety on the job 
site, handling and use of pressurized and 
inflammable gases, fire control, and eye and 
skin protection from radiation burns (unit 1). 
The effects of the expansion and contraction of 
metal on the accuracy of measurement should 
be discussed (unit 2), and unit 12 should be 
covered fairly comprehensively, with special 
emphasis given to the various effects of heat¬ 
ing metals to high temperatures and the ef¬ 
fects of the introduction of impurities into 
welds. Units 13 ("Welding equipment"), 14 
("Arc welding fundamentals”), and 15 
("Oxy-fuel gas welding fundamentals") 
should be covered with a view to helping 
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students develop both knowledge and skill in 
these areas. Students taking this course should 
also be informed of the apprenticeship 
requirements in the welding trades, of the 
procedure for securing an apprenticeship, of 
local job opportunities, and of postsecondary 
programs that offer continuing study in the 
field. 

Courses for students interested in technical 
literacy should provide a survey of the subject 
field and place less emphasis on skill develop¬ 
ment. Unit 12 should be covered, with special 
emphasis on the molecular changes that take 
place when metals are subjected to high tem¬ 
peratures. Courses of this type should include, 
in addition to the core content, a thorough 
treatment of unit 3 (“Manufacturing 
processes”). Students taking such courses 
should have ample opportunity to produce ob¬ 
jects using welding tools and equipment and 
to obtain insights into the application to man¬ 
ufacturing of the materials, tools, equipment, 
and principles of the trade. Some instruction 
and discussion should deal with the use of 
welding in assembly lines. 

Practical projects should serve as themes for 
all courses based on this section. Students can 
learn the interrelationships among the skills, 
concepts, and facts presented in the course by 

applying them to the construction of an appro¬ 
priate project. A variety of projects can be 
chosen for this purpose - some requiring stu¬ 
dent input to the design, others requiring 
blueprint reading. Optional topics can be se¬ 
lected for their suitability to the chosen proj¬ 
ect. Projects that are functional and that the 
student can take home serve to increase stu¬ 
dent enthusiasm and interest. Practical work 
should involve metal fabrication because of the 
importance of welding in this industry. 

The evaluation of student achievement should 
be based equally on the theoretical and practi¬ 
cal components of this subject. For example, 
there should be some assessment of both 
ability to do assembly work and knowledge of 
the metallurgy fundamentals that may be 
involved. 



Welding 
Senior Division 
(Grades 11 and 12) 

Courses in welding for Senior Division may 
be offered at the basic and general levels 
of difficulty. Planning for these courses will 
continue to be based on the Grade 11 and 
Grade 12 components of the guideline Techni¬ 

cal Subjects RP-27, 1963: Welding. 

The courses may vary in time allotment, of¬ 
fering credit for up to 330 hours of in-school 
work each year. Courses in this subject area 
will have the three letters TMW as the stem of 
their course code. 

Work experience and co-operative education 
can provide excellent opportunities for students 
to gain practical experience and knowledge 

about employment in the welding industry. 
Exposure to the productive atmosphere gener¬ 
ated in an industrial shop, opportunities to 
work with experienced, mature tradespeople, 
and opportunities to gain practical experience 
on a variety of industrial equipment are all 
good reasons for organizing an out-of-school 
course component for students studying 
welding. 



Foundry Practice 
Intermediate Division 
(Grades 9 and 10) 

Foundry practice involves producing objects 
economically and efficiently by pouring molten 
material into a cavity or mould and allowing 
it to solidify. The various processes involved 
in this practice can facilitate the manufacture 
of parts that are intricately shaped or extremely 
large. Foundry practice can be related to the 
other subjects in the manufacturing grouping, 
to drafting and blueprint reading in the graph¬ 
ics grouping (the elements of casting design), 
and to woodwork in the construction grouping 
(aspects of pattern making). 

Courses in foundry practice can provide stu¬ 
dents with a perspective on how the metal¬ 
lurgical aspects of casting, mould processes, 
foundry technology (e.g., melting and pour¬ 
ing), and design technology (including the 
design of pattern equipment to facilitate the 
moulding process) relate to the production 
of a solid casting of desired shape. 

Courses in foundry practice are authorized for 
Grades 9 and 10 at basic and general levels 
of difficulty. Chart 8.1.4 identifies the core 
content for these levels. The aims and sugges¬ 
tions for designing courses at these levels 
are provided in the sections that follow the 
chart. 

The amount of in-school time allotted for 
Intermediate Division courses in foundry prac¬ 
tice may vary, depending on local require¬ 
ments, from a minimum of approximately 55 
hours over a two-year period to a maximum 
of 220 hours per year. If only the minimum 
time is available, then some of the core con¬ 
tent will necessarily be given superficial treat¬ 
ment. It is suggested that fuller treatment be 
given to those core items related to safety, 
measurement, hand tools and bench work, 
metallurgy, foundry equipment, moulding, and 
casting. 

Chart 8.1.4 
Core Content for 
Foundry Practice 
Intermediate Division 
(Grades 9 and 10) 

Content Units Core Content for Courses 

Basic General 

1. Safety abcf abcf 

2. Measurement acfj acfj 

3. Manufacturing processes ac 

5. Hand tools and bench work a a 

10. Grinding ad abdg 

12. Metallurgy cdfgi cdfghi 

19. Foundry equipment a a 

20. Moulding a ab 

21. Casting a ab 

32. Perspectives on employment a ab 

See “Course Content for the Manufacturing Grouping”, beginning on page 34, for description 
of the subunits a, b, c, etc. 
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Foundry Practice 

Basic Level 

Course codes assigned to basic level courses 
planned under this section will be TMF1B for 
Grade 9 and TMF2B for Grade 10. 

Aims 

Suggestions for 
Teachers 

In all courses based on this section, students 
will have the opportunity to: 

- develop the ability to work safely and com¬ 
petently with machines, tools, and materials 
involved in foundry practice; 

- understand the routines of foundry practice; 
- develop the confidence to perform, on their 

own initiative, the tasks related to foundry 
practice; 

- develop the ability to understand both oral 
and written instructions in the vocabulary 
used in foundry practice; 

An orderly and neat foundry shop will help 
create a safe environment for students and may 
also influence positively their views regarding 
good housekeeping habits. Teachers should 
see that proper safety equipment and clothing 
are available and used when students are 
working. Proper ventilation is very important 
in a foundry shop. Dust and toxic fumes 
must be exhausted, and proper lighting should 
be available at the worksite. 

A course offered at the basic level of difficulty 
to students who are considering employment 
in the metal casting trade must provide them 
with opportunities to acquire skills and experi¬ 
ences that are basic to the trade. 

- acquire the ability to produce a casting to a 
stipulated degree of accuracy; 

- learn some of the basic concepts of metal¬ 
lurgy related to the casting of metal; 

- acquire the ability to read a working drawing 
of a machine part that is to be cast; 

- learn how to work co-operatively with peers 
and supervisors; 

- acquire insight into the occupational oppor¬ 
tunities available in the metal casting and 
foundry industry. 

_i 
20 (“Moulding”), and 21 (“Casting”). Stu¬ 
dents should be informed of current employ¬ 
ment opportunities in foundry and related 
fields. They should also be made aware of the 
value of foundry skills and knowledge to 
individuals entering other fields of manufac¬ 
turing and design. 

The basic level courses in foundry practice 
should emphasize practical experience in 
moulding, casting, melting, pouring, and basic 
metallurgy. Most procedures should be intro¬ 
duced by demonstrations. Safe practices 
should be reviewed and students required to 
demonstrate competence in each new 
procedure. 

Students taking courses at the basic level of 
difficulty can be expected to achieve reason¬ 
able competence in all of the core content 
areas. Special emphasis should be placed on 
the safety practices required in the handling 
and pouring of molten metals (unit 1). There 
should be some discussion of the allowances 
for shrinkage (unit 2). Consideration should be 
given to conventional hand and bench tools, 
in addition to the specialized hand tools used 
in the metal-casting process (unit 5). The 
practical work in the course should focus on 
the development of the skills and knowledge 
identified in units 19 (“Foundry equipment”). 

The optional topics chosen should relate 
closely to the objectives that have been identi¬ 
fied for the course. The depth of treatment 
of the core and any additional content that may 
be selected for particular projects should suit 
the ability of the students and the facilities 
that are available for the program. 

The methods of evaluating student work and 
compiling marks should be very clearly pre¬ 
sented to the students. The evaluation of stu¬ 
dent achievement should be weighted towards 
the practical (i.e., approximately 25 per cent 
for the theoretical component and 75 per cent 
for the practical component of the course). 
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Additional suggestions regarding evaluation 
are discussed in the introduction to this module 
and on page 24 of Technological Studies, 

Part A: Policy for Program Planning. 

When planning courses in foundry practice, 
teachers should consider these suggestions and 
comments: 

- The construction, use, and care of tools and 
equipment may be taught using packages 
of information that are applicable to the par¬ 
ticular use the items are to be put to. Using 
each item appropriately for the particular 
task should be the objective in each case. 

- Melting and pouring wax is a safe and ef¬ 
fective way of demonstrating the casting 
process before pouring molten metals. 

- When discussing allowance for shrinkage, it 
is useful to compare the physical expansions 
of particular metals when they are heated 
with the expansion of water when it is 
heated. 

- Good-quality moulding sand should be used 
so that students can be assured of a success¬ 
ful mould each time. Oil-bonded sand is 
very effective for this puipose. 

- Projects should be simple in shape so that 
moulding can be accomplished in one pe¬ 
riod. In basic level courses, many students 
lose interest if the project carries over to 
two or three periods. 

- Students should have the opportunity to 
make the pattern they will mould. A better 
understanding of the puipose of the pattern 
is achieved by students who are involved 
in the full pattern-to-mould procedure. 

- At least one project that comprises three or 
four castings (such as a small cannon) 
should be part of the course. Such projects, 
which students can take home and show 
to their peers, provide a sense of achieve¬ 
ment and satisfaction. Matchplates are most 
suitable for this type of project. 

- Students should be made aware of the posi¬ 
tive relationship between good work habits 
and successful employment. They need 
continual encouragement to develop good 
work habits such as regular attendance and 
punctuality. Good housekeeping, conscien¬ 
tious shop organization, and the proper 
care of tools and equipment should be con¬ 
tinuing objectives of the course. 

General Level 

Course codes assigned to general level courses 
planned under this section will be TMF1G 
for Grade 9 and TMF2G for Grade 10. 

Aims In all courses based on this section, students 
will have the opportunity to: 

- develop a positive attitude towards good 
work habits, the ability to critically evaluate 
the results of their own work, and a sense 
of satisfaction in doing a good job; 

- develop an increasing awareness of them¬ 
selves as individuals and of their particular 
capabilities; 

- develop the ability to plan and perform tasks 
efficiently, using a logical sequence of 
operations; 

- understand and learn to perform various 
operations involved in the casting of metals 
in a manner that is safe both for themselves 
and for their fellow workers; 

- become familiar with the tools and equip¬ 
ment used in the foundry and be able to use 
them skilfully and safely; 

- learn to produce castings that are sound and 
accurate to the tolerances established by 
the teacher; 

- be introduced to the basic metallurgical 
aspects of casting and melting furnace 
operation; 

- develop, through the study of techniques 
and processes in foundry practice, an under¬ 
standing of the basic principles and their 
application in manufacturing processes; 

- acquire knowledge of careers and further 
training opportunities in metal casting, 
foundry, and related fields. 
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Suggestions for 
Teachers 

Teachers planning courses at the general level 
should refer to the suggestions for teachers 
in the preceding section for basic level 
courses. Many of the comments and sugges¬ 
tions for planning basic level courses in 
foundry practice can be adapted to the plan¬ 
ning of general level courses in this subject. 

Students should acquire a grounding in the 
theory of metal casting and should master the 
skills necessary to extend their learning in 
the field of foundry practice. 

Students taking courses at the general level of 
difficulty can be expected to achieve reason¬ 
able competence in all of the core content 
areas. Special emphasis should be placed on 
the safety practices involved in the handling 
and pouring of molten metals (unit 1). There 
should be some discussion of the allowances 
for shrinkage (unit 2), as well as of machine 
casting and the selection of casting metals 
to facilitate manufacture and production (unit 
3). Teachers should present conventional hand 
and bench tools in addition to the specialized 
hand tools used in the metal-casting process 
(unit 5). The practical work in the course 
should focus on the development of the skills 
and knowledge identified in units 19, 20, 
and 21. Students should be informed of em¬ 
ployment opportunities and of postsecondary 

programs that offer continuing study in this 
field. It is important to show students that 
knowledge of foundry practice is useful in 
many other industrial fields. 

Evaluation of student achievement should be 
based approximately 40 per cent on the theo¬ 
retical and 60 per cent on the practical com¬ 
ponent of the subject. Some assessment should 
be made of the quality of the casting with 
respect to defects and flaws. Some assessment 
should also be made of the student’s knowl¬ 
edge of the fundamentals of metallurgy that 
may be involved. 

When the required minimum of project work 
planned for the general level course is accom¬ 
plished by the student, “bonus” projects may 
be offered to create interest, motivation, and 
opportunities for design input. Examples of 
such projects are ash trays, wall plaques, 
house numbers, candle holders, name plates, 
and paper weights. 
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Foundry Practice 
Senior Division 
(Grades 11 and 12) 

Courses in foundry practice for the Senior 
Division may be offered at the basic and gen¬ 
eral levels of difficulty. Planning for these 
courses will continue to be based on the Grade 
11 and Grade 12 components of the guide¬ 
lines Technical Subjects RP-27, 1963: Wood¬ 

working—Pattern and Casting Processes and 
Elements of Mechanical Technology S.27D. 

1968. In addition, teachers may include op¬ 
tional topics of their own choice that are 
appropriate to Senior Division course objec¬ 
tives in foundry practice. 

The courses may vary in time allotment, of¬ 
fering credit for up to 330 hours of in-school 
work each year. Courses in this subject area 
will have the three letters TMF as the stem of 
their course code. 



Power Transmission and 
Control 
Intermediate Division 
(Grades 9 and 10) 

Computer-aided manufacturing (CAM), coupled 
with computer-aided design (CAD), is revolu¬ 
tionizing the world of production. These sys¬ 
tems are being applied not only to existing 
and rapidly changing technologies but also to 
new technologies. 

Power transmission and control is an important 
aspect of the manufacturing process. Interme¬ 
diate Division courses offered in this subject 
introduce students to the basic circuits and 
control devices involved in hydraulic, pneu¬ 
matic, electromagnetic, and mechanical sys¬ 
tems. These courses can also provide a variety 
of problem-solving, trouble-shooting, and 
design experiences related to other subjects in 
this grouping. All courses in this subject 
should appeal to students interested in engi¬ 
neering and the application of scientific prin¬ 
ciples and technology to the products and 
processes of manufacturing. 

Students taking these courses should be made 
aware of the postsecondary programs for 
engineering technicians and technologists in 
fluid power and related subjects offered at the 
colleges of applied arts and technology. Com¬ 
petence in mathematics, science, and com¬ 
munications is essential to student success on 

such a career path. Students can improve 
their skills in these areas as they investigate 
the various practical applications of power 
transmission and control. 

Courses in power transmission and control are 
authorized for Grades 9 and 10 at the general 
and advanced levels of difficulty. Chart 8.1.5 
identifies the core content for these courses. 
The aims and suggestions for designing 
courses at these levels are provided in the 
sections that follow the chart. 

The amount of in-school time allotted for 
Intermediate Division courses in this subject 
may vary, depending on local requirements, 
from a minimum of approximately 55 hours 
over a two-year period to a maximum of 220 
hours per year. If only the minimum time is 
available, then some of the core content will 
necessarily be given superficial treatment. It 
is suggested that fuller treatment be given 
to those core items related to safety, measure¬ 
ment, hydraulics, pneumatics, and 
instrumentation. 

Chart 8.1.5 Content Units Core Content for Courses 

Core Content for 
Power Transmission 
and Control 
Intermediate Division 

General Advanced 

1. Safety abcdg abcdg 

2. Measurement acgh acgh 

(Grades 9 and 10) 3. Manufacturing processes be be 

5. Hand tools and bench work abc abc 

12. Metallurgy bgh aedgh 

13. Welding equipment a 

14. Arc welding fundamentals a 

15. Oxy-fuel gas welding fundamentals a 

22. Hydraulics a ab 

23. Pneumatics a ab 

t 
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Content Units Core Content for Courses 

General Advanced 

24. Instrumentation a ab 

32. Perspectives on employment ab abc 

33. Computers and interfacing principles a 

34. Mechanical power transmission a 

See “Course Content for the Manufacturing Grouping”, beginning on page 34, for description 

of the subunits a, b, c, etc. 

General Level 

Course codes assigned to general level courses 
planned under this section will be TMC1G 
for Grade 9 and TMC2G for Grade 10. 

Aims In all courses based on this section, students 
will have the opportunity to: 

- develop the ability to work co-operatively 
with peers and supervisors; 

- develop sufficient confidence to perform a 
task on their own initiative; 

- acquire the ability to analyse critically a 
completed project and the willingness to 
make changes if necessary; 

- learn to work with pressurized circuitry in a 
manner that is safe both for themselves 
and for their fellow workers; 

- develop a general understanding of the 
function and operating principles of the 
components of typical hydraulic and pneu¬ 
matic circuits that control and actuate ma¬ 
chinery and equipment; 

- learn to handle skilfully and safely the vari¬ 
ety of hand and bench tools commonly 
used in the installation, service, and repair 
of power transmission and control systems; 

- acquire an understanding of the physical 
principles and technology (mechanics, prop¬ 
erties of materials, and electrical/electronic 
circuitry) related to the instrumentation of 
power transmission and control systems; 

- gain insights into the application of power 
transmission and control systems to manu¬ 
facturing processes; 

- learn about careers and further training op¬ 
portunities in the various fields associated 
with power transmission and control. 

Suggestions for 
Teachers 

The choice of optional topics should suit the 
objectives and practical experiences planned 
for courses based on this section. Two areas of 
content that are reflected in the aims but not 
in the core content are electricity/electronics 
and mechanics. Optional topics such as series 
and parallel electrical circuits and electro¬ 
magnetism as applied to electrical control, 
which may be appropriate to an understanding 
of particular applications, can be selected 
from the electrical grouping. 

Topics in mechanics that can be closely related 
to practical experiences in the course may be 
selected from unit 31 of this subject grouping. 
The depth of treatment of both the core and 
the optional content should reflect the ability 
of the students, the type of course that is 
being offered, and the facilities that are avail¬ 
able for the program. 

Students taking these courses with the goal of 
entering employment as apprentice millwrights 
or maintenance mechanics should have the 
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opportunity to experience and acquire the skills 
and knowledge that are basic to these trades 
and that will facilitate the continuation of their 
training. Safety on the job site and in proce¬ 
dures for repairing machinery (unit 1) should 
receive priority. Students need to develop 
skill and accuracy in making precision meas¬ 
urements and the related calculations for the 
various physical quantities involved in each 
machinery or system application (unit 2). 
Knowledge of assembly processes and of the 
use of various circuit control devices (unit 
3), understanding of metallurgy (unit 12), and 
reasonable proficiency in the selection and 
use of the various tools required for disman¬ 
tling and assembling machinery (unit 5) should 
also be acquired. Ideally, students with ap¬ 
prenticeship goals in these areas should also 
experience related training in machine shop 
and welding. A training profile that outlines 
the provincial curriculum for the millwright 
trade and that can provide guidance in the 
planning of these courses is available through 
the Linkage program. Information on this 
program is available from the directors of the 
regional offices of the Ministry of Education. 

Students taking a course based on this section 
with the goal of continuing to a postsecondary 
diploma program should be able to acquire a 
comprehensive overview of this subject field 
with a reduced emphasis on the development 
of particular skills. 

Some students may have a primary interest in 
hydraulics, others in instrumentation, and 
still others in mechanical technology or engi¬ 
neering. All should be able to acquire some 
familiarity with manufacturing processes as 
well as some understanding of the design as¬ 
pects of power transmission and control of 
machinery and equipment. Students should 
have ample opportunity to design and imple¬ 
ment projects in their areas of major interest. 
This practical activity may be of two types. 
The first involves solving problems by using 
models or breadboard techniques. The second 
type of activity involves trouble-shooting of 
equipment containing various circuits. A high 
proportion of student time should be spent 
on practical activities. 

The Grade 9 course should be exploratory in 
nature. A variety of components and circuit 
units should be available so that various types 
of circuits and systems can be set up. These 
should be supplemented with working pieces 
of equipment or machinery containing a 
variety of circuits. Examination of special 
hydraulically, pneumatically, or electronically 
controlled equipment, available in other shops 
at the school or at local manufacturing plants, 
can provide a valuable additional source of 
information and experience. 

Special safety rules related to specific mate¬ 
rials, equipment, procedures, and environ¬ 
mental conditions should be introduced when 
the appropriate circumstances arise. General 
safety procedures in the shop and the respon¬ 
sibility of every student to observe them 
should be discussed at the beginning of the 
course and closely followed. 

Emphasis in the evaluation of student progress 
will vary with the type of course and will 
reflect course objectives. In courses that meet 
the needs of students having postsecondary 
education goals, assessment should focus on 
the students’ skill and ingenuity in problem 
solving. Although knowledge of theoretical 
principles is important, it should not receive 
the primary emphasis in evaluation of student 
achievement. In courses planned to meet the 
needs of students who are proceeding directly 
to employment, the evaluation of student 
achievement should be based equally on the 
theoretical and practical components of the 
course. Development of students’ ability to 
work in groups should be an objective and an 
area for assessment in all courses based on 
this section. Additional suggestions regarding 
evaluation are discussed in the introduction 
to this module and on page 24 of Technologi¬ 

cal Studies, Part A: Policy for Program 

Planning. 
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Advanced Level 

Course codes assigned to advanced level 
courses planned under this section will 
be TMS1A for Grade 9 and TMS2A for 
Grade 10. 

Aims In all courses based on this section, students 
will have the opportunity to: 

- develop a positive attitude towards good 
work habits, the ability to critically evaluate 
the results of their own work, and a sense 
of satisfaction in doing a good job; 

- develop the ability to plan and perform tasks 
efficiently, using a logical sequence of 
operations; 

- develop an increasing awareness of them¬ 
selves as individuals and of their particular 
capabilities; 

- develop an understanding of the fundamen¬ 
tals of fluid mechanics in static and 
dynamic systems; 

- develop an understanding of the basic prin¬ 
ciples of hydraulic and pneumatic systems, 
particularly in manufacturing and mobile 
settings; 

- learn safe procedures for working with high- 
pressure liquids as well as lower-pressure 
air systems; 

- learn the proper use of basic hand and bench 
tools and of equipment used to install, ser¬ 
vice, and test fluid power systems and their 
related components; 

- acquire a knowledge of fluid power 
terminology; 

- develop an understanding of fluid power 
symbols and their use in interpreting, plan¬ 
ning, and servicing primary systems; 

- acquire an understanding of the physical 
principles and technology (electrical/elec¬ 
tronic circuitry, mechanics, materials, com¬ 
puter logic, basic interfacing techniques, 
and three-buss computer architecture) related 
to power transmission and control systems; 

- investigate computer-aided manufacturing, 
including applications of robotics in 
industry; 

- learn how a surveyor’s transit is used for 
machine layout, alignment, and set-up; 

- investigate educational requirements for ca¬ 
reers in manufacturing, technology, and 
engineering, with an emphasis on college 
and university programs. 

Suggestions for 
Teachers 

Introductory insights into topics such as series 
and parallel electrical circuits, logics and logic 
circuits. Boolean algebra, and integrated cir¬ 
cuits should be considered important parts 
of these courses. In addition, electromagne¬ 
tism, solenoids, and relays should be intro¬ 
duced. These topics may come from the 
electrical grouping. Mechanics may be inves¬ 
tigated through topics listed in unit 31 of 
this module. The depth of treatment of both 
core and additional content should reflect the 
abilities of the students, the objectives of 
the course, and the facilities and equipment 
available. The multidisciplinary nature of the 
content makes these courses very suitable 
to team teaching. 

Students taking courses based on this section 
should have demonstrated mathematical ability 
and an active interest in science. Courses at 
this level are directed towards students who 
plan to attend college or university. Emphasis 
should be placed more on why than on how. 
Students should gain some appreciation of the 
history and evolution of technology and engi¬ 
neering as reflected in manufacturing. 

Safety must be stressed not only in the me¬ 
chanical areas but in the electrical as well. 
Fluids and gases under pressure impose addi¬ 
tional risks. 
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Hydraulic principles - force, pressure, area, 
mechanical advantage, and efficiency - can be 
demonstrated with a hydraulic jacking system. 
Mathematical calculations can be proved with 
ease using such a system. A simple hydraulic 
circuit using a cylinder, a directional control 
valve, a relief valve, and a source of fluid can 
be set up to demonstrate control, velocity, 
pressure, volume, and working force. The 
same approach can be used in the field of 
pneumatics. 

The materials section should cover stress, 
strain, elongation, elasticity, and Hooke's law. 
The application and strength of various types 
of metal should be considered. The results 
of a load test on a turned test piece can be 
compared with the theoretical values calculated 
mathematically by the students. 

The control of fluid power systems is normally 
handled by means of pressure control valves, 
directional control valves, and flow control 
valves. A demonstration using limit switches 
at the end of the cylinder stroke can be used to 
illustrate how the principles of automated 
circuits are applied. A timer can be added to 
the system to introduce automated electric 
controls, and a pressure switch may be added 
to signal a movement. 

An elementary approach to computer applica¬ 
tions in manufacturing can be made using 
logic elements, gates, and truth charts. The 
binary and hexidecimal systems should be 
introduced to explain machine logic. 

A simple gear box system can be used to 
demonstrate speed and torque ratios and to 
illustrate how these are governed by the size 
of fluid power components in a machine 
system. 

These courses should emphasize an analytic, 
investigative, and design approach to the sub¬ 
ject matter. The practical and theoretical 
portions of the program should be mutually 
reinforcing. 



Industrial Control — Power 
and Processes 
Senior Division 
(Grades 11 and 12) 

Courses in industrial control - power and 
processes may be offered in the Senior Divi¬ 
sion at general and advanced levels of diffi¬ 
culty. Four types of courses may be offered 
under this guideline. Three focus on the spe¬ 
cialties of hydraulics and pneumatics, instru¬ 
mentation, and principles of technology, 
respectively. The fourth can be a combination 
of any of these three specialties under the 
general title of industrial control - power and 
processes. Planning for any of the four types 
of courses will continue to be based on the 
guideline Industrial Physics S.27C (11-12), 

1967. The courses may vary in time allot¬ 
ment, offering credit for up to 330 hours of 
in-school work each year. 

Courses in hydraulics and pneumatics intro¬ 
duce students to the theory, hardware, and 
design considerations of fluid power and con¬ 
trol applications. An understanding of the 
physical principles related to electronic/electri¬ 
cal devices commonly used in these circuits 
is also included. Courses in hydraulics and 
pneumatics will have the three letters TMH as 
the stem of their course code. 

Courses in instrumentation introduce students 
to the fundamentals of industrial process con¬ 
trol. The focus in these courses is primarily 
on the sensing, measurement, transmission, 
analysis, and control of the pressure, level, 
flow, distance, and temperature associated 
with various processes and operational sys¬ 
tems. Study of a variety of applications of in¬ 
strumentation facilitates investigation of 
common thermal, fluidal, mechanical, and 

electrical principles rather than specific design 
characteristics of the hardware involved. 
Courses in instrumentation will have the three 
letters TMI as the stem of their course code. 

Courses in principles of technology will intro¬ 
duce students to the technical principles that 
govern the behaviour of devices used in var¬ 
ious technological systems. The physical con¬ 
cepts and principles of force, work, power, 
rate, momentum, resistance, energy, force 
transformers, energy converters, transducers, 
vibrations, time constants, and radiation are 
investigated in the mechanical, thermal, elec¬ 
trical, and fluidal systems associated with 
various technologies and trades. Courses in 
principles of technology will have the three 
letters TMP as the stem of their course code. 

Courses in industrial control - power and 
processes may be planned to support themes 
involving any combination of topics from 
hydraulics and pneumatics, instrumentation, 
and principles of technology. Courses in in¬ 
dustrial control - power and processes will 
have the three letters TMC as the stem of their 
course code. 
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Summary of Core Content 
for Courses in the i 
Manufacturing Grouping 

Chart 8.1.6 

Content Units 
Machine Shop 
Practice 
(Grades 9-10) 

Sheet Metal 
Practice 
(Grades 9-10) 

Welding 
(Grades 9-10) 

Foundry 
Practice 
(Grades 9-10) 

Power 
Transmission 
and Control 
(Grades 9-10) 

Basic Gen Adv Basic GenlAdv Basic Genera1 Basic General General Advanced 

1. Safety be abeg abcefg abeg abeg abedeg abedeg abef abef abcdg abcdg 

2. Measurement abcm abcm abcgmn adn aden ahik abedhijk acfj acfj aegh aegh 

3. Manufacturing processes d d bd d ad d ad ac be be 

4. Layout ac ac abed d d c c 

5. Hand tools and bench work abc abc abc acd acd ac ac a a abc abc 

6. Lathe machining processes a ab ab 

7. Power sawing ab a a 

8. Drill press and operations ab ab ab a a 

9. Shaper operations 

10. Grinding abdg abcdg abedfg d bd adfg adfg ad abdg 

11. Milling machines and operations a ab abc 

12. Metallurgy a aci achi b bch cgi edghi cdfgi cdfghi bgh aedgh 

13. Welding equipment ab ab a 

14. Arc welding fundamentals ab ab a 

15. Oxy-fuel gas welding fundamentals a a a ab abc a 

16. Shearing, forming, and a ab 

joining 

17. Forming and seaming a a 

18. Sheet metal developments a ab 

19. Foundry equipment a a 

20. Moulding a ab 

21. Casting a ab 

22. Hydraulics a ab 

23. Pneumatics a ab 

24. Instrumentation a ab 

25. Ornamental metal work a ab 

26. Rigging 

27. Plastics 

28. Moulding, forming, and 

laminating of plastics 

29. Bonding of plastics a 

30. Quality control methods abc ac abc 

31. Mechanics 
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Summary of Core Content 

» 

Content Units 
Machine Shop Sheet Metal Foundry 

Power 
Transmission 

Practice Practice Welding Practice and Control 
(Grades 9-10) (Grades 9-10) (Grades 9-10) (Grades 9-10) (Grades 9-10) 

Basic Gen Adv Basic Gen!Adv Basic Genera1 Basic General General Advanced 

32. Perspectives on employment a ab abc a ab a ab a ab ab abc 

33. Computers and interfacing a 

principles 

34. Mechanical power a 

transmission 

35. cnc machines 

See “Course Content for the Manufacturing Grouping”, beginning on page 34, for description of the subunits a, b, c, etc. 
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Course Content for the 
Manufacturing Grouping * 

1. Safety a) Accident prevention in the shop; hazards 
from fumes; first aid procedures; 

b) safety in the use of machines, tools, mate¬ 
rials, and equipment; 

c) fire control and escape routes; personal 
safety: protective clothing, eye protection, 
risks of jewellery and loose hair; good 
housekeeping; 

d) accident prevention on the job site; 
e) arc radiation hazards; types and control of 

gases; gas toxicity; 
f) accident reporting; 
g) fire extinguishers; 
h) control of inflammable fluids; precautions 

in the use of acids and other chemicals. 

2. Measurement 

3. Manufacturing processes 

a) Measurement instruments - use, types, 
and care; steel rules; 

b) micrometers; external measurement with 
calipers; 

c) imperial and metric measuring systems; 
d) calculations for linear and circular 

distances; use of dividers; 
e) geometric figures; use of gauges; 
f) internal and external measurement with 

calipers; 
g) external measurement with verniers, cali¬ 

pers, and micrometers; internal measure¬ 
ment with calipers, verniers, telescope 
gauges, and micrometers; measuring de¬ 
vices for pressure, flow, velocity, and 
volume; 

h) temperature measurement; 
i) expansion and contraction; 
j) shrinkage rules; 
k) allowances, tolerance, and fits; 
l) the transit (for survey work); 
m) use of micrometers; 
n) allowances. 

a) History and development of various trade 
areas; terms; 

b) history and development of various trade, 
manufacturing, and engineering areas; 
types and uses of power transmission and 
control; computerization - cad/cam, 

robotics; 
c) the integration of various trades in the 

manufacture of products; assembly and 
production techniques and systems; 

d) apprenticeships; unions. 
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4. Layout 

5. Hand tools and bench work 

6. Lathe machining processes 

7. Power sawing 

8. Drill press and operations 

a) Basic layout; preparation of surfaces for 
layout; location and layout of drill holes 
and layout lines on flat surfaces; layout 
of centres on round stock or use of combi¬ 
nation square set; 

b) use of hermaphrodite calipers, combination 
square sets, parallels, V blocks, angle 
plates, surface gauges and surface plates, 
geometric and plain layout methods, pat¬ 
tern development; triangulation; 

c) basic layout; blueprint reading - welding 
symbols; 

d) basic layout and use of scribers, prick and 
centre punches, trammels, allowances, 
orthographic planes. 

a) Layout tools, work-holding devices, cut¬ 
ting tools, forming tools, fastening tools; 

b) taps, dies, and threading; 
c) types and uses of various metal fasteners; 
d) use of bench stakes; soldering irons and 

soldering. 

a) Lathe operation and safety; selection and 
setting of speeds and feeds; use of gradu¬ 
ated collars; centre drilling; end facing; 
parallel, shoulder, and taper turning; 
grooving; knurling; filing and polishing; 
radiusing and chamfering; 

b) purposes and techniques for use of various 
accessories; reaming; thread cutting. 

a) Care and use of various types of saws; 
safety; cutting off stock; contour sawing; 
cutting fluids; 

b) band filing; blade selection. 

a) Care and operation; safety; speeds and 
feeds; clamping and securing work; twist 
drill identification, selection, and use; 
drilling a hole to size and layout; 

b) drilling to a depth; countersinking; coun¬ 
terboring; drilling cylindrical work; jig and 
fixture use; spotfacing; reaming; cutting 
fluids. 
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Course Content for the Manufacturing Grouping 

9. Shaper operations a) Various types, sizes, and operating princi¬ 
ples; positioning and adjusting stroke 
length, setting speeds and feeds; shaping a 
flat surface; shaping a vertical surface; 
shaping rectangular work. (Note: This op¬ 
tional content should have low priority. 
In the metal machining industry, shapers 
have generally been replaced by vertical 
mills.) 

10. Grinding 

11. Milling machines and operations 

12. Metallurgy 

a) Operating principles of bench and pedestal 
grinders; 

b) off-hand grinding; 
c) types, sizes, and operation of surface 

grinder; 
d) maintenance and safe use of grinders; 
e) magnetic chuck techniques; grinding plain 

and parallel surfaces; 
f) types and sizes of bench and pedestal 

grinders; 
g) adjustment of tool rests and eye shields. 

a) Milling machine operation and safety; 
types of horizontal and vertical milling 
machines; work-holding devices; speed and 
feed setting; plain milling, milling rectan¬ 
gular work; horizontal and vertical plain 
milling operations; use of graduated 
collars; 

b) sizes and maintenance of horizontal and 
vertical milling machines; 

c) side and end milling; changing cutters and 
arbors; dividing head use; conventional 
and climb milling. 

a) 

b) 

c) 

d) 

e) 
f) 

g) 
h) 
i) 

Metal identification; hardening, tempering, 
and case hardening; annealing; basic metal 
shapes; spark testing; 
SAE classification of sheet metal; corrosion 
resistance; 
physical properties of various ferrous and 
non-ferrous metals; 
stress, strain, area, tension, compression, 
Young’s modulus, shear; 
alloys, normalizing; 
distortion control and shrinking; basic 
metal shapes; 
sae classification of steel and iron; 
manufacture of steel and iron; 
forge and furnace operation and safety. 
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Course Content for the Manufacturing Grouping 

13. Welding equipment a) Air circulation requirements; eye protec¬ 
tion; protective clothing; cables; pressure 
regulators; arc welding machines; spot 
welders; holders; 

b) cylinders; torches, manifold systems, re¬ 
verse flow (check) valves; gases and gas 
production. 

14. Arc welding fundamentals a) Welding circuits and energy sources; ad¬ 
justment of current and polarity; spot 
welding; other special resistance welding; 

b) bead formation - arc length; current setting 
angle; speed of travel of electrode; weld 
defects; weaving; starting and stopping 
arc; joining beads; joint formation - butt, 
lap, corner edge, and tee joints; prepara¬ 
tion, application, and welding of each 
type; weld testing, welding defects; simple 
strength tests; electrode and rod selection 
- classification and selection of various 
rods and electrodes for welding and braz¬ 
ing mild steel and other metals. 

15. Oxy-fuel gas welding fundamentals a) Proper regulator and torch adjustments; 
types of flames; flashback and backfire; tip 
selection; 

b) running lines of fusion with and without 
filler rod; braze welding; manual and ma¬ 
chine oxy-fuel gas cutting - torch-cutting 
attachments; tip selection; circle cutting; 
piercing; straight and bevel cuts; cutting 
faults and problems; 

c) calculations, layout, and kerf allowances. 

16. Shearing, forming, and joining a) Types and uses of shears, adjustable bar 
folders, standard hand brakes, box and 
pan brakes, lock roll and slip roll formers; 
cutting; forming, folds, bends, and rolling; 

b) punching and notching. 

17. Forming and seaming a) Care and use of the lockformer, turning 
machine, burring machine, grooved seam- 
er, wiring machine, and easy edger; 
production and application of rolled and 
grooved seams, double seams, and wired 
edges. 
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Course Content for the Manufacturing Grouping 

18. Sheet metal developments a) Layout and fabrication of rectangular de¬ 
velopment from an edge or line; 

b) centre line development for tapered, flat, 
and rectangular shapes; 

c) parallel line development for cylindrical 
shapes and intersections; 

d) radial line development for conic taper 
shapes and intersections; 

e) triangulation development; 
f) seam allowances and assembly techniques; 
g) use of reference edges, lines, and points 

for accuracy. 

19. Foundry equipment a) Types and bonds of foundry sands; mould¬ 
ing requirements; patterns, types, and 
colour schemes; flasks; foundry tools. 

20. Moulding a) Methods of ramming, cope, and drag; 
sources of gas and venting a mould; types 
of moulding - bench, floor, and machines; 
cores and coremaking; ^ 

b) sand preparation (mixes and bonding), M 

types of cures, cure reinforcing, core coat- ^ 
ing and pasting, core baking. 

21. Casting a) Furnace types and uses; alloys; melting 
and pouring temperatures; care and use of 
pyrometers; pouring equipment safety; 
cleaning and finishing castings - gate and 
riser removal, filing and buffing, commer¬ 
cial cleaning operations, protective finishes; 

b) tumbling, sand blasting, casting inspection; 
c) introduction to alternative casting processes 

- die casting, permanent mould casting, 
centrifugal casting, shell moulding, invest¬ 
ment casting. 

22. Hydraulics a) Characteristics and use of hydraulic sys¬ 
tems; elementary circuits; function of cir¬ 
cuit components; utilization for production 
and control; 

b) basic principles - Pascal's law, force, 
pressure, area, fluids as liquids and gases; 

c) graphic symbols. 

23. Pneumatics a) Characteristics of pneumatic systems; ele¬ 
mentary circuits; function of circuits; com¬ 
ponents; utilization for production and 
control; 

b) basic principles - Boyle’s law, Charles’s 
law; elementary systems; graphic symbols; fll 

c) characteristics of air. 
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Course Content for the Manufacturing Grouping 

24. Instrumentation a) Types and characteristics; types of move¬ 
ments; function as circuit components; 
utilization for production and control; 

b) the computer as a controller; introductory 
end-to-end control. 

25. Ornamental metal work a) Types, shapes, and applications; methods 
of shaping and fastening; metal finishes 
and coatings; 

b) design fundamentals - alternative 
assemblies. 

26. Rigging a) Types and use of hoisting and lifting 
equipment, slings, and attachment tech¬ 
niques; levelling and alignment techniques. 

27. Plastics a) Types and uses; thermosetting and thermo¬ 
plastic materials; polymerization; use of 
plasticizers, pigments, solvents, lubricants, 
fillers, and stabilizers. 

28. Moulding, forming, and laminating of 
plastics 

a) Types of moulding and their application; 
mouldmaking; forming and bending tech¬ 
niques; extrusion; laminating methods and 
applications; fabricating techniques. 

29. Bonding of plastics a) Bonding materials and their uses; cohesive- 
and adhesive-bonding welding techniques 
and applications. 

30. Quality control methods a) Reasons for quality control and inspection; 
b) effects of temperature variations and ap¬ 

plied pressure on measurement of parts; 
reasons for applying tolerances to produc¬ 
tion parts; principle of interchangeability 
using limits and fits; importance of surface 
finish of parts; 

c) destructive and non-destructive testing 
methods; use of dyes, X-rays, 
comparators. 

31. Mechanics a) Forces, tension, compressions, shear, ac¬ 
tion and reaction; energy, work, power; 
types of friction, factors controlling fric¬ 
tion, and lubrication; mechanical advantage 
of machines, levers, wheel and axle, pul¬ 
ley systems, toothed gear, screw, inclined 
plane. 



Course Content for the Manufacturing Grouping 

32. Perspectives on employment 

33. Computers and interfacing principles 

34. Mechanical power transmission 

35. cnc machines 

a) Nature of work; occupations and related 
jobs; wages and job requirements; obliga¬ 
tions and rights of employer and employ¬ 
ees; local firms and organizations; union 
affiliations; further education and training - 
apprenticeship; 

b) postsecondary education; 
c) professional organizations. 

a) Three-buss system in a basic computer 
system, purpose of each section; purpose 
of ram and ROM; purposes of interfacing a 
computer to a fluid power system for ro¬ 
botics and/or other automatic systems. 

a) Gears and gear boxes - principles of gears, 
purposes and applications, types of gears, 
speed and torque ratios, input/output, effi¬ 
ciency, shafts; bearings and pillow-boxes; 
power threads. 

a) Basic concepts of cnc machining processes 
and codes. 
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Appendix 
Courses in Technological 
Studies (by Subject Grouping) 

^Courses identified with this symbol will continue for the time being to be based in part on 
existing Senior Division guidelines, such as the Elements of Technology series and particular 
Grade 11 and 12 outlines in Technical Subjects RP-27, 1963. 

Course 
Course Div Approved Course Levels Code 

1. Transportation Automotive Mechanics Int Basic General Advanced TAM 
Grouping Automotive Mechanics* Sr Basic General Advanced TAM 

Auto Body Repair Int Basic General TAB 
Auto Body Repair* Sr Basic General TAB 

Small Engines Int Basic General TAE 
Small Engines* Sr Basic General TAE 

Service Station Attendant Int Basic TAS 
Service Station Attendant Sr Basic TAS 

Agricultural Equipment Servicing Int Basic General TAG 
Agricultural Equipment Servicing Sr Basic General TAG 

2. Construction Woodwork Int Basic General Advanced TCW 
Grouping Construction Technology* Sr Basic General Advanced TCY 

Carpentry* Sr Basic General TCC 

Industrial Woodwork* Sr Basic General TML 

Masonry and Trowel Trades Int Basic General TCT 

Masonry and Trowel Trades Sr Basic General TCT 

Heating, Refrigeration, and Air Int Basic General Advanced TCH 

Conditioning 
Heating, Refrigeration, and Air Sr Basic General Advanced TCH 

Conditioning* 

Plumbing and Pipefitting Int Basic General TCP 

Plumbing and Pipefitting* Sr Basic General TCP 

Building and Equipment Int Basic General TCM 

Maintenance 
Building and Equipment Sr Basic General TCM 

Maintenance 

Custodial Services Int Basic TCS 

Custodial Services Sr Basic TCS 

Painting and Decorating Int Basic General TCD 

Painting and Decorating Sr Basic General TCD 



Appendix 

Course 
Course 

Div Approved Course Levels Code 

3. Electrical Applied Electricity Int Basic General Advanced TEA 
Grouping Electrical Technology* Sr Basic General Advanced TEY 

Electronics Int General Advanced TEL 
Electronics* Sr General Advanced TEL 

Electrical Appliance Repair Int Basic General TER 
Electrical Appliance Repair Sr Basic General TER 

Computer Technology* Sr General Advanced TEC 

4. Food Services Baking Int Basic General TFB 
Grouping Baking Sr Basic General TFB 

Food Preparation - Commercial Int Basic General TFC 
Food Preparation - Commercial Sr Basic General TFC 

Food Preparation - Domestic Int Basic General TFD 
Food Preparation - Domestic Sr Basic General TFD 

Restaurant Services Int Basic General TFR 
Restaurant Services Sr Basic General TFR 

5. Graphics Drafting Int Basic General Advanced TDR 
Grouping Drafting - Architectural* Sr General Advanced TDA 

Drafting - Electrical* Sr General Advanced TDE 
Drafting - Mechanical* Sr General Advanced TDM 
Drafting - Comprehensive* Sr Basic General Advanced TDG 

Blueprint Reading and Sketching Int Basic General Advanced TDB 
Blueprint Reading and Sketching Sr Basic General Advanced TDB 

Graphic Communications Int Basic General Advanced TGR 
Graphic Communications* Sr Basic General Advanced TGR 

Photography Int Basic General Advanced TGP 
Photography Sr Basic General Advanced TGP 

Vocational Art* Int Basic General Advanced TGV 
Vocational Art* Sr Basic General Advanced TGV 
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Course 
Course 

Div Approved Course Levels Code 

6. Horticulture General Horticulture Int Basic General Advanced THO 
Grouping General Horticulture Sr Basic General Advanced THO 

Landscape Design and Int Basic General THL 
Maintenance 

Landscape Design and Sr Basic General THL 

Maintenance 

Nursery Production Int Basic General THN 
Nursery Production Sr Basic General THN 

Greenhouse Production Int Basic General THG 
Greenhouse Production Sr Basic General THG 

Floral Design Int Basic General THD 
Floral Design Sr Basic General THD 

7. Materials, Processes, Industrial Arts, Grades 7 and 8 Int — — — — 

and Design Grouping Industrial Arts, Int Basic General Advanced TIN 

Grades 9 and 10 
Industrial Arts Sr Basic General Advanced TIN 

Design Studies Int Basic General Advanced TID 

Design Studies Sr Basic General Advanced TID 

Elements of Technology* Int Basic General Advanced TIE 

Elements of Technology* Sr Basic General Advanced TIE 

8. Manufacturing Machine Shop Practice Int Basic General Advanced TMS 

Grouping General Machinist* Sr Basic General Advanced TMS 

Millwright* Sr General Advanced TMM 

Mechanical Technology* Sr General Advanced TMY 

Sheet Metal Practice Int Basic General Advanced TMT 

Sheet Metal Practice* Sr Basic General Advanced TMT 

Welding Int Basic General TMW 

Welding* Sr Basic General TMW 

Foundry Practice Int Basic General TMF 

Foundry Practice* Sr Basic General TMF 

Power Transmission and Control Int General Advanced TMC 

Industrial Control - Power and Sr General Advanced TMC 

Processes* 
Hydraulics and Pneumatics* Sr General Advanced TMH 

Instrumentation* Sr General Advanced TMI 

Principles of Technology* Sr General Advanced TMP 
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Course 
Course Div Approved Course Levels Code 

9. Personal Services Cosmetology Int Basic General TPC 
Grouping Cosmetology Sr Basic General TPC 

Guiding and Tourist Services Int Basic General TPG 
Guiding and Tourist Services Sr Basic General TPG 

Home Nursing, Child Care, and 
Health Care Services 

Int Basic General TPH 

Home Nursing, Child Care, and 
Health Care Services 

Sr Basic General TPH 

10. Textiles 
Grouping 

Sewing and Clothing 
Construction 

Int Basic General TXS 

Sewing and Clothing 
Construction 

Sr Basic General TXS 

Textile Maintenance and 
Servicing 

Int Basic General TXM 

Textile Maintenance and 
Servicing 

Sr Basic General TXM 

Upholstery Int Basic General TXU 
Upholstery Sr Basic General TXU 
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Machine Shop Practice (Grades 9-12) 

Sheet Metal Practice (Grades 9-12) 

Welding (Grades 9-12) 
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