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ABSTRACT

Title of Program: Occupational Education Articulation Program
Program Coordinator: Wm. Edward Henderson, Jr.
Sponsoring Agencies: The School Distzict of Greenville County

and Creenvilile TeChnical College
c/o P.O. Pox 2848 ~ 301 Camperdown Way
Greenville, SC 29602

Program Development

Period:

PURPOSE:

METHOD:

July 1, 1983 through June 30, 1984

Te develop a continuous line of vocationzl training in similar
Electricity (Residential/Industrial) programs so that students
may continue their career/vocational education at the sec-
ondary and post-secondary levels without loss of time or waste
of effort in repeating tasks that have been mastered pre-
viously.

To provide a system where teachers can cooperate effectively
in providing a continuous occupational developrant program
where the level and type of training that leads to entry-level
employment skills will be clear to students, teachers, other
educators, and potential employers.

Electricity (Residential/Industrial) instructor representa-
tives from the four secondary level career centers of the
School District of Greenville County and the post-sscondary
level Electricity Department Head from Greenville Tecnnicszl
College were brought together in task force committee meetings
and workshops to survey very similar areas of vocational
training to identify possible overlaps or gaps as students
continue electricity training from the secondary level to
post—-secondary level. 1In addition, lateral articulation of
electricity programs at the secondary level was promoted.

This Articulated, Performance-based Instruction Objectives
Guide for Electricity, was developed by The Task Force Commit-
tee on Electricity to facilitate articulation. The Task Firce
Committee, by the task analysis process, identified the
minimum essential competencies for the se¢condary electricity
graduate to continue training at the higher level of labor
market in the trade. Major objectives for competency were
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stated, pevformance to obtain the objectives were clarified,

. enabling actions were identified and placed in sequential
order, instruction time was estimated, and performance stan-
dards were stated. Finally, outcome-referenced (criterion-
referenced) measures of performance were developed as a guide
in articulating (articulation).

RESYLTS: As a result of the project davelopment phase, the Articulated,
Perfecrmance~based Instruction Objectives Guide for Electricity
was developed. This articulation guide, however, is not a
final product since it must be field trial tested and ravised.
¥Yodiiicotions and improvements to the guide are expected since
the process of education must be reviewed continually to
ensure that objectives are valid and are being met as best
they can be met under given conditions.

Prior to development of this articulation guide, and Articu-
lation Policies and Procedures Guide was developed to aid
articulation activities and was used to direct program and
product (guide) development activities.

Workshop guides, developed and refined during an earlier phase
of the program were used to assist task force committee
participants in obtaining task analysis data, writing perfor-
mance-based objectives, identifying performance actions to
reach the objectives, stating performance standards, and

0 developing outcome~referenced tests. These how-to~do~it
guides are usable at the instructional level as well as at the
supervisgory level.
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PREFACE

This Articulated, Performance-based Instruction Objectives Guide is
based on the following ASSUMPTIONS:

l.

2.

The grouping of tasks is more conducive to skill development in
vocational education.

Potential employers probably would prefer an employee well educated

in the basics with more detailea on-the-job b training provided by
the employer.

Among topics that should be included in vocational education are;

safety, career opportunities, how to get and Keep a job, and the

job attitudes that often are the kev to employee success and job
retention,

A premise of the articulated, performance~based instruction guide
is that it ic absolutely essential that career/vocational educa-
tion/traininrg be based on the knowledges, skillg, abilities, and
personal characteristics that are important to success on the job,
i1f the vocational program is going to validly serve the needs of
students and potential employers of the community.

Anothzr premise in the articulated instruction guide is that
vocational education can no longer be developed according to
program titles, be time-based, lack flexibility, or overlook basic
fundamentals if the program is to meet the needs of a constantly

changing work force, meet the needs of students and employers, and
be of the highest quality.

Substantial research clearly indicates that instructional techno-
logy and accountability demands are increasing the movement toward
the use of ingtructional systems.

The systems approach, a method of organizing the instructional
situation, methods, media, materiais, and equipment so that the

maximum knowledge and gkill development may be achieved, is pro-

moted because it directs its attention toward teaching the observ-
able behaviors that the vocational student should possess at the
termination of instruction.

The instructional program described in this articulated, perfor-

mance~based instructional objectives guide has been assembled by
participating instructor task force committee representatives
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9.

10.

11.

te{resentinf the School District of Greenville County and Green-
vilie Technical College and it is based on the concept that the

minimum tasks described should be those identified for successful
entry level employment according to local task analysis informa-
tion, state-of-the-art literature, similar/related research/publi-
cations, and the expertise of the instructor participants.

The articulated instruction guide illustrates one way the (secon-
dary) curriculum may be organized. The example is not intended to
imply that there are not other ways to structure the curriculum.

The articulated instruction guide should be perceived as a vehicle
to facilitate the development of alternate, detailed instructional
plans for the individual learner.

While the objectives in this guide typically have been arranged in
a sequence from less to more difficult in performance or as they
might occur on the job, the sequence of tasks is not meant to
indicate a required pattern.

The "suggested minimum instruction times™ are included for planning
purposes and may be extended as required for the completion of task
nbjectives. An underlying premise of the articulated instruction
guide 1s that it is more desirable for the student to complete some
objectives and gain some employable gkills rather than to be
introduced to a large number of tasks and not acquire any employ-~
able skills.

The actual amount of time requited for each task objective may vary
according to the local program objectives and depending upon the
individual needs of the learner, the instructor, and the
facilities/materials available.

While it may become necessary to modify the vocational program from
the articulated guide description, a lowering of the minimum
standards (competency level) recommended (typically by industry)
should be avoided to ensure that the ptogram graduate can demon-
strate a minimum performance essentizl to employment success.

This articulation guide was drafted in a period of less than twelve
months so that a product production deadline of twelve months might
be met.

If the vocational program was too complex to describe in one-year
because of the number of major tasks, emphasis was placed on
successfully describing the first year of the two-year, secondary
level, vocational program so that there would be a foundation for
further development. Completion of the second year program tasks
were described as the remaining time allowed.

Because of a restricted development time frame, emphasis was placed
on developing a sound and valid articulation guide which might be
refined at a later date.

Gteenville, SC W.E.H.
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LEVEL:
TITLE:
DESIGNATION:

DESCRIPTION:

OBJECTIVE:

ELECTRICITY

Secondary

Electricity I

Electricity I | COMPUTER NUMBER: 755

Electricity I and II are designed to provide the knowl-
edges and skills necessary for the graduate to success-

fully enter the electrical and apprentice: (1) CONSTRUC~
TION ELECTRICIAN with primarily work in new construction

or building projects or (2) INDUSTRIAL ELECTRICIAN whose
work might involve the assembly, installation, and wiring
of heating, lighting, power, air-conditioning, and
refrigeration components as well as the installation of
electrical machinery, electronic equipment and controls,
and signal and communications systems. Another type of
work in industry is as a MAINTENANCE ELECTRICIAN who
specializes in keeping existing electrical systems and
equipment in working order, spending most of the time on
preventive maintenance and being prepared to quickly
diagnose problems and make repairs to keep production
activities in operation.

Electricity I concentrates on introducing the student to
the fundamentals of residential, commercial, and indus-
trial wiring, and transformers. . Careexr opportunities in
the electrical field, trade safety, the proper use and
care of hand and power tools, blueprint reading, electri-
cal math formulas, as well as basic residential wiring
and electrical instruments are learned during the first
year of training.

The student will learn to read and interpret the National
Electrical Code to calculate voltage drop, the proper

selection of various sizes and types of wires, the
application of theory design, and the various laws of
electricity governing current flow.

The skills and knowledges learned from Electricity I are
those typically expected of the ELECTRICIAN HELPER.

Upon completing the first year of secondary level elec-
tricity training, the student should be able to assist an
electrician in the installation and repair of electrical
wiring, fixtures, and equipment by performing any combi-
nation of such tasks as making linear measurements to the
fraction of an inch, cutting and bending conduit, cutting
and stripping wires, and making electrical connections
under the supervision of the electrician.
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PERFORMANCE
EVALUATION:

The student should be able fo properly use and care for
the electrician's hand tools; power tools ~uch as drills
and sabre saws; as well as ladders and conduit benders.
The student should be able to drill or cut holes for
wiring and pull/push wires through openings and be able
to provide mounting holes for electrical fixtures or
apparatus. .

The student should be able to agsist the electrician in
lifting, positioning, and fastening objects such as
wiring, conduit, and electrical devices like motors.
After the firgt year of training, the electricity student
should be able to perform minor repairs such as replacing
fuses, light bulbs, sockets and switches, or electrical
parts in machines. The student should be able to cor-
rectly use and maintain hand and power tools and keep
supplies and parts in order. The student should be able
to disassemble defective equipment, such as motors, or
assemble electrical devices, using hand tools under the
supervision of the electrician.

The primary objective of the first year of training is to
qualify the student for a second year of advanced study
in residential, commercial, and industrial electricity:
however, upon successfully completing the first year of
electricity, the student should be able to demonstrate
the minimum skills and knowledges expected of an ELECTRI-
CIAN'S HELPER.

Evaluation will be by written outcome-referenced tests
emphasizing transfer and performance type tests and by
simulated/actual performance tests where the student may
demonstrate the performance process and product.

The student should be able to read/interpret the National
Electrical Code, electrical equipment service and parts
aanuals, electrical blueprints and schematics as well as
electrical symbols and color codes.

The student should be able to correctly identify, use and
care for electrical hand tools, power tools, and electri-
cal measuring devices such as basic voltmeters, mulfi-
meters, and amueter..

The student should be able to identify standard types of
residential electricsl wire, switches and receptacles.

The student should be azble to correctly locate and
install ranels and boxes, meeting code requirements.

The student should be able to correctly cut and strip
wire and make alectrical connections to panels, switches
and receptacles and electrical equipment.
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. PREREQUISITES: None
Suggested Grade Level: 11 (Juniors)

Recommended high school courses which may contribute to
the success of the electricity student include: Physics,
Trigonometry, Algebra I and IT. Other helpful courses
are General Mathematics, Physical Science, Industrial
Arts, and Prevocation.

The electilcity student should be prepared to learn, to
read graphs and diagrams; translate and work with algebra
and trigonometry formulas; read linear measurements to
the fractions of an inch; and accurately interpret
electrical test instrument dials or meters.

The successful electricity student must be able to read
and interpret the National Electrical Code as well as a
variety of technical manuals and instruction publica-
tions. The electricity student should be able to quickly
adapt to concepts of terms such as voltage, amperage, and
wattage; should be able to interpret electrical symbols,
a variety of equations, and color codes; and should be
willing to apply theoritical principals and problem
solving techniques to resolving practical situations.

. The electricity student should have average physical
strength and ability, numerical and spatial aptitude,
color discrimination, manual dexterity, and good eye-hand
coordination,

Readiness skills for electricity training should include
the ability to adapt to the use of tools such as the
screwdriver, pliers, electrician's knife, hammzz, hack-
saw, chisel, and hand or power drill.

REQUIRED INSTRUCTION HOURS:

System Year
Division Class/Lab
Credits 3
Hours 540




LEVEL:
TITLE:
DESIGHATION:

DESCRIPTION:

OBJECTIVE:

Secondary
Electricity 11
ELECTRICITY I1 ,COMPUTER NUMBER: 756

Electricity II is designed to further prepare the gradu-
ate for entry apprenticeship as a CONSTRUCTION ELECTIRI-
CIAN or as an INDUSTRIAL or MAINTENANCE ELECTRICIAN.

The second year electricity student studies Residential,
Commercial, and Industrial Wiring, applying and expanding
the fundamentals learned during the first year, and
applying the Wational Electrical Code.

Residential wiring topics include: Low voltage control
systems; installing 240 volt grounded outlets; wiring a
hot water heater, range, or wall heater; conrnecting and
disconnecting a 240 volt central heating and cooling
circuit; calculating loads, wire sizes, and voltage drop.

Commercial wiring topics may include calculating service
loads for a small commercial building; locating service
entrance equipment and writing speclifications. Other
commercial wiring topics may include: Calculations for
electric motors, heaters, and welders; calculating
120/277 volt lighting loads and 120/208 loads for recep-
tacles; selecting and installing a 3-phase, 4-wire, 480
volt panel; installing a 480/208-120 volt, 3-phase,
4eyire service; selecting and installing panels and
distribution equipment; selecting and installing 277 volt
fluorescent lighting, and operating a 3-phase synchronous
motor. Additional topics may include; DC motors, single
and three phase alternators, induction regulators, and
other motor topics.

Graduates of the two-year secondary program in electri-
city should be able to plan and layout an electrical
installation, install or repair wiring, electrical
fixtures, apparatuses, and control equipment. The
graduate should be able to plan new electriral installa-
tions or modifications to minimize wzste or materials,
provide access for future maintenance, and avoid un-
sightly, hazardous, or unreliable wiring; consistent with
specifications, blueprint and applicable electrical
codes.

The graduate should be able to prepare or interpret
sketches showing location of wiring and equipment, ‘or
follow blueprints, insuring that concealed wiring is
installed before completion of future walls, ceilings,
and flooring in construction work. The electricity
graduate should be able to measure, cut, bend, thread,
assemble and install electrical conduit, using such tools
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PERFORMANCE
EVALUATION:

as the hacksaw, pipe threader, and conduit bender. The
graduate should be able to pull/push wires through

conduit.

The graduate should be able to splice wires by correctly
stripping insulation from terminal leads by the electri-
cian's knife, pliers, or wire stripper and fasten wires
by twisting, soldering, or using crimping devices and
protecting the connection with such devices as terminal
caps or electrical tape. The graduate should be able to
connect wires to lighting fixtures, outlets, and power
equipment; install control and distribution apparatus,
such as switches, relays, and circuit-breaker panels; and
fasten them in place using screws and bolts.

The electrician connects power cables to equipment such
as household appliances or industrial dewvices, like
motors, and installs grounding leads. The graduate tests
the continuity of circuits to ensure electrical compati-
bility and safety of components and users, using testing
instruments such as the chmmeter, voltmeter, clamp-on
ammeter or amprobe, multimeter or other test equipment.

The graduate should be able to observe the functioning of
installed equipment of systems to detect hazards or the
need for adjustments, relocation, or replacement. The
graduate should be able to apply theoretical knowledge
and practical skills to analyze electrical installations
and repair faulty equipment of systems.

The objective of the two-year electricity program is to
qualify the student as an APPRENTICE ELECTRICIAN qual-
ified for construction or maintenance electrical work.

Evaluation will be by written outcome-referenced tests
emphasizing transfer and performance type tests and by
simulated/actual performance tests where the student aay
demonstrate the performance process or product.

The graduate of the two-year program in electricity must
be able to interpret and apply the National Electrical
Code.

Performance and products must be within Code or other
specified safety, fire, and shop rules/regulatiomns.

Electrical mathematical problems must be accurately
calculated, electrical symbols and blueprints or diagrams
and sketches must be correctly read and electrical
measuring instruments must be used and read.

Electrical tools and equipment must be correctly used and

cared for and correct electrical parts/components must be
selected/used.
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PREREQUISITES:

All electrical connections must be mechanically and
electrically secure. Connections must be made by the
proper/recormended procedure, properly insulated, and
meet Code requirements.

The graduate should be able to accurately read service
manuals, use a parts catalog, and complete an equip-
ment/material order.

Motors and machinery connected tec electrical circuits
must operate to specifications.

Performance must be to the minimum industrial standards
outlined in this Articulated, Performance-based Instruc-
tion Objectives Guide for Electricity (secondary).

Electricity I
Suggested Grade Level: ]2

Recommended math and readirg levels applicable to Elec~
tricity I represented by the ability to read and inter-
pret the National Electrical Code and correctly perform
mathematical calculations using electrical formulas.

REQUIRED INSTRUCTION HOURS:

{System Year
IDivision Class/Lab
Credits 3
Hours 540

TOTAL REQUIRED INSTRUCTION HOURS FOR
SECONDARY ELECTRICITY PROGRAM:

WORKING
CONDITIONS:

System 2=-Years
Division Class/Lab
Credits &
Hours 1,080

The electrician should like working in activities; with
tangible results, involving physical and mental tasks,
sometimes, requiring problem solving using tests and
experiments, and working with plans and diagrams as well
as energy producing and controlling devices. The elec-
trician should be able to work satisfactorily with
people.

The electrician should be prepared to follow local
step~by=-step procedures, emphasize safety practices, work
patiently alone or as a member of a team, read and follow
the National Electrical Code or other applicable codes or
manuals, pay attention to detail and take pride in an
accurately completed job.

6
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EMPLOYMENT
OPPORTUNITIES:

Physically, the electrician must be able to operate a
variety of hand and power tools, to work in a variety of
postures, sometimes cramped, and should be able to climb
and maintain body balance at moderate heights. The
electrician's vision should be good, with correction if
necessary; and work typically will require distinguishing
color differences to identify components and circuits.
The electrician should be capable of gripping, stretch~
ing, pulling, and lifting heavy weights of at least 50
pounds.

Electricians may be required to work on ladders or on
scaffolds in awkward or cramped positions. Minor hand
cuts and scratches from working with wire and metal is
not uncommon. Electricians must exercise caution and
accuracy in their work which often involves potentially
hazardous, high-voltages: Errors in wiring installations
could easily endanger both the electrician and others.
Fer safety, electricians should follow the National
Electrical Code specifications as well as local appli-~
cable codes.

Electricians may be required to furnish their owm tools,
including screwdrivers, pliers, knives, and hacksaws.
Employers typically furnish heavier tools, such as
conduit benders, pipe threaders, and most test equipment
and power tools.

Within a single working day, the electrician may work in
a clean, air conditioned environment; on a floor sur-
rounded by the noise, oil, and grease of machinery; or in
a crawl space, in a hot attic, or on a ladder.

Job opportunities for the qualified electrician may be
found in construction, industrial, and maintenance work.

Primary york typically will be ag an:

Electrician's Helper, D.0.T. 829.684-022
Electrician, D.0.T. 824.261-010

Related work might be found as an appliance repairman,
installer or service man, or with public service indus-
tries.

Because of increasing use of electronic equipment such as
control circuits, switches, timers, etc., in the elec-
trical field, the electricity graduate should consider
seriously additional study at the post-—secondary level
either during an year of schooling or in evenings while
on-the-job. Job growth and opportunities probably will
be linked closely with educational preparation in the
future.




EMPLOYMENT
PROJECTION:

The requirement for electricians to be licensed is
growing and graduates should consider becoming licensed
to work both in the local and other geographical loca-
tions since job sites may wvary.

To become a licensed electrician in the City of Green-
ville, the graduate must be eighteen years of age and
enter into a two year apprenticeship under a Master
Electrician prior to standing the Journeyman's Exam.
After becoming a Journeyman's Electrician, two additional
years of apprenticeship must be served under a Master
Electrician prior to standing the exam for the Master's
Card.

Technological trends indicate that the electrician will
increasingly encounter a greater use of electronic
devices, such as timers and controls, in residential and
industrial settings.

Employment projections by the South Carolina Employment
Security Commission indicate that between 1978 and 1985
there will be a 8.2 percent increase in the number of
electricians working in the Greenville-Spartanburg area
with about 30 new positions created between 1983-1985
when the total electricians employed is projected to be
1,580. This projection, however, does not necessarily
reflect the number of electricians that may be employed
on & temporary basis in construction work, that may be
self-employed contractors, or that may be working in
related industries.

1South Carolina Qccupational Projections, 1978-1985, Columbia, SC: South

Carolina Employment Security Commission (Research & Analysis
Department), p. 157, 1982.




. Electricity
ELECTRICAL APPARATUS SERVICE PROGRAM

“The Electric Apparatus Service Program is designed as a basic four (4)
year, eight (8) unit course for-apprentices that, as journeyman, will be
servicing electrical apparatus. The course is intended to provide the
apprentice with AC and DC theory and application; motor and transformer,
construction, installation, maintenance and repair; industrial electron-
icg and motor control, as well as trade related subjects such as safety,
mathematics, first aid, electrical code and job orientation.”

Some of the subjects featured in this program are:

- DC Fundamentals
- Electric Circuits and Machines
- Advanced First Aid and Emergency Care
- FKnot Tying and Rigging
~ National Electrical Code
= AC Fundamentals
~ Transformers#®
- Preventive Maintenance of Electrical Equipment
= Electric Motor Repairs
-~ Electric Machines
~ Industrial Electronics
. - Electric Motors
- Understanding & Measuring Horsepower
- Electric Motor Control Fundamentals
~ Electric Motor Controls & Circuits
= Automatic Control Basics

* A unit such as Transformers may be broken down as follows:

Lesson 1 Transformer Construction

Lesson 2 Transformer Principles

Lesson 3 Transformer Classification

Lesson & Transformer Circuitry and Cooling

Lesson 5 Transformer's 0il and Accessories

Lesson 6 Tap Changers

Lesson 7 Transformer Connections-Voltage Transformation
Information

Lesson 8 Transformer Connectioias-Phase Transformation

Lesson 9 Practical Transformer Conmsideration

Lesson 10 Transformer Maintenance, Testing and Protection

. Source: International Brotherhood of Electrical Workers (IBEW), 1125
Fifteenth Street, N.W., Washington, DC 20005, 1983,




SOURCES OF ADDITIONAL INFORMATION ABOUT THE WORK OF ELECTRICIANS:

Associated Independent Electrical Contractors of America
1201 North Watson Road, Suite 201
Arlington, TX 70511

International Brotherhood of Electrical Workers
1125 15¢h Street, NW
Washington, DC 20005

National Association of Lighting Maintenance Contractors
1750 014 Meadow Road, Suite 3-A
McLean, VA 22102

Hational Electrical Contractors Association
7315 Wisconsin Avenue, NW
Washington, DC 20014

National Joint Apprenticesh:i> and Training Committee for the Electrical
Industry

9700 E. George Palmer Highway

Lanham, MD 20802
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SECONDARY LEVEL
STATE DEPARTMENT OF EDUCATION
RECOMMENDED PRCGRAM

ELECTRICITY

"The student completing this courge will be¢ quzlificd to enter electri-
cal trades to assist with planning, layout, Instullation, checkout, and
maintenance of electrical systems. The student learns National Electri-
cal Code regulations related to wiring installation, electrical circuits
and the measurements of voltage, current, and power of single and
polyphase alternating circuits. In addition, the student learns the
basic elements of motor, motor control systems, industrial electronic
systems, business procedures, organization, and management principles.
Upon completion of this course, the student is capable of progressing
from an apprentice program to a qualified licensed electrician [sic].™*

% Typically, the secondary graduate will be required to serve an appren-
ticeship prior to standing the j~urneyman's exam and as a journeyman's
typically must apprentice under a master electrician for a two year
period prior to standing the master's exam.

The recommended course content included:

1. Safety

2. Magnetism

3. Basic electyricity - A.C. and D.C.

4, Test equipment

5. Direct current dynamos

6. Blueprints

7. Special purpose and signal wire work
8. Lighting

9. Grounding

10. Cable vork

11. Conduits

12. Motors and appliances

13. Mathematics

l4. Low voltage switching (remote control)
15. Qutlets

l6. Repairing and installing motor controllars

Qutline of High School Credit Courses, Columbia, S.C.: S5.C. State
Department of Education, pp. 132-133. (EDITOR'S NOTE: "This
narrative description may not satisfactorily describe the secondary
Electricity programs and it should be updated based on industry
needs, practices, and standards.™)

Defined Minimum Program for South Carolina School Districts, Columbia,
S.C.: S.C. Department of Education, 1980.
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POST-SECONDARY DESCRIPTION
() GREENVILLE TECHNICAL COLLEGE

INDUSTRIAL ELECTRICITY/ELECTRONICS

Creenville Technical College's Indust<ial Electricity/Electronics
curriculum is designed to give the student practical/theoretical knowl-
edge in construction, installation, and maintenance (repair) within the
electrical/electronics field. The student may elect to graduate on the
completion of four quarters with an Industrial Electricity diploma or
coutinue his studies for the additional nine months and receive an
Assoclate Degree in Industrial Electronics.

The suggested sequence of required courses is:

FIRST QUARTER

COURSE .
NUMBER COURSE TITLE CLASS LAB CREDIT
MAT 115 Electrical Math 1 5 0 ]
EEM 113 Electricity D.C. 7 3 8
EEM 345 Residential Wiring A 2 3 3
EEM 346 Residential Wiring B 1 3 _2
‘l' 15 9 18
SECOND QUARTER
MAT 126 Electrical Math II 5 0 5
EEM 123 Electricity A.C. 6 3 7
EEM 133 Electrical Instruments and
Measurements 6 0 6
EEM 117 Electrical Codes and Ordinances _4 3 _5
21 6 23
THIRD QUARTER
EEM 137 Electrical Power Systems 2 é 4
EEM 213 Vacuum Tubes and Solid State
Devices 3 4
ECO 100 Consumer Economics 3 0 3
EEM 127 A.C. Machines and Devices 3 3 4
ENG 150 Introduction to Composition 4.5 0 4,5
15.5 12 18.5
FOURTH QUARTER
EEM 136 Electrical Contr~l Circuits 3 6 5
EEd 131 Electronics and Applied Circuits 7 3 8
PSY 112 Industrial Human Relations 3 0 3
13 9 16
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FIFTH QUARTER

COURSE
NUMBER COURSE TITLE CLASS LAB CREDIT
EEM 214 Industrial Electronic Applications 6 0 6
EEM 260 Applied Pneumatics & Controls 3 3 4
EEM 143 Electrical Installation & Planning 6 0 6
EEM 226 Electrical Cost Estimating 0 6 2
ENG 236 Advanced Technical Composition &
Cowmunications 4.5 O 4.5
19.5 9 22.5
SIXTH QUARTER
EEM 104 Blueprint Reading -~ Industrial 0 9 3
EEM I18 D.C. Machines & Controls 4 0 4
FEM 238 Industrial Logic Circuits 39 6
7 18 13
SEVENTH QUARTER
EEM 215 Microprocessor Systems 1 2 3 3
EEM 216 Microprocessor Systems II - 2 3 3
EEM 265 Electrical Problem Solving 3 0 3
EEM 217 Microprocessor Systems III 2 3 3
9 9 12
Source: Catalog, Industrizl Division, Greenville Technical College,

1982-19854, Greenville, SC: Greenville Tachnical Coilere,
pp. lé4-15.

Industrial Electricity Department, GTC, 1982-1984.




FIRST QUARTER

MAT 115 ELECTRICAL MATH I:

Arithmetic and algebra through linear equations in one unknown. Scien~
tific notation, J~operator, vectors {(phasors) in rectangular and polar
forms. Use of caleulator. Prerequisite: Satisfactory score on math
placement test. (5-0-5)

EEM 113 ELECTRICITY D.C.:

The students learn Atomic Theory and Electron Flow, electrical units,
Ohm's Law, resistaznce combinations, meter connections, magnetism and
magnetic circuits, electrical power, characteristics of electrical
conductors, inductance and capacitance, direct current generators and
motors, and use of common DC measuring and metering equipment. (7-3-8)

EEM 345 RESIDENTIAL WIRING A:

Is designed to teach the code and local ordinance requirements for
electrical installations in residential and commercial building3. The
student will learn general codes, wiring methods and fittings, and
circuit requirements for the various ordinances. {2-3-3)

EEM 346 RESIDENTIAL WIRING B:

Is designed to teach the code and local ordinance requirements for
electrical installations in residential and commercial buildings. The
student will learn general codes, wiring methods, and fittings, and
circuit requirements for the various ordinances. (1-3-2)

SECOND QUARTER

MAT 126 ELECTRICAL MATH II:

Application of arithmetic, elementary algebra, vectors, J-operators, and
calculator to mathematical analysis of D.C. and A.C. circuits {series,
parallel, and combination) involving current, voltage, impedance, and
electrical power. Prerequisite: MAT 115. {5=-0-5)

EEM 123 ELECTRICITY 4.C.:

A study of the characteristics of alternating current and voltage waves,
behavior of alternating current in resistors, capacitors and inductors,
and three-phase systems. Also included are applications of vector
algebra in the analysis of series and parallel combinations of imped-~
ance, A.C. single phase and three-phase motors and generators. (6=-3~7)
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EEM 133 ELECTRICAL INSTRUMENTS & MEASUREMENT:

Operating principles, movements, range extending devices, rectifiers,
bridges and transformers are studied. Students learn the operation and
use of electronic measuring equipment. {6~-0-6)

EEM 117 ELECTRICAL CODES & ORDINANCES:

A course of study in and application of the National Electrical Code,
city and county electrical ordinances. {4-3~5)

THIRD QUARTER

EEM 137 ELECTRICAL POWER SYSTEMS:

A study of the design, operation and technical details of modern power
distribution systems, including auxiliary generating equipment, plant
distribution and protection devices are offered in this course. System
load analysis and rate and power economics are studied. {2-6-4)

EEM 213 VACUUM TUBES & SOLID STATE DEVICES:

The student learns basic electronic vacuum tube theory, including the
use of tube manuala and characteristics. The student also learns the
theory behind diodes, transistors, SCR's, unijunctions, all types of
FET's as well as the new solid state indicating devices. (3-3-4)

ECO 100 CONSUMER ECONOMICS:

Emphasizes the role of the consumer in our society. It includes con-
sumer decision making, money and marital happiness, money management,
consumer credit, intelligent shopping, financing a home, transportation,
health services, estate planning, and consumer protection. {3-0-3)

EEM 127 A.C., MACHINES & DEVICES:

A study of fundamentals involving the operation, control, and applica-
tion of A.C. generators, motors, transformers, and transmission systems.
Application and controi are considered as they apply to industrial use.
(3-3-4)

ENG 150 INTRODUCTION TO COMPOSITION:

A study and application of the principles of grammar, mechanics, and
rhetoric as preparation for business and technical writing. The course

will iuclude writing correct and effective paragraphs and essays of
zarious types, including expository, narrative, and descriptive.
4.5-0~4,5)

o
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FOURTH QUARTER

EEM 136 ELECTRICAL & CONTROL CIRCUITS:

The principles and applications of electrical controllers are covered in
this course, which serves as an introduction to automatic controls,
contactors, starters, speed controllers, tim¢ delays, limit switches and
pilot devices. Students learn the application in control of industrial
equipment motors servounits and motor driven actuators. {3-6-5)

EEM 131 ELECTRICAL & APPLIED CIRCUITS:

An fIntroduction to the technical concepts of electronic circuits. This
course covers the principles of vacuum tubes and transistors, tuned
circuits and basic circuits for power supplied detectors, amplifiers,
and oscillators. (7-3-8)

PSY 112 INDUSTRIAL HUMAN RELATIONS:

Provides supervised experience and instruction designed tc help the
student recognize and develop the traits necessary for good relations
with fellow workers, supervisors, subordinates, customers, and others.
Through exercises involving awareness, self-concept and self-evaluation,
role-playing, and group and individual problem solving the course helps
to develop improved interpersonal relationships. (3-0-3)

FIFTH QUARTER

EEM 214 INDUSTRIAL ELECTRONIC APPLICATIONS:

A survey of electronics applications in industry to include gauges,
photo electric cells, recorders, electronic timing circuits, welder and
motor control and other applicable areas. (6~0-6)

EEM 260 APPLIED PNEUMATICS & CONTROLS:

A study of basic principles of air-operated control system, theory of
equipment used ‘in pneumatic controls, to include practical calibration
through lab projects based on logic principles. {3~3-4)

EEM 143 ELECTRICAL INSTALLATION & PLANNING:

A course of instruction and application in the fundamentals of planning,
estimating and installation of electrical system, such as service,
lighting branch circuits, conduit and modifications of original plans.
(6~0-6)
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EEM 226 ELECTRICAL COST ESTIMATING:

The importance of understanding working plans and specifications as
applied to estimating will be studied. Also, students will learn the
duties and responsibilities of the estimator, preparation of the mate-
rial lists, survey of material and labor and the preparation of the cost
estimate. {0-6-2)

ENG 236 ADVANCED TECHNICAL COMPOSITION & COMMUNICATIONS:

Instruction in the theory and practice of planning and writing effective
business and technical compositions. A research project reflecting
acceptable writing styles and basic knowledge of the student's major
area of study is required. Techniques of oral communication and presen-
tations will be covered. Prerequisite: ENG 150. {4.5-0-4.5)

SIXTH QUARTER

EEM 104 BLUEPRINT READING -~ INDUSTRIAL:

A study of layout, planning and installation of wiring systems in
commercial and industrial complexes. Blueprint reading and symbols, the
related National Electrical Code, and the application of the funda-
mentals to practical experience in wiring conduit preparation, and
installation are covered. {0-9-3)

EEM 118 D.C. MACHINES & CONTROLS:

A study of fundamentals involving the operation and control of direct
current motors and generators, the speed, direction of rotation, revers-
ing and application of D.C. motors as well as the speed, regulation
parallel operation and application of D.C. generators are learned.
Prerequisite: EEM 113. (4-0-4)

EEM 238 TINDUSTRIAL LOGIC CIRCUITS:

This course covers the operation of the following logic circuits: AND,
OR, NAND, NOR, inverters, relays and the following binary element: JK,
RS, T, and D. All logic elements will be covered by the black box
concept, and students will learn interpretation of data sheets, reading
of logic schematics and signal training in logic circuits. Prerequi-
site: EEM 213, (3-9-6)

SEVENTH QUARTER

EEM 215 MICROPROCESSOR SYSTEMS I:

Using Health Kit or equivalent microprocessor, the student will go from
a beginning to a complete knowledge of microprocessor systems. The
course is technical in nature and blends software and hardware so that
each graduate will be capable of starting up new systems and changing
and troubleshooting existing ones. Prerequisite: EEM 238. (2-3-3)
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EEM 216 MICROPROCESSOR SYSTEMS II:

Same as EEM 215. (2-3-3)

EEM 265 ELECTRICAL PROBLEM SOLVING:

Advanced electrical case studies as assigned by instructor. This course
may be repeated as needed for elective credit upon approval of advisor.
(3-0-3)

EEM 217 WMICROPROCESSOR SYSTEMS III:

Same as EEM 215. (2-3-3})

ENG 231 TECHNICAL REPORT WRITING:

Instructions in the theory and practice of planning and writing effec-—
tive business and technical compositions. Basic business communication
is covered, but technical writing in the field of Engineering Technology
is stressed. Assignments are specifically designed to prepare for
writing responsibilities from basic technical notes to a specialized
research paper, which is equivalent to the Senior Project, practice,
i.e., letter, resume, interview, etc. {3-0-3)

18

g




PREVIOUS ARTICULATION
(Revised)

A previous program of articulation.between Greenville Technical College
and the School District of Greenville County during 1975-1976 articu-
lated the post-~secondary program of IndustriTl Electricity with similar
Electricity programs at the secondary level.

Development activities of the 1983-1984 Electricity/Industrial Electri-
city articulation program will revise and build upon the previously
established 1976 agreement. (See Appendix A)

As a part of the 1976 articulation agreement, Greenville Technical
College established a "tuition scholarship" in the Industrial Electri-
city progwam to be awarded to the most outstanding or worthy student
from each of the four secondary Electricity programs of thy School
District of Greenville County. Initially, the tuition scholarship will
be for one quarter of tuition free study. Upon completing the first
quarter, the student may receive ait extension for an additional quarter
based upon review and approval by the Industrial Electricity instructor
and Department Head. :

According to 1976 agreements, a graduate of a secondary Electricity
vocational program of the School District of Greenville County may be
granted exemption of an Industrial Electricity course at Greenville
Technical College according to the recommendation of the former secon-
dary instructor, the student's secondary level performance as repre-
sented by grade achievement and "Proficiency Report," and by the indivi-
dual's performance on "Placement Tests" administered by the Industrial
Electricity Department, GTC. Th.s procedures, established in 1976 and
slightly modified, will be revised and continued in current articu-
lation.

Every effort will be made to incorporate all previous efforts in articu-
lation between the secondary Electricity programs and GTC's Industrial
Electricity program and to ensure that provisions are established and
documents to encourage the fulfillment and continuat.on of 1983-1984
articulation agreements.

l"Industrial Electricity Articulation" (Appendix €), Occupational Edu-
cation Program Articulation Between secondary Vocational Education
Centers and Greenville Technical College, Greenville, SC:
Greenville Technical College, 1976. (Included as Appendix A in
this Articulated Perforimance-based Instruction Guide for Electri-
city/Industrial Electricity.)
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COMPARISON
PREVIOUSLY AND CURRENTLY ARTICULATED COURSES
GIC'S INDUSTRIAL ELECTRICITY PROGRAM

1976 ARTICULATION AGREEMENT 1983-1984 ARTICULATION
Qtr.

a. EEM 100 Applied Electricity EEM 101 "Discontinued Course"
b. EEM 345 Residential Electricity ’ EEM 345 Residential Wiring A * 1st

Codes and Ordinances A _
¢c. EEM 346 Residential Electricity EEM 346 Reaidential Wiring B * 1st.

Codes and Ordinances B
d. EEM 113 DC Electricity BEM 113 Electricity DC * Ist.
e. EEM 123 AC Electricity EEM 123 Electricity AC 2nd.
f. EEM 127 AC Machines and Devices EEM 127 AC Machinea and Devices 3rd.
g. EEM 136 Electrical Control Circuits EEM 136 Electrical Control Circuita 4th.
h. MAT 115 Electrical Math I MAT 115 Electrical Math I * lst
i. MAT 126 Electrical Math II MAT 126 Electrical Math II 2nd.

*Represents lat Quarter of
Industrial Electricity

l"Industrial Electricity Articulation" (Appendix (), Occupational Education Program Articulation Between Secondary Voca-
tional Education Centers and Greenville Techrical College, Greenville, SC: Greenville Technical College, 1976. {(See
Appendix A of this Articulated, Performance~baased Inatruction Guide for Electricity/Induatrial Electricity.)
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STANDARDS APPLICABLE TO ELECTRICITY

The voltages that are to be used for computation purposes (AR

220-1) are:

120v
120/240v
208/120v
240v
480/277v
480V
600V

Up position of switch handles will be for the "on" position where
the handles/knobs are operated vertically. (AR: 240-81)

AR 240-83d requires 277 wolt eircuit breakers to be marked "SWD"
where they are used as switches for florescent lighting cirecuits.
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MODULE 1.0

Module 1.0, Introduction/Orientatiqn, has been designed to represent
introductory requirements of the vocational program such as course
policies, procedures, and safety regulations; leadership training,
desirable work attitudes and habits that potential employers recommend
be incorporated in secondary instruction, career information, and basic
math and related skills necessary for success in the vocation.

Some task objectives that are described in this first module naturally
will be learned early in the instructional program while competencies in
other tasks may result during the first year or second year. For
example, students must understand the policies of the program very early
in the first year but may not develop competencies in job attitudes or
career information until the second year. Job habits and attitudes
typically will be taught during the entire two year training program.
Units in this module:

UNIT 1.0 A INTRODUCT ION/ ORIENTATION

UNIT 1.0 B INTRODUCTION TO SAFETY

UNIT 1.0 C INTRODUCTION TO LEADERSHIP/
JOB COMMUNICATIONS

UNIT 1.0 D PREPARING FOR WORK

UNIT 1.0 E INTRODUCTION TO DESIRABLE JOB/LEARNING
CHARACTERISTICS/HABITS/ATTITUDES

UNIT 1.0 F BASIC MATH SKILLS
UNIT 1.0 G BASIC MEASURING

UNIT 1.0 H INTRODUCTION TO BLUEPRINT READING
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ELECTRICLTY
. INTRODUCTION/ORLENTAT ION

SUGGESTED INSTRUCTION TIMES

ELECTRICITY

UNIT/TASK

UNIT 1.0 A INTRODUCTION/ORIENTATION

1.01 Review/Follow Career Center )
Policies and Procedures

1.02 Orientation to Vocational Program
Classroom/Shop /Lab

1.03 Review Course Objectives and Standards

UNIT 1.0 B INTRODUCTION TO SAFETY

1.01 General Orientation
1.02 Identify Desirable Vocational Training
' Safety Habits
: 1.03 Observe Classroom Safety Practices
. 1.04 Apply Fire Safety Rules and Procedures
1.05 Apply Electrical Safety Rules and
Procedures
1.06 Personal Safety

UNIT 1.0 C INTRCDUCTION TO LEADERSHIP/
JOB COMMUNICATIONS

1.01 Work Cooperatively With Fellow Students

1.02 Demonstrate Desirable Characteristics of
Leadership

1.03 Participate inm VICA Club Activities

1.03 Demonstrate Proper Use of Parliamentary
Procedure

1.03 Communicate a Message by the Medium of
a4 Speech

* = See 1,03

. ** = See 1.06

SUGGESTED
HOURS

*%

*%
*%

*%k

*%

N/A

N/A

N/A

N/A

N/A




ELECTRICITY SUGGESTED
. UNTT/TASK HOURS

UNIT 1.0 D PREPARING FOR WORK

1.01 Describe the Free Enterprise System

and the Difference Between Labor and

Management N/A
1.02 Interpret Labor Laws and Regulations N/A
1.03 Interpret Payroll Deductions for Taxes,

ete. N/A
1.04 Identify Typical Career Opportunities *
1.05 Locate Job Opportunities *
1.06 Prepare Resume *
1.07 Compose Application Letter *
1.08 Complete a Typical Employment Application

Form *
1.09 Interview for a Job *

. 1.10 Compose Follow-up Letter *

1.11 Identify Post-secondary Career

Development Opportunities 15

UNIT 1.0 E INTRODUCTION TO DESIRABLE JOB/LEARNING
CHARACTERISTICS/HABITS/ATTITUDES

1.01 Describe Good Work Habits Important to

Job Success N/A
1.02 Exhibit Successful Job Performance

Characteristics N/A
1.03 Exhibit Desirable Work Attitudes N/A
1.04 Demonstrate Respect for and Care of School

Property N/A

UNIT 1.0 F MATH SKILLS
1,01 Basic Math ~ Fractions *ik

* = See 1,11

. ** = See 1,05




ELECTRICITY SUGGESTED

() UNIT/TASK HOURS
1.02 Basic Math - Decimals *k
1.03 Basic Math - Volumes *k
1.04 Basic Math - Are;'ts *k
1.05 The Metric System 12

UNIT 1.0 G MEASURING
1.01 Measuring 6

UNIT 1.0 H INTRODUCTION TO BLUEPRINT READING

1.01 Identify Working Drawings and Blueprint

and Read Specifications 3
1.02 Interpret Common Blueprint Symbols 3
1.03 Interpret Dimensions from Blueprints 3
1.04 Read Blueprint and Specifications and

Estimate Materials for Job 6

. k% = See 1.05
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MODULE/TASK

Unit 1.0 A

1.01

1.02

1.03

Unit

1.01

1.02

1.03

1.04

1.0 B

TASK LISTINGS
ELECTRICITY

DESCRIPTION
INTRODUCTION/ORIENTATION

{Review/Follow Career Center Policies and Procedures)
Given information on rareer center policies and proce-
dures, apply these policies and procedures on a day~to-
day basis.

{Orientation to Vocational Program Classroom/Shop/Lab)
Given information on classroom/shop or instructor's
policies and procedures, apply these policies and proce-
dures on a daily basis, meeting the standards of the
instructor 100 percent.

{Review Course Objectives and Standards)} Given an
introduction to the vocational program, a review of the
course objectives and minimum standards of performance;
describe the course objectives, and the minimum perior-
mance expected to demonstrate competency in given objec-
tives.

INTRODUCTION TO SAFETY

{General Orientation)} GCiven an orientation to building,
shop, and fire safety; discuss, identify, or demonstrate
general shop nafety behavior and fire procedures.

{Identify Desirable Vocational Training Safety Habits)

Given an introduction/orientation to general safety as .
well as to safety in the vocational education program or

on the job; identify general occupational safety habits

to the satisfaction of the instructor and meet all

applicable safety rules and regulations.

(Observe Classroo.. Safety Practices) Given a typical
vocational classroom/shop/lab or job situation, exhibit
an avareness of safety practices, safe work habits, and a
positive attitude concerning job safety and accident
prevention and meet standards established by the instruc-
tor.

(Apply Fire Safety Rules and Procedures) Given examples
of types of fires, fire extinguishers, and possible shop
situations, apply fire safety rules and procedures. Meet
National and local fire safety procedures.

44

26




. 1.05

1.06

Unit 1.0 C

1.0l

. 1.02

1.03

1.03

(Apply Electrical Safety Rules and Procedures) Given
orientation to ldentifying electrical hazards, apply
electrical safety rules and procedures. Electrical
equipment with exposed wire, frayed cables, and deteri-
orated iInsulation must be reported and corrected. Proper
grounding must be eﬁployed and maintalned. Junction
boxes, outlets, switches, breakers switches, and panels
should be identified as to thelr use. Meet all appli-
cable National and local standards and the standards of
the Instructor.

{Personal Safety) Given instruction, ldentify personal
safety clothing, equipment, or procedures to ensure
safety in the vocational field/training, with 100 percent
accuracy, demonstrate proper use of safety behavior.

INTRODUCTION TO LEADERSHIP/JOB COMMUNICATIONS

(Work Cooperatively With Fellow Students) Given instruce-
tion and an opportunity to meet fellow students in the
vocational program enviromment, work cooperatively with
fellow students as well as with other students in related
vocational learning activities. Meet the iInstructor’s
standards and cooperate to the satisfaction of fellow
students as a group.

{Demonstrate Desirable Characteristics of Leadership)
Given an Introduction/orientation to desirable qualities
of a good leader, describe characteristics typical of a
good leader, discuss desirable leadership qualities, and
demonstrate an ability to follow as well as take a
leadership position. Performance should be satisfactory
to the Instructor and fellow students.

{Participate in VICA Club Activities)} Given an introduc-
tion/orientation to the Vocational Industrial Club of
American (VICA), describe the general purposes of VICA,
describe a typical VICA program at a vocational center,
recall from memory the VICA motto, state the VICA pledge
from memory, identify the symbols/symbolism in the VICA
emblem, identify what the colors of the VICA organization
represent. Performance should be acceptable to the VICA
Club sponsor, iInstructor, and VICA club members.

(Demonstrate Proper Use of Parliamentary Procedure)
Given instruction, apply the prinziples of parliamentary
procedure and describe the characteristics of good
chairman.

27 45




1.03

Unit

1.01

1.02

1.03

1.04

1.05

1.06

1.07

1.0 D

{Communicate a Message by the Medium of a Speech) Given
instruction, list purposes of a speech, characteristics
of a speech, and write and orally deliver a speech. The
delivered speech should contain accurate information, be
technically correct, in organization and delivery, and the
intended message should be communicated.

PREPARING FOR VORK

{Describe the Free Enterprise System and the Difference
Between Labor and Management) Given an introduction/
orientation to the free enterprise system of economics,
describe to the satisfaction of the instructor the free
enterprise system of economics as found in the United
States and describe the relationship between labor and
management.

{Interpret Labor Laws and Regulations) Given instruction,
necessary references concerning labor laws and regu-
lations, Interpret typical labor laws and regulationms.
Performance must meet the instructor's standards.

{Interpret Payroll Deductions for Taxes, etc.) Given
instruction and sample forms concerning income tax and
other withholdings, interpret the typical forms used in
income tak% and other withholdings to the satisfaction of
the instructor and itemize typical payroll deductions
that worker encounters. Performance must be to the
instructor's standards.

{Identify Typical Career Opportunities) Given instruc-
tion, data on the local business and industry, opportuni-
ties to study entry~level job opportunities; identify the
major categories of potentlial employers in the local
community {and the key characteristics of each).

{Locate Job Opportunities) Given job placement informa-~
tion such as newspaper ads and personal contacts, list a
minimum of ten specific jobs in the community. One week
will be allowed to complete the task.

{Prepare Resume) Given examples of suitable resume/per-
sonal data sheets, prepare and type {or print at a
minimum} a personal resume on paper acceptable to the
instructor with all errors acceptable corrected.

{Compose Application Letter) Given a newspaper ad for a

job, compose a letter of application. The letter must be
mallable and must include all necessary personal informa-~
tlion.




1.08

1.09

1.10

1.11

Unit 1.0 E

1.01

1.02

1.03

{Complete a Typical Employment Application Form) Given
an employment application form typical of the job,
complete the form with all information accurate, neatly
typed or printed in, and aligned in the form blanks.

{Interview for a Job)} Given instruction on how to
interview for a job, a job interview checklist, and a
mock job interview; complete a job interview to the
satisfaction of the instructor.

(Compose Follow-up Letter) Given a case situation by the
instructor or from the textbook, compose and write a
follow-up letter appropriate to the job application or
interview situation and in mailable form. The finished
letter must meet the instructor's standards.

{Identify Post-Secondary Career Development Uppor-
tunities) Given an orientation to similar post-secondary
career development programs, such as offered at
Greenville Technical College, a report of skill compe-
tencies developed during secondary training, and other
information as needed; ldentify post-secondary career
development opportunities.

INTRODUCTION TO DESTRABLE JOB/LEARNING
CHARACTERISTICS /HABITS /ATTITUDES

{Describe Good Work Habits Important to Job Success)
Given introduction/orientation to desirable work habits,
as described by potential employers or tradesmen, demon=-
strate desirable {good) work habits (based on information
provided by the instructor) represent typical standards
expected t ' business/industry {(potential employers) for
entry employment sulcess.

{Exhibit Successful Job Performance Characteristics)
Given instruction, demonstrate job performance charac-
teristics that are considered important to entry-level
career success in the vocational field. A “Job Perfor-
mance Rating Sheet" will be used to evaluate performance
and all items must be rated "frequently" or above.

{Exhibit Desirable Work Attitudes) Given instructiou,
demonstrate work attitudes that the majority of potential
employers prefer in an entry level worker. Performance
will be evaluated on a "Work Attitudes Score Card" and a
minimum of 90 percent sh.uld be attained. Performance
will be rated throughor. training and should improve to
100 percent by the end of the training period.
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1.04

Unit 1.0 F

1.01

1.02

(Demonstrate Respect for and Care of School Property)
Given 2 classroom, shop, or other instruction setting
with access to furniture, equipment, tools and materials
and given proper instruction; demonstrate a respect for
and care of public property (training facilities) and
instructional materials to the standards established by
The School District of Greenville County, career center,
and instructor.

BASIC MATH SKILLS

(Basic Math - Fractions) Given a pretest or examples by
the instructor, conduct the following operations with
fractions:

1. Change any fraction to a decimal number, and any
terminating decimal number to 2 fraction.

2. Arrange in order...unit and simple nonunit fractions.

3. Write equivalent fractions in higher, lower, and
lowest terms.

4. Write improper fractions as whole or mixed numbers,
and mixed numbers as improper fractionms.

5. Multiply fractions and mixed numbers, expressing
answers in simplest form.

6. Divide fractions and mixed numbers, expressing
answers in simplest form.

7. Add and subtract unlike fractions, expressing answers
in simplest form.

8. Add and subtract mixed numbers with unlike fractions,
expressing answers in simplest form.

9. TUse rational numbers to solve simple work problems.

(Basic Math - Decimals) Given a pretest or examples by
the instructor, conduct the following decimal math
operations:

l. Name the place value of digits in decimal numbers of
up to nine digits before the decimal and six digits
after the decimal.

2. Compare decimal numbers and arrange them in proper
order.

3. Write the numeral for any decimal number of up to
four decimal places.

4. Round decimal numbers to any designated place value
up to thousandths.

5. Add and subtract decimal numbers of up to six digits.

6. Multiply decimal numbers by whole numbers or decimal
numbers,

7. Divide a number by a three-digit decimal number.

8. Multiply and divide decimal numbers by powers of ten,
by inspection.
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1.03

1.04

1.05

Pnic 1.0 G

1.01

{(Basic Math ~ Volumes) Given a pretest or examples by
the instructor, find the volume of any rectangular prism
or cube.

(Basic Math - Areas) Given a pretest or examples by the
instructor, find the area of the following types of
figures: .

&. Rectangle and square
b. Circle

{The Metric System) Given basic instruction in the
metric system and conversion from United States Customary
units to metric; read and convert specifications and
dimensions from one system into the other system on
teacher or text assigned problems with 100 percent
aceuracy.

BASIC MEASURING
{Measuring) Given proper instructions, read a rule and

use other measuring tools with the precision necessary to
take measurements or set them up.
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. UNIT 1.0 A

INTRODUCTION/ORIENTATION




UNIT 1.0 A
d

TASK 1.01

INTRODUCTION/ORIENTATION

REVIEW/FOLLOW CAREER CENTER
POLICIES AND PROCEDURES

PERFORMANCE OBJECTIVE:

Given information on career center policies and procedures, apply these
policies and procedures on a day-~to~day basis.

PERFORMANCE ACTIONS:
1.0101

1.0102

1.0103

icies and procedures.

Review zenter ,
Review relevant philosophy of center and, The School
District of Greenville County, and the South
Carolina State Department of Education.

Review relevant safety policies and procedures under
unit concerning safety, and practice desired safety
behavior as outlined in relevant safety policies and
procedures.

PERFORMANCE STANDARDS:

- Using information and materials supplied, review and apply
career center pelicies and procedures daily.

SUGGESTED INSTRUCTION TIME: See 1.03

RELATED TECHNICAL INFORMATION:

= Center Student Handbook.

- High Schoo
= Written Po

1 Student Handbook.
licies and Procedures of The School District of

Greenville County.

- Policies and Procedures of the South Carolina State Department
of Education.

- '"Authorization" and "release" forms (such as safety releases).
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0 UNIT 1.0 A INTRODUCTION/ORIENTATION

TASK 1.02 ORIENTATION TO VOCATIONAL
PROGRAM CLASSROOM/SHOP /LAB

PERFORMANCE OBJECTIVE:
Given information on classroom/shop or instructor's policies and proce~

dures, apply these policies and procedures on a daily basis, meeting the
standards of the instructor 100 percent.

PERFORMANCE ACTIONS:

1.0201 Review with instructor the shop policies and proce-
dures.

1.0202 Apply, with 100 percent accuracy, the policies and

procedures for the vocational program, shop, ¢T of
the instructor.

PERFORMANCE STANDARDS:

O ~ Apply information/instruction given during orientation and
throughout training period to comply with all policies and
procedures of the shop (instructor) on a day-to-day basis.

=~ Standards of the State, School District, Career Center, and
high school, and instructor apply.

SUGGESTED INSTRUCTION TIME: See 1.03

RECOMMENDED:

~ Vocational education (shop) policies and procedures should be
written and posted or distributed to students,
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UNIT 1.0 A INTRODUCTION/ORIENTATION

TASK 1.03 REVIEW COURSE OBJECTIVES
AND STANDARDS

PERFORMANCE OBJECTIVES:

Given an introduction to the vocational program, a review of the course
objectives and minimum standards of performance; describe the course
objectives, and the minimum performance expected to demonstrate compe-
te~° 7 in given objectives.

(NOTE: This task may be accomplished in general at the beginning of
the first year and in detail over the two year training
period.}

PERFORMANCE ACTIONS:

1.0301 Review each major objective of the vocational
program gs outlined in this articulated, perfor-
mance-based instruction objectives guide.

1.0302 Review the minimum performance standards of the
. objectives.

Possible Alternate Actions:

Instructor may require students to identify objectives and
standards at the initiation of each new unit of instruction.

PERFORMANCE STANDARDS:

- Using information provided, explain the objectives of the
course and describe the minimum performance for each objec—
tive.

SUGGESTED INSTRUCTION TIME: 1.01 - 1.03 = 7 Hours

RECOMMENDATION:

~ Course objectives, such as the Task Listing objectives, should
be written and posted or distributed to students.
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UNIT 1.0 B
@

INTRODUCTION TO SAFETY
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UNIT 1.0 B INTRODUCTION TO SAFETY

TASK 1.01 GENERAL ORIENTATION

PERFORMANCE OBJECTIVE:

Given an orientation to building, shop, and fire safety; discuss,
identify, or demonstrate general shop safety behavior and fire proce-
dures.

PERFORMANCE ACTIONS:

1.0101 As applicable, discuss basic safety rules applicable
to the training facility.

1.0102 Identify general shop safety rules.
1.0103 a. Review fire safety rules with the instructor.
b. Identify fire safety equipment, exits, and

procedures in the shop and building area during
a fire.

PERFORMANCE STANDARDS:

-~ Follow basic safety rules and established shop safety prac-
tices.

- TFollows established fire safety practices and procedures.

SUGGESTED INSTRUCTION: See 1.06




. UNIT 1.0 B INTRODUCTION TO SAFETY

TASK 1.02 IDENTIFY DESIRABLE VOCATIONAL
TRAINING SAFETY HABITS

PERFORMANCE OBJECTIVE:

Given an introduction/orientation to general safety as well as to safety
in the vocational education program or on the job, identify general
occupational safety habits to the satisfaction of the instructor and
meet 211 applicable safetv rules and regulatioms.

PERFORMANCE ACTIONS:
1.0201 Listen to 211 information provided by the instructor
or others concerning safety in the career center,
vocational program and in live learning activities.

1.0202 Observe safety posters.

1.0203 Observe safety warning devices for hazardous mate-
rials or work areas.

. 1.0204 Demonstrate correct safety practices going to and
from the classroom/shop as well as in the classroom
situation.

1.0205 Describe the effect of safety on the production
dollar, due to possible time loss.

1.0206 Observe learning situations or other situatioms for
the observation of safe situations as well as
violation of proper safety rules and regulations.

PERFORMANCE STANDARDS:

- To the standards of the inr~ructor and standards applicable to
the classroom or school or in the vocational field, demon-
strate desirable occupational safety habits.

- "Zero" accidents.

- PZero"” safety violations,

SUGGESTED INSTRUCTION TIME: See 1.06
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UNIT 1.0 B INTRODUCTION TO SAFETY

TASK 1.03 OBSERVE CLASSROOM SAFETY PRACTICES

PERFORMANCE OBJECTIVE:

Given a typical vocational classroom/shop/lab or job situation, exhibit
an awareness of safety practices, safe work habits, and a positive
attitude concerning job safety and accident prevention and meet sgtan-
dards established by the instructor.

PERFORMANCE ACTIONS:

1.0301 Develop an awareness of vocational training/job
hazards and become more safety conscious.

1.0302 Develop a gserious attitude toward the daily use of
safety procedures.

1.0303 Prepare for safety before entering the training work
area.

1.0304 Prepare for safety at the work situation.

1.0305 Prepare for safety on exiting the training work
area.

1.0306 Demonstrate knowledge of general safety color coding
in the training/job facility and on equipment and
tools.

1.0307  Practice safe procedures/habits daily.

PERFORMANCE STANDARDS:

- "Zero-level" accident record in vocational program.
- Instructor's standards based on recommended resources.
- Applicable QSHA Standards.

SUGGESTED INSTRUCTION TIME: See 1.06
POSSIBLE RESQURCES:

Current vocational program safety guide publication of The School
District of Greenville County.
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UNIT 1.0 B INTRODUCTION TO SAFETY

TASK 1.03 OBSERVE CLASSROOM SAFETY
PRACTICES (Con't.)

Jacobs, Clinton 0., and Howard J. Turner, Developing Shop Safety Skills,
Athens, GA: American Association for Vocational Instructional
Materials. (Approximately 80 pages of brief, visually clear
suggestions concerning & variety of shop safety situations. Good
student or resource manual.)

Safety Handbook, A Guide for Trade and Industxial Programs, Clemson
University, SC: Vocational Education Media Centei, 1968. (No.
13/2/70, $2.25: Accompanying 31 Transparencies, Ho. 9/8/68,
$5.75.) Available from Trades and Industries Division Supervisor,
Office of Vocational Education, South Carolina State Department of
Education or from the Vocational Education Media Center, Clemson
University, SC.

Planning for Emexgencies, Cccupational Safety and Health Short Course
Number Seven, Columbia, SC: SC State Board for Technical and
Comprehensive Education.

Notgrass, Troy, Safety Handbook for ICY, The University of Texas at
Austin: Center for Occupational Curriculum Development, Division
of Continuing Education, 1978.

Hoerner, Thomas A., and Mervin D. Bettis, Power Tool Safety and Opera-
tion, St. Paul, MI: Hobar Publications, 1977.

RELATED TECHNICAL INFORMAYION:

-~ Regulations of individual center or vocational program.
- Regulationg of The School District of Greenville County.
~ Codes, laws, and ordinances.

— Materials and equipment handbooks and manuals.

-~ OSHA Regulations.

~ E.P.A. Regulations.
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UNIT 1.0 B INTRODUCTION TO SAFETY
TASK 1.04 APPLY FIRE SAFETY RULES AND
PROCEDURES

PERFORMANCE OBJECTIVE:

Given examples of types of fires, fire extinguishers, and possible shop
situations, apply fire safety rules and procedures. Meet National and
local fire safety procedures. <

PERFORMANCE ACTIONS:

1.0401 Identify and explain application for fire extin-
guishers of the following types:

a. Form

b. Carbon Dioxide

c. Soda Acid

d. Pump Tank

e. QGas Cartridge

f. Dry Chemical

g. Multi-purpose Dry Chemical

1.0402 Describe procedures for operating selected fire
extinguishers.

1.0403 Identify potential causes of fire in the vocational
field/shop and common methods for avoiding or
preventing fires.

1.0404 Inspect shop/laboratory for conformity with fire
safety rules and procedures.

1.0405 Identify/explain relevant safety precautions appli-
cable to vocational training activities.

PERFORMANCE STANDARDS:

- Apply applicable fire safety rules and procedures to the
vocational program/training meeting all applicable standards,
National and local, and meeting instructor's standards.

SUGGESTED INSTRUCTION TIME: See 1.06
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UNIT 1.0B INTRODUCTION TO SAFETY

TASK 1.05 APPLY ELECTRICAL SAFETY RULES AND
PROCEDURES

PERFORMANCE OBJECTIVE:

Given orientation to identifying electrical hazards, apply electrical
safety rules and procedures. Electrical equipment with exposed wire,
frayed cables, and deteriorated insulation must be reported and
corrected. Proper grounding must be employed and maintained. Junction
boxes, outlets, switches, breakers switches, and panels should be
identified as to their use. Meet all applicable National and local
standards and the standards of the instructor.

PERFORMANCE ACTIONS:
1.0501 Explain importance of labeling circuit breakers.

1.0502 Explain importance of proper grounding of machines
or equipment of electrically operated hand tools.

1.0503 Demonstrate/explain methods for using flexible
extention cords, long cables, or drop lights.

1.0504 Identify electrical hazards and explain safety rules
pertaining to the vocational field of training.

1.0505 Identify approved locations for all electrical
equipment and power sources in the shop or at the
training field location.

1.0506 Interpret safeiy precautions for electricity in the
vocational shop.

PERFORMANCE STANDARDS:

~ Apply electrical safety rules and procedures for the voca-
tional shop/laboratory, inc..uding field training locations, on
a day-to-day basis meeting all applicable National and local

safety rules and regulations as well as the standards of the
instructor.

SUGGESTED INSTRUCTION TIME: See 1.06

(NOTE:  Specific safety procedures and recommendations pertaining to a
tool and equipment item may be included as a part of the task
deseription concerning the tool/equipment.)
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UNIT 1.0 B INTRODUCTION TO SAFETY

TASK 1.06 PERSONAL SAFETY

PERFORMANCE OBJECTIVE:
Given instruction, identify personal safety clothing, equipment, or
procedures to ensure safety in the vocational field/training, with 100
percent accuracy, demonstrate proper yse or safety behavior.
PERFORMANCE ACTIONS:
1.0601 List and explain personal safety/rules procedures.
1.0602 Tdentify appropriate protective cloth-
ing/equipment/etec., used in the vocational
field/training, possibly from a given list, sketch,
or mock-up.
PERFORMANCE STANDARDS:
- Given a list, sketch, or mock-up, identify with 100 percent

. accuracy personal safety clothing, equipment, etc., used in
the vocational field.

SUGGESTED INSTRUCTION TIME: 1.0l - 1.06 = 5 Hours
RELATED TECHNICAL INFORMATION:

- Additional personal safety training will be integrated into
occupational task training.
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Addendum to Safety Unit

STUDENT*S SAFETY PLEDGE
AND
PARENT'S/GUARDIAN'S PERHISSIQ? FOR OCCUPATIONAL TRAINING

-_— ¢ a8 pact of vocational education training.
will use/opecate potentially hazacdious oscupational tools. machinery,
eguipsens, and natecials typical of ths vocational fieid; provided that the
atudent pledges to follow all safety rules and regulations of the instructor/
caresr center/The School District of Greenville County and provided that the
gtudent's patent or guardian grants permission for occupational traiming by
asigning the celease below.

TQ THE STUDENT:

The vocational student will be given proper instruction, both in the use of
and corcect safety procedures concesning occupational tools. machinecy,
equipment, and matscials typical to the vocational field before being:
allowed to ust/operate tham.

The student myst assume cesponsibility for following safe practices and
tules, and thecefore the student is asked to subscribe to the following
safety pledge.

STUDENT'S SAPETY PLEDGE

l. "L {student) promise to follow all sifety rules of the
instructor/cf.the shop.

3. *I promise never to use a tool. machine, Piece of equipment,
or satsrial of the vocational program without ficst having
pernissicn from the instructor.

3w "I will not ask permiasion to use a pacticular tool, machine.
or piece of eguipment unless T have been instructed in ics
use, and have zade 104 peccant on the safety tast for that
tool, machine of squipment. - -

4. "I will report any accident or injury to the vocational
instouctor irmediately,

5. "T will cepoet any potuatially hazacdicus situation to the
© vocational instructor immediately.®

Date Student's Signature

PARENT'S/GUARDIAN’S PERMISSION

*T hereby give . my consent to allow my son/daughter to use/operate all
occupational tools. machines. aquipment. apd matercials necessary in
cacrving gue the raquirements of the: vocational program of training.”

Date farent’s/Guardian‘’as Signature

(parents are cordially invitad to vigit the shop to inspect the occupational
toola. machinez, and equipment and t0 see them in operation.)

- COPY AVALABLE
3-8 o BEST |




UNIT 1.0 C INTRODUCTION TO LEADERSHIP

TASK 1.01 WORK CuOPERATIVELY WITH FELLOW
STUDENTS

PERFORMANCE OBJECTIVE:

Given instruction and an opportunity to meet fellow students in the
vocational program environment, work cooperatively with fellow students
as well as with other students in related vocational learning activi-

ties. Meet the instructor’'s standards and cooperate to the satisfaction
of fellow students as a group.

PERFORMANCE ACTIONS:
1.0101 Participate in class and group learning activities.
1.0102 Encourage team work.

1.0103 Help plan student activities that promote
cooperation.

PERFORMANCE STANDARDS:

- Work cooperatively with fellow students to the standards of
the instructor and to the standards expected by fellow stu-
dents as a group.

SUGGESTED INSTRUCTION TIME: N/A
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UNIT 1.0 C INTRODUCTION TO LEADERSHIP

TASK 1.01 WORK CuOPERATIVELY WITH FELLOW
STUDENTS

PERFORMANCE OBJECTIVE:

Given instruction and an opportunity to meet fellow students in the
vocational program environment, work cooperatively with fellow students
as well as with other students in related vocational learning activi-

ties. Meet the instructor’'s standards and cooperate to the satisfaction
of fellow students as a group.

PERFORMANCE ACTIONS:
1.0101 Participate in class and group learning activities.
1.0102 Encourage team work.

1.0103 Help plan student activities that promote
cooperation.

PERFORMANCE STANDARDS:

- Work cooperatively with fellow students to the standards of
the instructor and to the standards expected by fellow stu-
dents as a group.

SUGGESTED INSTRUCTION TIME: N/A
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UNIT 1.0 C INTRODUCTION TO LEADERSHIP

TASK 1.02 DEMONSTRATE DESIRABLE
CHARACTERISTICS OF LEADERSHIP

PERFORMANCE OBJECTIVE:

Given an introduction/orientation to desirable qualities of a good
leader, describe characteristics typical of a good leader, discuss
desirable leadership qualities, and demonstrate an ability to follow as
well as take a leadership position. Performance should be satisfactory
to the instructor and fellow students.

PERFORMANCE ACTION:

1.0201 Define (process of) leadership and why it is desir~
able in a job situation.

1.0202 Describe {minimum of five)}* positive characteristics
desirable in a good leader (based on instruction}.

1.0203 Identify (three) basic steps to becoming a good
leader. )

1.0204 Identify (five) benefits from developing good
leadership qualities.

1.0205 Demonstrate leadership qualities by participating as
a fellow or member of a group and, if required,
participating as a group leader.

*Standards of instructor apply.

PERFORMANCE STANDARDS!:

~ Participate as a contributing member of a group, such as the
vocational class or VICA, and demonstrate desirable leadership
qualities as outlined by the vocational program instructor.

SUGGESTED INSTRUCTION TIME: N/A

RELATED TECHNICAL INFORMATION:

- VICA Oiﬁectives.
- State Department of Educati~n~, District, and instructor
supplied materials.

(NOTE: A student self-rating checklist may be used in evz.iunation and
evaluation may include ratings by other students as well as by
the/instructor.)
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LEADERSHIP RATING SCALE

().

DIRECTIONS: Check the appropriate parenthesis to indicate your
impression of the leadership characteristics bel
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1. Exerts positive leadership. () ()

2. Thoughtful of feelings of others. () ()

3. Enthusiasm is sincere and contagious. () (3

4. Preserves until job is completed. () (3

5. Cheerful disposition. (3 (3

6. Gets along well with team members. () ()

7. Gets along well with instructor/supervisor. () ()

8. Reacts constructively to criticism. - ()

9. Punctual and gets job assignment done on time. () ()

10. Free from prejudice. (3 (3

11. Enjoys being a part of a group. () ()

12. Reliable. () ()

13. Adaptive to most situations. () (>

14. Not easily discouraged. () ()
15. Applies seli to problems of job assignment. ()

16, Admits mistakes when made. () ()

17. Tries to understand the other fellow's point () ()

of view.

18. Makes decisions quickly and accurately. () ()

19. Seeks advise of othirs when appropriate. () ()

20. Looks for opportunities to make improvements () ()

in job or work assignments.
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UNIT 1.0 C INTRODUCTION TG LEADERSHIP

TASK 1.03 (Optional) PARTICIPATE IN VICA CLUB ACTIVITIES*

PERFORMANCE OBJECTIVE:

Given an introduction/orientation to the Vocational Industrial Club of
America (VICA)*, describe the general purposes of VICA, describe a
typicsl VICA program at a vocational center, recall from memory the VICA
motto, state the VICA pledge from memory, identify the symbols/symbolism
in the VICA emblem, identify what the colors of the VICA organization
represent. Performance should be acceptable to the VICA Club sponsor,
instructor, and VICA Club members.

*Or an alternate, approved student organization.

PERFORMANCE ACTIONS:

1.0301 Join the VICA Club sponsored by the Career Center
and vocational program.

1.0302 Participate actively as a member or an officer in
the local VICA Club.

1.0303 Describe the purpose of VICA.
1.0304 Recall from memory the VICA motto.
1.0305 State the VICA pledge from memory.
1.0306 Name a minimum of five beliefs the VICA creed
emphasizes.
PERFORMANCE STANDARDS:
-~ Demoustrate orally or in writing, from memory, accurate recall
of the VICA motto, pledge, and at least five of the six
beliefs of the VICA creed, and descr.bed the purpose of VICA

to the satisfaction of the VICA sponsor or VICA Club officers

and members as well as to the satisfaction of the vocational
program instructor.

SUGGESTED INSTRUCTION TIME: N/A

RELATED TECHNICAL INFORMATION:

- VICA publication(s).

= VICA emblem.

~ VICA motto, pledge, and creed.

= Local VICA Club in Career Center.




THIT 1.0C JOB COMMUNICATTONS

TASK 1.03 {Con't.) DEMONSTRATE PROPER USE OF
{optional) PARLIAMENTARY PROCEDURE

PERFORMANCE OBJECTIVE:

Given instruction, apply the principles of parliamentary procedure and
describe the characteristics of a good chairman.

PERFORMANCE ACTIONS:

1. 1Identify two basic principles upon which parliamentary
procedure is based.

2. List two important characterisiics of a "good" chairman.
3. Define or identify types of motionms.

4. Describe/identify the order of business for a meeting
conducted by parliamentary procedure.

S. Describe/identify the characteristics of the kinds of
motions used in conducting a typical meeting by parlia-
mentary procedure.

6. Demonstrate ability to use parliamentary procedure
correctly,
PERFORMANCE STANDARDS :
~ Define parliamentary procedure and how it is used to contrib~
ute to a meeting, identify the characteristics of a good - - - - -

chairman, and used parliamentary procedures correctly meeting
the standards of the instructor.

SUGGESTED INSTRUCTION TIME: N/A

(NOTE. "This activity should be integrated into VICA activitiec
and objectives.")

RELATED TECHNICAL INFORMATION:

Robert's Rules of Qrder.
VICA Club.
Public Speaking.
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UNTT l.0¢C JOB COMMUNICATTONS

. TASK 1,03 {Con't.) COMMUNICAYE A MESSAGE BY THE
(Optional) MEDIUM COF A SPEECH

PERFORMANCE OBJECTIVE:
Given instruction, list purposes of a speech, characteristics of a
speech, and write and orally deliver a speech. The delivered speech
should contain accurate information, be technically correct in orga-
nization and delivery, and the intended message should be communicated.
PERFGRMANCE ACTTONS:

"1, TIdentify three purposes for making a speech.

2. Write an outline for a proposed speech.

3. List at least five methods/ways to make a speech effec-
tive/interesting.

4. Deliver a three to five minute speech that successfully
communicates the Intended message.
PERFORMANCE STANDARDS:
-~ Successfully communicate intended message by a speech using
prope. techniques and meeting Instructor's (or VICA sponsor's)
standards.

ALTERNATE STANDAR- -

- Student is to describe verbally, task being performed, tech-
niques used, etc., to the instructor's standards.

SUGSESTED INSTRUCTION TIME: N/A

{NOTE: "This activity may be integrated into VICA activi-
ties and objectives."™)

«aTED TECHNICAL INFORMATION:

- VICA Club.
= Comnunications.




UNIT 1.0 D

PREPARING FOR WORK
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UNET 1.0D PRFPARING FOR WORK

TASK 1.01 DESCRIBE THE FREE ENTERPRISE SYSTEM
AND THE DIFFERENCE BETWEEN LABOR
AND MANAGEMENT

PERFORMARCE OBJECTIVE:

Given an introduction/orientation to the free enterprise system of
aconomics, describe to the satisfaction of the instructor the free
enterprise system of economics as found in the United States and de-
scribe the relationship between labor and management.

PERFORMARCE ACTIONS:

1.0101 Read assignments in trade magazines or periodicals.

1.0102 Listen to talks by representatives of labor and
management.

1.0103 Discuss the Free Enterprise System as represented by
business/industry in the United States.

1.0104 Discuss problems concerning émplay-
ee-management-trade union transactions.

PERFORMARCE STANDARDS:

- To the satisfaction of the instructor describe the Free
Enterprise System of economics as represented by business/in-
dustry in the United States.

SUGGESTED INSTRUCTION TIME: N/A
RELATED TECHNICAL INFORMATION:

= Free Enterprise System of Economics.
= Management and Labor Relationships.
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UNIT 1.0D PREPARING FOR WORK

TASK 1.02 INTERPRET LABOR LAWS AND REGULATIONS

PERFORMANCE OBJECTIVE:

Given instruction, necessary references concerning labor laws and
regulations, interpret typical labor laws and regulations. Performance
must meet the instructor's standards.

PERFORMANCE ACTIONS:

1.0201 Identify and interpret the "Fair Labor Standards
Act."

1,0202 State the minimum wage for a worker.
1.0203 State the typical minimum age for a worker.
1.0204 Identify how to report earned income.
1.0205 Define overtime:
1.0206 Identify local or State laws that affect the worker.
PERFORMANCE STANDARDS:
- Interpret typical labor laws and regulations of the Federal,

State, and local level that affect the worker.
- The instructor's standards must he met.

SUGGESTED INSTRUCTION TIME: N/A
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UNLT 1.0 D PREPARING FUR WORK

TASK 1.03 INTERPRET PAYROLL DEDUCTIONS FOR
TAXES, ETC.

PERFORMANCE 0OBJECTIVE:

Given instruction and sample forms concerning income tax and other
withholdings, interpret the typical forms used in income tax and other
withholdings to the satisfaction of the instructor and itemize typical

payroll deductions that worker encounters. Performance must be to the
instructor's standards.

PERFORMANCE ACTIONS:

1.0301 Obtain a social security card {if not acquired
already). [Recommended]

1.0302 Identify the purposes of social security withhold-
ings from pay.

1.0303 Describe who 1s qualified for unemployment compen~
sation,

1.0304 Describe who qualifies for workmen's compensation.

1.0305 Complete typilcal forms used for Federal Income Tax
Withholdings.

1.0306 Interpret a typical Federal Income Tax Wage and Tax
Statement form.

1.0307 Identify typical payroll deductions.

PERFORMANCE STANDARDS:
-~ Gilven typical forms used for payroll deduction and reporting
of income and other taxes, interpret payroll deductions and

other statements on the forms.
- Performance must be to the instructor's standards.

SUGGESTED INSTRUCTION TIME: N/A
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UNIT 1.0 D PREPARING FOR WORK

TASK 1.04 IDENTIFY TYPICAL CAREER OPPORTUNITIES

PERFORMANCE OBJECTIVE:

Given instruction, data on the local business and industry, oppor-
tunities to study entry-level job opportunities; identify the major
categories of potential employers in the local community (and the key
characteristics of each).

PERFORMANCE ACTIONS:

"Performance actions may vary from career center to career center due to
the potential employers served and based on the emphasis of the indi-
vidual vocational program."

PERFORMANCE STANDARDS:

-~ Identify typical types of entry-level jobs, in the local
community, and the major characteristics that distinguish them
based on given instruction, local market data, and student
observation.

-~ Meet instructor's standards.

SUGGESTED INSTRUCTION TIME:  See 1.1l
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UNIT 1.0 D PREPARING FOR WORK

TASK 1.05 LOCATE JOB OPPORTUNITIES

PERFORMANCE OBJECTIVE:

Given job placement Informastion such as newspaper ads and personal
contacts, list a minimum of ten specific jobs in the community. One
veek will be allowed to complete the task.

PERFORMANCE ACTIONS:

1.0501 Identify job opportunity areas as related to train-
ing, skills, and Interests.

1.0502 Contact (or list) various employment opportunity
sources:

a@. Job placement office.

b. Want ads:

c. Employment Security.

d. Other sources such as family, friends, school
officials, etec.

1.0503 Estimate competition for job opportunities (number
of other person; wanting same job) and target enough
job opportunities to statistically qualify for one
opportunity.

PERFORMANCE STANDARDS:

- Student must list a siinimum of ten specific jobs in the
community as advertised in the newspaper or media or through
personal contacts.

~ The jobs must be avallable currently.

SUGGESTED INSTRUCTION TIME: See 1.11

(Skill development and performance to be
demonstrated over one week.)
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UNIT 1.0 D PREPARING FOR WORK

TASK 1.06 (Optional) PREPARE RESUME

PERFORMANCE OBJECTIVE:

Given examples of suitable resume/personal data sheets, prepare and type
{or print at a minimum) a personal resume on paper acceptable to the
instructor with all errors acceptable corrected.

PERFORMANCE ACTIONS:
1.0601 Define the basic purpose of the resume.

1.0602 Outline the essential information a resume of
personal data sheet shculd contain:

a. Personal data such as name, address, telephone,
age, physical descriptions, marital status,
etec.

b. Job objective or skills offezed.

c. Training.

d. Expesience.

e. Accomplishments, interests, etc.

f. References.

1.0603 Prepare a resume that is acceptable to tha instruc-
tor.

PERFORMANCE STANDARDS:

~ Prepare resumz/personal data sheets on paper and in a form
acceptable go the instructoer with all errvors acceptable
corrected.

SUGGESTED INSTRUCTION TIME: See 1.11

RELATFD TECHNICAL YNFORMATION:

- Job Seeking - How and Where, Columbia, SC: South Carolina

State Depar+tment of Education, 1981.




UNIT 1.0D PREPARING FOR WORK

TASK 1.07 COMPOSE LEITER OF APPLICATION

PERFORMANCE OBJECTIVE:

Given a newspaper ad for a job, compose a letter of application. The

letter must be mailable and must include all necessary personal informa-
tion.

PERFORMANCE ACTIONS:

1.0701 Assemble necessary information, supplies, and
equipment.

1.0702 Compose a letter of application for a given business
position. 1Include the necessary information.

1.0703 Proofread the letter, correcting all errors.

PERFORMANCE STANDARDS:

- (Compose a letter of application for a position advertised in
the local newspaper and suitable for the skills and experience
of the student or for the hypothetical position described by
the instructor.

= Include necessary personal information and prepare the letter
in mailable form.

SUGGESTED INSTRUCTION TIME: See 1.11
RELATED TECHNICAL INFORMATION:

- Job Seeking - How and Where, Columbia, SC: South Carolina
State Department of Education, 1981.
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UNIT 1.0D PREPARING FOR WORK

TASK 1.08 COMPLETE A TYPICAL EMPLOYMENT
APPLICATION FORM

PERFORMANCE OBJECTIVE:

Given an employment application form typical of the job, complete the
form with all information accurate, neatly typed or printed in, and
aligned in the form blanks.

PERFORMANCE ACTIONS:
1.0801 Assemble minimum necessary information:

a. Personal information such as name, address, and
date of Hirth.

b. Data related to applicant such as social
gecurity number, etc.

c. Schooling or training information..

d. Past employment record.

e. References.

1.0802 Complete the application form following directions
carefully with neat, aligned entries.

1.0803 Proofread the coméleted form for errors or incom~

plete blanks.

PERFORMANCE STANDARDS:
~ Complete an employment application form typical of the job

with all information accurate, neatly printed or typed in and
aligned in the form blanks to the instructor's standards.

SUGGESTED INSTRUCTION TIME: See 1.1l
RELATED TECHNICAL INFORMATION:

- Job Seeking ~ How and Where, Columbia, SC: South Carolina
State Department of Education, 1981,
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UNIT 1.0D

TASK 1.09

PREPARING FOR WORK

INTERVIEW FOR A JOB

PERFORMANCE OBJECTIVE:

Given instruction on how to interview for a job, a job interview check-
list, and a mock job interview; complete 2 job interview to the satig-
faction of the instructor.

PERFORMANCE ACTIONS:

1.09¢C1

1.0902

1.0903

1.0904

PERFORMANCE STANDARD

Prepare for the interview:

a. Prepare personal appearance.
b. Prepare ecessary information, references, or
other material for the interview.

Arrive at the appropriate time and identify yourself
and your purpose or appointment.

Give a good impression in meeting the interviewer.
Exchange egsentizal information with the interviewer
to reflect your job skills, training, and experience

as well as your personality. In addition, learn
about che job opportunity and employer.

S

- Complete a mock job interview to the gatigfaction of the

instructor

following suggested procedures.

SUGGESTED INSTRUCTION TIME: See 1.1l




UNIT 1.0 D PREPARING FOR WORK

. TASK 1.10 {Optionel) COMPOSE FOLLOW-UP LEITER

PERFORMANCE OBJECTIVE:
Given a case situation by the instructor or from the textbook, compose
and write a follow-up letter appropriate to the job application or

interview situation and in mailable form. The finished letter must meet
the instructor's standards.

PERFORMANCE ACTIONS:

1.1001 Assemble necessary information, supplies, an
equipment, .

1.1002 Compose a follow-up letter, in mailable form, to a
given job application or interview situation.

1.003 * Proofread the letter, correcting all errors.

PERFORMANCE STANDARDS:
. - Compose and write a follow~up letter appropriate in the

judgement of the instructor to a given job application or
interview situation and in mailable form.

SUGGESTED INSTRUCTION TIME: See 1.11

RELATED TECHNICAL INFORMATION:

- Job Seeking - How and Where, Columbia, SC: South Carolina

State Department of Education, 1981.
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UNIT 1.0 E INTRODUCTION TO DESIRABLE
. JOB/LEARNING CHARACTER1STICS/
HABITS/ATTITUDES

TASK 1.01 DESCRIBE GOOD WORK HABITS IMPORTANT
*TO JOB SUCCESS

PERFORMANCE OBJECTIVE:

Given introduction/orientation to desirable work habits, as described by
potential employers or tradesmen, demonstrate desirable (good) work
habits (based on information provided by the instructor) that represent
typical standards expected by business/industry {(potential employers)
for entry employment success.

PERFORMANCE ACTIONS:

1.0101 Identify specific criteria for success in typical
entry level job categories.

1.0102 Participate in planning student's learning activi-

ties.
. 1.0103 Maintain a clean, well-organized learning situation
{(desk, locker, work area, shop, etc.) which is

conducive to effective learning.

1.0104 Objectively receive instructor or other critique
{correcticn, criticism, suggestions, etc.) of
learning job or job performance (behavior) or
product or activity.

1.4105 Describe good work habits and how they are related
to job success, stability, and advancement.

PERFORMANCE STANDARDS:
-~ Describe to the instructor's standards good work habits that

are impertant to job success, stability, and advancement.

SUGGESTED INSTRUCTION TIME: N/A
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UNIT 1.0 E INTRODUCTION TO DESIRABLE
JOB/LEARNING CHARACTERISTICS/
HABITS/ATTITUDES

TASK 1.02 EXHIBIT UCCESSFUL JOB
‘PERFORMA... CHARACTERISTICS

PERFORMANCE OBJECTIVE:

Given instruction, demonstrate job performance characteristics that are
considered important to entry-level career success in the vocational
field. A "Job Performance Rating Sheet" will be used to evaluate
performance and all items must be rated "frequently” or above.

(NOTE: It is recommended in research findings that employer-
recommended "job performance characteristics" and "work
attitudes" be included as part of the vocational student's
overall training and that demonstrated performance in these
areas be included in the total evaluation of the student.)

PERFORMANCE ACTIONS:

1.0201 Review important work characteristics for the
vocational field.

1.0202 Review the "Job Performance Rating Sheet" with the
instructer.

1.0203 Demonstrate those work characteristics that are
considered important to success in the wvocational
fiel~.

PERFORMANCE STANDARDS:
- Demonstrate by personal performance the work characteristics
that are considered importent.

~ & "Rating Sheet” will be used to evaluate performance and all
items must be rated "frequently" (observed) or above.

SUGGESTED INSTRUCTION TIME: N/A Integrated during two-year training
period.

Accompanied by addendum page {(Rating Sheet)

Rating sheet includes the following categories:

- Accuracy of work
-~ Care of working space
~ Care of equipment
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UNIT 1.0 E INTRODUCTION TO DESIRABLE
JOB /LEARNING CHARACTERISTICS/
HABITS /ATTITUDLS
TASK 1.02 EXHIBIT SUCCESSFUL JOB
* PERFORMANCE CHARACTERISTICS
Rating sheet {(Con't.):

Speed

Use of working time

Initiative

Attendance

Attitude toward fellow workers
Attitude toward teacher
Observance of safety rules

Use of materials
Responsibility

Accident report

Personal appearance, cleanliness




Addendum 0 Task 1.02E

JOB PERFORMANCE RATING SHEET

. Student Job Performed
Dates from to.
Place of work . Supervisor

DIRECTIONS: Circle the number that best fits your opinion of
the student's performance using the following
factors:

1. Gets to wotk on time
2. Uses time properly
3. Shows interest in work
4. Shows dependability
5. Is ambitious
6. Is rnsat (work and self)
7. wWorks w=2ll with others
8. Follows directions
. 9. Works without supervision
10. Shows good manners
11. Meets people well
. 12. Uses knowledge on the job
13, Seeks assistance, when necessary

WWWWWLWWWwwwwwww kFregquently
B b e e e e | DSually

mmmmmmmmmmmmmlﬂlwa‘{s

FERRRRRRRFSF S| Never
110 10 10 1 R0 10 19 1 N 1 pof Seldom

Does the worker have the skills for doing satisfactory work?
Yes No

List the skills or characteristics that need to be developed
or improved upon: .

Additional comments:

Date Supervisor




UNIT 1.0 E INTRODUCTION TO DESIRABLE
. JOB/LEARNING CHARAGZERISTICS/
HABITS /ATTITUDES

TASK 1.03 EXHIBIT DESIRABLE WORK ATTITUDES

PERFORMANCY OBJECTIVE:

Given instruction, demonstrate work attitudes that the majority of
potential employers prefer in an entry level worker. Performance will
be evaluated on a "Work Attitudes Score Card" and a minimum of 90
percent should be attained. Performance will bhe rated throughout
training and should improve to 100 percent by the end of the training
period.*

PERFORMANCE ACTIONS:

1.0301 Review work attitudes considered important to
success in the vocational field.

1.0302 Review the "Work Attitudes Score Card.”
1.0303 Demonstrate the type of work attitudes that poten-
. tial employers in the local industry report as
important to job success.
PERFORMANCE STANDARDS:
~ Demonstrate to 90 percent acceptable rating on a "Work Atti-
tudes Score Card," to be completed by the instructor, those

work attitudes considered important by local potential employ-
ers for entry-level job success.

SUGGESTED INSTRUCTION TIME: N/A Integrated during two-year trairing
period.

Accompanied by addendum page (Work Attitudes Score Card)

(*NOTE: It is recommended in research study findings that employer-
recommended "job performance characteristics" and "worlt
attitudes" be included as part of the vocational student's
overall training and that demonstrated performance in these
areas be included in the total evaluation of the student.)
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Addendum to Task 1.03 B

WORK ATTITUDES SCORE CARD

DIRECTIONS: Score the student on the following attitudes and
work behavior by circlipg the appropriate descrip-
tion either "yes" (+) or "no"
comments to support the rating or recommendations.

Circle

(=) -

Indicate any

Comments/
Recommendations

Cooperative

(No) (Yes)

+

Ccourteous -

+

Loyal to program study and Job
_team members -

Tackful

Self Disciplined

Respectful

Aiert

Motivated

Responsible

Trustworthv

Dependable

Cheer ful

Polite

_Interest

Friendly

+| 4|+ |||+

Sympathetic (sensitive) to

fellow students
Accepts cﬁanges

Follows rules and regulations

_Does share of work

Helps others. if needed

Works regularly

On_time

Shows pride in work

Keeps promises

_Does not waste time

———

Ccontrols anger

Accepts criticism

Follows suverior's directions

AN AR EY B B EREY Y Y EY P

28 Items total TOTAL {(+°'g)

INTERPRETATION

28 100%
25 90%
22 80%
20 70%
17 60%

Level
Level
Level
Level
Level

[ S | O TR (R}
a4 8an

O to Wi

Student:

¢7-8 38




UNIT 1.0 E INTRODUCTION TO DESIRARLE
. * JOB/LEARNING CHARACTERISTICS/
HABITS/ATTITUDES

TASK 1.04 DEMONSTRATE RESPECT FOR AND
*CARE OF SCHOOL PROPERTY

PERFORMANCE OBJECTIVE:

Given a classroom, shop, or other instructional setting with access to
furniture, equipment, tools and materials, and given proper instruction;
demonstrate a respect for and care of public property (training facili-
ties) and instructional materials to the standards established by The
School District of Greenville County, the career center, and the in-
structor,

PERFORMANCE ACTIONS:

1.0401 Listen to information provided by the instructor and
read given or posted materials concerning student
behavior and care of property.

1.0402 Demonstrate respect for and care of public school
. property including:

a. Facilities (building, classroom)}.
b. Furrishing (furniture),

¢. Equipment and to.ls.

d. Instructural materials.

+ ERFORMANCE STANDARDS:

- Demonstrate respect for and care of school property as repre-
sented by the classroom, shop, zquipment, tools and materials
used in instruction.

- Performance must be to the standards of policies of the School
District, the career center, and the instructor.

(NOTE: A willful disregard or disrespect (intentional damage or
destruction} of instructional facilities, equipment, or
materials should be considered a most serious situation since
an employer tvpically would require payment fcr intended
damages and 1 .ght fire the employee or bring legal charges
against the employee for intentional damage to facilities,

. yaipment, or materials.)

6 SUGGESTED INSTRUCTION TIME: N/A Tntegrated during two~year training
period.
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UNIT 1.0 F BASIC MATH SKILLS

TASK 1.01 BASIC MATH - FRACTIONS

PERFORMANCE OBJECTIVE:

Given a pretest or examples by the instructor, conduct the following
operations with fractions: ‘

1. Change any fraction to & decimal number, and any terminating
decimal number to a fraction.

2. Arrange in order...unit and simple nonunit fractions.

3. Write equivalent fractions in higher, lower, and lowest terms.

4, TWrite improper fractions as whole or mixed numbers, and mixed
numbers as improper fractioms.

5. . Multiply fractions and mixed numbers, expressing answers in
simplest form.

6. Divide fractions and mixed numbers, expressing answers in
simplest form.

7. Add and subtract unlike fractions, expressing answers in
simplest form.

3. Add and subtiset mixed numbers with unlike fractions, express-
ing a swers in simplest form.

9. Use rational numbers to solve simple work problems.

PERFORMANCE ACTIONS:
Consult: Curriculum Guide for High School General Mathematics,

Greenville, SC: The School District of Greenville County,
1979.

PERFORMANCE STANDARDS:

= Student should be able to complete pretest in Math Curriculum
Guide with 90 percent accuracy.

-~ Consult the Math Curriculum Guide for pretests, suggested
exercises, and references.

{NOTE: The level of this ma.h skill is eighth grade, General Math
Io)

SUGGESTXD I 'STRUCTION TIME:  See 1.05




UNIT 1.0 F BASIC MATH SKILLS

TASK 1.02 BASIC MATH -~ DECIMALS

PERFORMANCE OBJECTIVE:

Given a protest or examples by the instructor, conduct the following
decimal math operations:

1. Name the place value of digits in decimal numbers of up to
nine digits before the decimal and six digits after the
decimal.

2. Compare decimal numbers and arrange them in order.

3. Write the numeral for any decimal number of up to four decimal

places.

Round decimal numbers to any designated place value up to

thousandths.

Add and gubtract decimal numbers of up to six digits.

Multiply decimal numbers by whole numbers or decimal numbers.

Divide a number by a three~digit decimal number.

Multiply and divide decimal numbers by powers of ten, by

ingpection.

W~
- - - -

PERFORMANCE ACTIONS:

Consult: Curriculum Guide for High School General Mathematics,
Greenville, SC: The School District of Greenville County,

1979.

b

PERFORMANCE STANDARDS:

=~ Student should be able to complete pretest in Math Curriculum
Guide with 90 percent accuracy.
- Consult: Curriculum Guide for High School General Mathemat-
ics, 1979, for pretests, suggested exercises, and
references.

SUGGESTED INSTRUCTION TIME: See 1.05

{10TE: The level of this math skill is eighth grade, General Math I.)
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UNIT 1.0 F BASIC MATH SKILLS

TASK 1.03 (Optional) BASIC MATH - VOLUMES

PERFORMANCE OBJECTIVE:

Given a pretest or examples by the instructor, find the voiume of any
rectangular prism or cube.

PERFORMANCE ACTIONS:

Consult: Curriculum Guide for High School General Mathematics,
Greenville, SC: The Schcol District of Greenville County,
1979.

PERFORMANCE STANDARDS:

- Srudent should be able to complete pretest in Math Curriculum
Guide with 90 percent accuracy.
- Consult: Math Curriculum Guide for pretest, suggested exer-
cises, and references.

SUGGESTED IN3TRUCTION TIME: See 1.05

{NOTE: The level of this math skill is eighth grade, General Math I.)}




S

UNIT 1.0F BASIC MATH SKILLS

TASK 1.04 (Optional) BASIC MATH - AREAS

PERFORMANCE OBJECTIVE:

Given a pretest or examples by the instructor, find the area of the
following types of figures:

a. Rectangle and square
b. Civele
PERFORMANCE ACTIONS:
Consult: Currfculum Guide for High School General Mathematics,

Greenville, SC: The School District of Greenville County,
1979,

PERFORMANCE STANDARDS:

- Student should be able to complete pretest in Math Curriculum
Guide with 90 percent accuracy. ,

- Consult the Math Curriculum Guide for pretests, suggested
eXercises, and references.

SUGGESTED INSTRUCTION TIME: See 1.05

(NOTE: The level of this math gkill is eighth grade, General Math I.)
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UNIT 1.0 F BASIC MATH SKILLS

. TASK 1.05 (Optional) THE METRYIC SYSTEM

PERFORMANCE OBJECTIVE:

Given basic instruction in the metric system and conversion from United
States Customary units to metric; read and convert specifications and
dimensions from one system into the other $ystem on teacher or text
assigned problems with 100 percent accuracy.

PERFORMANCE ACTIONS:

1.0501 Demonstrate ability to read and use U.S Customary
: length measurements.

1.0502 Identify basic SI units and symbols.

Unit Name Symbol
Length Meter m

1.0503 Identify basic metric prefixes:

. . Prefix  Amount Fraction Decimal
Milli One~thousandth 1/1000 0.001
Centi One~hundredth 1/100 0.01
Decil OCne~tenth 1/10 0.1

1. 0504 Inches x 25.4 = Millimeters.

1.0505 Millimeters X 0.0394 = Inches.

PERFORMANCE STANDARDS:

-~ Accuracy of 100 percent using metric measurements.

SUGGESTED INSTRUCTION TIME: 1.01 - 1.05 = 12 Hours

RELATED TECHNICAL INFORMATION:

- ANSI Standards.
~ System International d'United {SI) (Metric System).
- U.S. Customary Measurements System.
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OUNIT 1.0 G BASC MEASURING

TASK 1.01 MEASURING

PERFORMANCE OBJECTIVE:
Given proper instructions, read a rule and use other measuring tools
with the precision necessary to take measurements or set them up.
PERFORMANCE ACTIONS:
1.0101 Define measuring terms with 80 percent accuracy.
1.0102 Accurately identify bazic tools used in measuring.

1.0103 Read a rule to the nearest feet, inches, and frac-
tions of inches down to 1/16 inch.

1.0104 Demonstrate ability to perform following measuring
skills:

a. Measure objects to nearest sixteenth of an inch
when given pictures of objects and a measuring
instrument.

b. Draw lines and objects to specified dimensions.

PERFORMANCE STANDARDS:
- Demonstrate ability to measure to 1/16 inch and draw lines or
objects to specified dimensions (1/16 inch accuracy).

SUGGESTED INSTRUCTION TIME: 6 Hours

RELATED TECHNICAL INFORMATION:

- Graduations on rule: Halves, quarter, eighths, sixteenths.

- Rules: Tapes (steel or other), folding rule, straight rule,
stael square.

- Metric measurement.

EXPANSION OF TASK:

- a. Estimate & measurement to 1/32 inch.
- b. Measure using the metric system.
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UNIT 1.0 G BASIC MEASURING
TASK 1.0l MEASURING (Con't.)
DEFINITIONS
MEASURING Setting of limits or bounds according to a pre-determined

INCH

FOOT

FRACTION

RULE

DIMENSION

standard.
Smallest whole unit of lineal measure typically used.

Unit of measure consisting of twelve equal parts called
inches.

One or more equal parts of a whole. {i.e., 1/2 inch, 1/4
inch, 3/8 inch, and 5/16 inch)

Instrument graduated in whole units and fractions of
units and used in measuring.

Number of full units and fraction of units between two
points.
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UNIT
TASK

i1.0H INTRODUCTION TO BLUEPRINY READING

1.01 IDENTIFY WORKING DRAWINGS AND
BLUEPRINT AND READ SPECIFICATIONS

PERFORMANCE OBJECTLVE:

Given an orientation to working drawings, blueprints, and specifica-
tions; differentiate between working drawings, blueprints, and speci-

fications.

PERFORMANCE ACTIONS:

1.0101 Identify working drawings.

1.0102 Identify blueprints. Explain the relationship
between blueprints and working drawinzgs.

1.0103 Identify specifications.
1.0104 Read specifications (orientation training). (As anu

integrated task during training, "extract specific
information from a preparsed set of specifications.")

PERFORMANCE STANDARDS:

On a written knowledge test, identify with 70 percent accuracy
a working drawing, blueprint, and specifications and the
relationship between working drawings and blueprints.
(Integrated task: Extract specific information with speci-
fications, meeting instructor's standards.)

SUGGESTED INSTRUCTION TIME: 3 Hours

RELATED TECHNICAL INFORMATION:

Introductory related training (orientation) to zoning, build-
ing/trade permits, codes, and inspections

Working drawings: Orthographic, Pictorials, Sections
Interpret Alphabet of Lines




UNIT 1.0 H INTRODUCTION TO BLUEPRINT READING

TASK 1.02 INTERPRET COMMON BLUEPRINT SYMBOLS

PERFORMANCE OBJECTIVE:

Given instruction concerning common blueprint symbols, a set of simple
blueprints using the symbols, 'and an assignment to identify common
symbols typically used in the occupational field; recognize different
blueprint symbols with 100 percent accuracy and meeting the instructor's
standards.

PERFORMANCE ACTIONS:

1.0201 Identify common blueprint symbols used in the
occupational field.

1.0202 Interpret symbols used in blueprints typical to the
occupational field and that the entry-level worker
typically would encounter.

1.0203 Identify commonly used abbreviations used in draw~
ings and blueprints. (Familiarization)
PERFORMANCE STANDARDS:
- Interpret common building symbols used on blueprints and
drawings in the occupational field with an accuracy of 100
percent and meeting the standards of the instructor. Identify

commonly used abbreviations used in drawings, blueprints, and
gpecifications.

SUGGESTED INSTRUCTION TIME: 3 Hours
RELATED TECHNICAL INFORMATION:

~ American Institute for Architects (AIA) symbols
~ American standards plumbing symbols
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UNIT 1.0 H INTRODUCTION TO BLUEPRLNT READING

TASK 1.03 INTERPRET DIMENSIONS FROM BLUEPRINTS

PERFORMANCE OBJECTIVE:
Given instructicn, Architect's/Engineer's Scale or drawing, blueprint
representations, and an assignmeut to interpret the blueprint with 1/16
inch accuracy.
PERFORMANCE ACTIONS:

1.0301 Identify Architect's/Engineer's Scale and its use.

1.0302 Identify methods of dimensioning on blueprints.

1.0303 Interpret dimension on blueprints and sketches.

PERFORMANCE STANDARDS:
- Interpret dimensions oa blueprints and sketches with 1/16

inch.
- Meet instrqctor’s standards.

SUGGESTED INSTRUCTION TIME: 3 Hours
RELATED TECHNICAL INFORMATION:
- Scales used on blueprints.

- Scaling drawings in occupational field.
- Measuring scaled lines.

(NOTE: Performance action 1.0303 may be interpret as reading and
interpreting details.)
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UNIT 1.0 H INTRODUCTION TO BLUEPRINT READING

TASK 1.04 READ BLUEPRINT AND SPECIFICATIONS
AND ESTIMATE MATERTIALS FOR JOB

PERFORMANCE OBJECTIVE:

Given blueprints for a job, a requirement to layout/plan a job from the
blueprints and specify job materials needed to complete the work,
accurately read the blueprints and specifications and estimate the
materials for the job with 95 percent accuracy. An accuracy of 1/16 to
1/64, depending on the instructor's requirements, in measuring is
expected and final work must meet the instructor's standards.

PERFORMANCE ACTIONS:

1.0401 From given blueprints, layout assigned job with
layout meeting the dimensions measured by the
instructor within 1/16 or 1/64 inch.

1.0402 From blueprints and specifications. specify the
materials required to complete the work.

1.0403 From blueprints, specifications, and assignment
information, determine the proper tools and equip-
ment needed to complete the job.

{NOTE: This action may be integrated with esti~
mating. Estimating may be treated as a
separate task or integrated with occupa-
tional math.)

1.0404 "As an extenuation of this task," take the job
specifications and determine materials needed and
how the materials should be purchased, and obtain
purchase cost estimates (from local suppliers,
catalogs, or information given by the instructor.)

PERFORMANCE STANDARDS:

~ Given blueprint and specifications and a job assignment,
determine the material requirements and estimate the cost of
the material.

SUGGESTED 1NSTRUCTION TIME: 6 Hours




UNIT

TASK

1.0 H INTRODUCTION TO BLUEPRINT READING

1.04 READ BLUEPRINT AND SPECIFICATIONS AND
ESTIMATE MATERIALS FOR JOB (Con't.)

RELATFD TECHNICAL INFORMATION:

Reading blueprints

Reading specifications

Measuring

Layout

Material suppliers

Reading and intexpreting "notations" on drawings
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MODULE 2.0

FUNDAMENTALS OF ELECTRICITY

This unit has been organized as a general introduction to electricity.
This unit description may exceed o1 may not fully represent the degree
of which the instructor elects teo cover electricity fundamentals. This

unit, however, should represent a minimum approach to the fundamentals
of electricity.

Typically, instructional time, in both the classroom and shop, will
emphasize the application of fundamentals to practical situations.

H
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AMPERAGE

AMPERE (A)

CAPACITOR

CIRCUIT

* CONDUCTIVITY

CONDUCTANCE

CONDUCTOR

CONTINUITY
CURRENT

DC

INSULATOR

MIL

oM

PARALLEL
CIRCUIT

RESTSTIVITY

RESTSTOR

FUNDAMENTALS OF ELECTRICTITY
MINIMUM SUGGESTED TERMINOLOGY
Measurement unit for quantity of electrons, electricity,

electrical current, current flow. {See below)

Unit of intensity of electrical current {I)}; rate of flow
of electric charge. (See below)

Device giving capacitance, usually consisting of conduct~
ing plates of foils separated by dielectric with the
plates on opposite sides of the dielectric layers oppo-
sitely charged by the source voltage.

Complete path of an electrical current including the
source voltage.

Specific conductance of materials; mathematical inverse
of resistivity.

Mathematical inverse of resistance.

Material which allows the free flow or passage of an
electric current through its structure, such as a wire,
cable, or bus suitable for carrying electrical current.
A Continuous function or uninterrupted function.

Movement of electrons through a conductor.

Electrical current that moves consistently in only one
direction.

A device that is a poor conductor of electricity and that
may be used separate or support conductors to prevent an
undesired flow of electricity.

One~thousandth.

Measurement unit for resistance to electrical current
offered by a circuit or device.

Circuit where electrical devices are arranged with all
positive poles, electrodes, and terminals jointed to one
conductor and all negative ones to another conductor so
each unit i3 in effect on a parallel branch.

Specific resistance of materials expressed as ohms per
circular mil foct.

Device used to impede electrical current flow or to
divide voltages within circuits.
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FUNDAMENTALS OF ELECTRICITY

MINIMUM SUGGESTED TERMINOLOGY {Con't.)

SERIES Circuit in which- electric current has only one path
throughout.
VOLTAGE Measurement unit for electrical potential or electrical

force; electromotive force (emf.)

WATTAGE Amount of power expressed in ywatts.
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ELECTRICITY

MODULE/ TASK

Module 2.0
2.01
2.02
2,03
2.04
2.05
2.06
2.07
2.08
2.09
2.10
2.11
2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

ELECTRICITY
FUNDAMENTALS OF ELECTRICITY
SUGGESTED INSTRUCTION TIMES

FUNDAMENTALS OF ELECTRICITY

Produce Voltage Sy Magnetism

Produce Voltage by Thermal Means
Produce Voltage by Photoelectric Means
Produce Voltage by Chemical Means
Construct an Electromagnet

Measure Voltage in Simple Circuit
Measure Amperage in a2 Simple Cireuit
Measure Fesistance in Simple Circuit
Test for Continuity

Determine Wattage

Read Microfarad Rating of Capacitors

Test Capacitors

SUGGESTED
HOURS

*%
*%

*%

12

ik

Draw a Series Resistive Circuit and Calculate

Circuit Values
Construct a Resistive Series Circuit

Construct Circuit with Batteries Wired
in Series

Draw Parallel Resistive Circuit and
Calculate Circuit Values

Construet a Parallel Resistive Circuit

Construct a Circuit with Batte .. s Wired
in Parallel

Draw a Series-parallel Resistance Circuit
and Calculate Circuit Values

Construct a Series-parallel Resistance
Circuit
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MODULE/TASK

ELECTRICITY
o

2.21 Measure Resistance of 2 Single-Phase
Motor
2.22 Connect 2 Single~phase Step-down
Transformer
2.23 Connect 2 Single-phase Step-up Transformer
2.24 Connect an Auto Transformer to Provide a
Variety of Output Voltages
* = See 2.05
k% = See 2.09
*kk = See 2.12
kkxt = See 2,20
*kkkk = See 2,24
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HOURS
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MODULE/TASK

MODULE

2,01

2.02

2.03

2.04

2.05

2.06

TASK LISTINGS
ELECTRICITY

DESCRIPTION

FUNDAMENTALS OF ELECTRICITY

(Produce Voltage by Magnetism) Provided with a permanent
magnet, a coil wire, VOM, and adequate wire for circuit
connections; produce a voltage by magnetism. The
movement of the coll around the magnet or movement of the
magnet through the coil must produce a voltage (deflect
Vo) .

(Produce Voltage by Thermal Means) Given a thermo-couple
or thermopile, source of heat, VOM, and the necessary
wire for connections; produce a voltage by thermal means.
When the connections are made and heat is applied to the
thermocouple or thermopile, a voltage must be indicated
on the VOM (register a deflection).

(Produce Voltage by Photoelectric Means) Provided a
photo cell, solar cells, or photoelectric cell, VOM,
light source, and necessary wire for connections; produce
a voltage by photoelectric means. The cell(s) must
generate an electrical voltage (deflect VOM) with the
proper light source activated.

(Prod=re Voltage by Chemical Means) Provided with a
container, zinc, carbon, water, chemicals with which to
make an electrolyte, a voltmeter, and the required wire
for connections; produce a voltage by chemical means.
When mixing process is complete and electrodes are
connected to a voltmeter, a IC low voltage pre-determine
by the instructor should be read on the meter (e.g., 1.5
volts).

(Construct an Electromagnet) Given specifications, iron
core, magnetic wire, DC power source, and the necessary
tools and materials; construct an electro-magnetic. The
magnet, when completed will show & force by attracting a
metal object and holding it while the voltage is
maintained.

(Measure Voltage in Simple Circuit) Provided with a
functional circuit, a drawing or schematic of the cir-
cuit, a VOM, and the necessary tools or materials;
measure voltage in a simple circuit. The voltage reading
observed should be equivalent to those stated on the
schematic (or prrdetermined).

8 110




2.07

2.08

2.09

2.10

2.11

2.12

2.13

2.14

{(Measure Amperage in & Simple Circuit) Provided with a
functional DC circuit, a drawing or schematic of the
circuit, VOM, and the necessary materials; measure the
current in the simple circuit. The current reading {s)
must agree with values on the schematic or predetermined
by the instructor.

{Measure Resistzuce, in Simple Circuit) Provided with a
functional circuit, a drawing or schematic of the cir-
cuit, an ohmmeter or VOM, and required materials; measure
the resistance (s} in the circuit. Resistance measure-
ments should equal the ohm values indicated between the
test points on the schematic or should equal prede-
termined values measured by the instructor.

(Test for Continuity) Provided with a VOM and acces-~
sories, an assortment of components such as fuses, wire,
or other devices {(or given a simple circuit to test);
make continuity measurements. Identify component or
circult as a conductor or non-conductor.

{Determine Wattage)} Given an electrical appliance and a
wattmeter {or voltage and current measurements with
appliances in operation), determine wattage. Measure-
ment/estimate must be in agreement with predetermined or
measured finding of the instructor.

(Read Microfarad Rating of Capacitors) Given an assort-
ment of capacitors typicall¥ used in motor based systems,
a capacitor analyzer if available, and information from
the instructor; determine the microfarad ratings (within
5 percent using the analyzer) of the capacitors.

(Test Capcitors) Given an ohmmeter and assorted
capacitors; test the capacitors to determine if each is
open, shorted, deteriorated, or servicable.

{(Draw a Series Resistive Circuit and Calculate Circuit
Values) Given a gource voltage, values for three resis-
tors, and necessary materials; without aid of references,
draw a series resistive circuit and calculate circuit
values. Calculate and note on the drawing, the voltage
drop across Rl, R2, and R3, and the cotzl current.
Calculations must be 100 percent correct. The drawing
must be correct using the proper symbols, etc.

{Construct a Resistive Series Circuit} Given a drawing
of a series resistive circuit, power source, required
components, wire conductor, VOM, and necessary tools and
materials; construct the geries circuit. Connections
must be mechanically and electrically secure, the circuit
must agree with the diagram schematic, the circuit must
be operational, an measurements of resistance, voltage,
and current must agree with calculated values of the
circuit.
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2,15

2.16

2.17

2.18

2.19

(Construct Circuit with Batteries Wired in Series} Given
a diagram or schematic, several batteries, a VOM, wire
circuit with the four batteries in series. All con-
nections must be mechanically and electrically secure to
the instructor's satisfaction and the circuit should
produce a combined voltage of the batteries.

{(Draw Parallel Resistive Circuit and Calculate Circuit
Values)} Given a source voltage and total current for a
circuit; information that the current through Rl wiil be
1/2 of the current through R2 will be 1/2 of the current
through R3; and provided the required tools and mate-
rials; draw a parallel registive circuit and calculate
circuit values. Calculate and note on the drawing, the
values for Rl, R2, and R3. The drawing must include the
proper symbols, be neatly crganized according to in-
structions given, and be acceptable to the instructor.

(Construct a Parallel Resistive Circuit) Provided with a
drawing/schematic of a parallel resistive circuit,
required components, wire conductors, power source, VOM,
and necessary tools and materials; construct the required
parallel resistive circuit. Connections should be
mechanically and electrically secure, the circuit should
operate as intended, and measurements of voltage, cur~
rent, and resistance should be equivalent to the cal~
culated values of the circuic. The product must be
acceptable to the instructor.

{(Construct a Circuit with Batteries Wired in Parallel)
Given a diagram/schematic, batteries of the zame voltage,
wire conductors, a VOM, and necessary tools and mate-
rials; construct & circuit with the batteries wired in
parallel. Connections should be mechanically and elec-
trically secure and the circuit ghould product the
desired voltage.

(Draw a Series~parallel Resistance Circuit and Calculate
Circuit Values) Provided with a source voltage, the
individual valueg of three resistors in the circuit, and
the required materials; draw a series-parallel circuit
and calculate the circuit values. Calculate and note on
the drawing the values for the parallel and series branch
circuits., Calculations for circuit values must be 100
percent sccurate according to given voltage and resis-
tance values. The serieg-parallel circuit drawing must
be accurate, use the proper symbols, and be acceptable to
the instructor.




2.20

2.21

2.22

2.23

2.24

{Construct a Series-parallel Resistance Circuit} Given a
drawing/schematic of a series-parallel resistance compo-
nents, wire conductors, VOM, and other required materials
and tools; construct a series-parallel resistance cir-
cult. All connections will be mechanically and elec-
trically secure, the circuit must operate as intendad,
and the voltage and current measurements must be equiva-
lent to the calculated values of the circuit.

(Measure Resistance of a Single-phase Step-down Motor)
Provided with an ohmmeter (VOM) and & functional single-
phase motor; measure the resistance of the windings of
the motor. The resistance should be within a predeter-
mine value {given by the instructor, indicated on manu-
facturer's data plate.)

(Connect a Single-phase Step-down Transformer) Provided
with a wiring diagram, a single-phase transformer, a
power source, a VOM, the necessary wire conductors,
connectors , and tools; connect a single-phase step-down
transformer in a circuit, The transformer must be wired
properly to the power source and to the remaining circuit
with mechanically and electrically secure circuits.

The transformer provided should be suitable for the
circuit demands.

(Connect a Single-phase Step-up Transformer) Provided
with a wiring diagram (or schematic), a single-phase
gtep-up transformer, power source, wire conductors, VOM,
and necessary materials and tools; connect a single-phase
step-up transformer. The trans{ormer must be properly
wired to the power source, connections should be mechani-
cally and electrically secure, and the transformer output
must provide the desired voltage and current according to
the transformer rating.

(Connect an Auto Transformer to Provide a Variety of
Output Voltages) Given a wiring diagram/schematic, an
auto transformer or equivalent, instructions concerning
the auto transformer or equivalent method of varying-an —
output voltage, a power source, wire conductors, VOM, and
required materials and tools; connect the auto
transformerer to provide one or more voltage less than
the line voltage. The auto transformer or substitute
must be properly wired to power the power source, connec-
tions must be mechanically and electrically secure, and
required voltsges must be obtained and measured.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.01 PRODUCE VOLTAGE 2Y MAGNETISM

PERFORMANCE OBJECTIVE:

Provided with a permanent magnet, a coil wire, a VOM, and adequate wire
for circuit connections; produce a voltage by magnetism. The movement
of the coll around the magnet or movement of the magnet through the coil
must produce a voltage {(deflect VOM).

PERFORMANCE ACTIONS:

2.0101 Connect & generator to a VOM or equivalent {galvano-
meter).

2.0102 Rotate the armature.

2.0103 Observe the presence of voltage {current flow).

PERFORMANCE STANDARDS:

-~ Produce a voltage by a yire moving through a magnetic field,
observing that voltage on 2 suitable device such as a galvano~-
meter or VOM, etec.

SUGGESTED INSTRUCTION TIME: See 2.05

RELATED TECHNICAL INFORMATION:

=~ Explain principles of ragnetism.
Explain charscteristics of lines of force {flux).
=~ Discuss methods of producing voltage by means of magnetism.
- Define Alternating Current {AC).
= Explain wire rule.
- Explain goil rule.
- Explain magnetic generator prineciples.
- Explain safety considerations.




MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.02 PROPUCE VOLTAGE BY THERMAL* MEANS

PERFORMANCE OBJECTIVE:

Given a thermocouple or thermopile, gource of heat is applied to the
means. When the connections are made and heat is applied to the thermo-
couple or thermopile, a voltage must be indicated on the VOM (register a
deflection).

PERFORMANCE ACTIONS: (A typical approach to the task)

2.0201 Connect a thermocouple (or thermopile) to a galvano-
meter (or VOM) and heat the thermopile with a heat
source designated by the instructor.

2.0202 Heat the thermopile with a heat source decignated by
the instructor.

2.0203 Read the current flow ladicated by the meter instru-
ment.
PERFORMANCE STANDARDS:
-~ Produce a voltage by thermal means, observing the voltage on

the VOM or a guitable device for indicating the presence of
voltage.

SUGGESTED INSTRUCTION TIME: See 2.05

RELATED TECHNICAL INFORMATION:

- Explain operation of thermocouple.

- Explain operation of thermopile.

- Describe uses of thermocouples and thermopiles.
-~ Identify safety congiderations.

*Heat energy




MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.03 PRODULE VOLTAGE BY PHOTOELECTRIC*
MEANS

PERFORMANCE OBJECTIVE:

Provided a photo cell, solar cells, or photoelectric cells, VOM, light
source, and necessary wire for connections; produce a voltage by photo-
electric means. The cell(s) must generate an electrical voltage (de-
flect VOM) with the proper light source activated.

PERFORMANCE ACTTONS:

2.0301 Connect a photoelectric, photo, or sgolar cell to the
VOM (or galvanometer),

2.0302 Vary the light to the cell.

2.0303 Note the current flow ox voltage output, as applica-
ble.

. PERFORMANCE STANDARDS:

- Produce a voltage by photoelectric means observing the voltage
on a VOM &t suitable device. .

SUGGESTED INSTRUCTION TiIME: See 2.05

RELATED TECHNICAL INFORMATION:

- Explain operation of photo cell.

- Explain operation of golar cell.

- Explain operation of photoelectric cell.

~ Describe some of the uses of photo, photoelectric, and solar
cells.

- Describe procedure for constructing basic photoelectric
circuits.

«~ Identify safety considerations.

*Light energy
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.04 PRODUCE VOLTAGE BY CHEMICAL MEANS

PERFORMANCE OBJECTIVE:

Provided with a container, zinec, carbon, water, chemicals with which to
make an electrolyte, a voltmeter, and the required wire for connections;
produce a voltage by chemical means. When mixing process is complete
and electrodes are connected to a voltmeter, a D.C. low voltage pre-
determine by the instructor should be read on the meter (e.g., 1.5
volts).

PERFORMANCE ACTIONS:

2.0401 Construct a chemiczl cell following instructor’'s
directions.

2.0402 Connect cell to VOM or other device to indicate the
presence of voltage.

2.0403 Observe the production of voltage.

PERFORMANCE STANDARDS:

- Produce an observable voltage by a chemical energy cell
according to the directions of the instructor {(worksheet,
ete.), observing the voltage on the VOM or a suitable device
that indicates the presence of voltage.

NOTE: This task may be as simple as generating electricity by
electrodes inserted in a lemon and connected to a VOM.
EMPHASIS is on the student understanding how electricity may
be produced.

SUGGESTED INSTRUCTION TIME: See 2.05

RELATED TECHNICAL INFORMATION:

~ Identify structure of an atom.

- Explain function of electrolytes and electrodes.

- Describe a storage cell.

-~ Differentiate (describe difference) between a dry cell and a
wet cell {lead-acid cell).

- Describe procedures for construction a wet cell.

- Define voltage.

-~ Define amperate.

- Define a Direct Current (DC).
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MODULE 2,0 FUNDAMENTALS OF ELECTRICITY

TASK 2.04 PRODUCE VOLTAGE BY CHEMICAL MEANS

RELATED TECHNICAL INFORMATION (Con't):
- Explain how to read voltmeter scales and set up a VOM for

testing.
- TIdentify sufety considerations.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.05 CONSTRUCT AN ELECTROMAGNET

PERFORMANCE OBJECTIVE:

Given specifications, iron core, magnetic wire, DC power source, and the
necessary tools and materials; construct an electromagnetic. The
magnet, when completed will show a force by attracting a metal object
and holding it while the voltage is maintained.

PERFORMANCE ACTIONS:
2.0501 Asgemble materials.

2.0502 Wind magnetic wire around an iron core according to
directions given by the instructor.
(ALTERNATE: Select a relay coil, test it for
continuity wicth the VOM, and wire it in the required
electromechanical circuit {i.e., as a relayl.)

2.0503 Assemble the required demonstration unit according
to given directions.

2.0504 Apply required electricity.

2.0505 Observe electromagnetic force that attracts and
holds a metal object in while voltage is applied.

PERFORMANCE STANDARDS:

- Construct an electromagnet that will attract and hold a metal
object while voltage is applied.

- Recommend: Use of relay parts to demonstrate the
electromagnet.

SUGGESTED INSTRUCTION TIME: 2.01 -~ 2.05 = 6 Hours

RELATED TECHNICAL INFORMATION:

- Explain conductor flux.

- Explain flux direction {(wire rule).
- Explain flux density.

~ Explain coil rule.

- Explain magnetic strength.

- Identify safety considerations.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.06 CONSTRUCT AN ELECTROMAGNET

EXPANSION OF INSTRUCTION:

Design of relays.

Adjustment of relays.

Electrically diagnosing faulty relays.

Types of relays found in low-voltage control Systems.
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MODULE 2,0 FUNDAMENTALS OF ELECTRICITY

. TASK 2.06 MEASURE VOLTAGE IN SIMPLE CIRCUIT

PERFORMANCE OBJECTIVE:

Provided with a functional circuit, a drawing or schematic of the
circuit, a VOM*, and the necessary tools or materials; measure voltage
in a simple circuit. The voltage reading observed should be equivalent
to those stated on the schematic (or predetermined).

*Y0M consists of a working, calibrated VOM with proper scale(s) for

measurements and accompanying test probes/leads.

PERFORMANCE ACTIONS:(This task may be accomplished as part of
practical shop work)
(NOTE: This task may follow or may be jointly
conducted witk the task concerning the use of the

VOM. See unit on Measuring Instruments.)

2.0601 Assemble schematic/di ..ram/drawing of circult, VOM
and other materials n _essary.

. 2.0602 Foliowing given direction's. measure voltage at
required points in the circuit.

2.0603 Note voltage readings.

2.0604 Compare readings with voltages refarenced on the
schematic, etc., or predetermined readings taken by
the instructor, etc.

PERFORMANCE STANDARDS:
- Measure voltage in a simpie circuit noting any differences in
voltage measured from voltages indicated in given information

or predetermined by the instructor.
- Determine why any major differences were read.

SUGGESTED INSTRUCTION TIME: See 2.09
RELATED TECHNICAL INFORMATION:

- Define volt.
. ~ Explain what voltmeter measures.
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MODULE

TASK

2.0 FUNDAMENTALS OF ELECTRICITY

2.06 MEASURE VOLTAGE IN SIMPLE CIRCUIT

RELATED TECHNICAL INFORMATION (Con't.):

Describe/demonstrate use of VOM: function switch, scale
reading.

Explain different units of measurement:
- microvolt
- millivolt
- wvolt
- kilovolt
Explain/demonstrate procedure/techniques of measuring volt-
ages.
Identify safety considerations.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.07 MEASURE AMPERAGE IN A SIMPLE CIRCUIT

PERFORMANCE OBJECTIVE:

Provided with a functional DC circuit, a drawing or schematic of the
circuit, VOM*, and the necessary materials; measure the current in the
simple circuit. The current reading(s) must agree with values of the
schematic or predetermined by the instructor.

*An AC circuit may be substituted and an amprobe as the instrument.
PERFORMANCE ACTIONS:{(This task may be accomplished as part of
practical shop work)
\MOTE: See unit of Measuring Instruments.)

2.0701 Assemble schematic/diagram/drawing of éircuit, test
instrument, and other required materials.

2.0702 Following given directions, measure current at
required points in the circuit.

2.0703 Note current readings.

2.0794 Compare current readings with data from given
information including component {compressor, motor,
etc.) data plates, if applicable.

2.0705 Note any significant differences in actual readings
compared to predetermined readings or given informa-
tion concerning currents in the circuit.

PERFORMANCE STANDARDS:

~ Measure amperage in a given circuit. as required, using given
information and measuring instrument.

SUGGESTED INSTRUCTION TIME: See 2.09

RELATED TECHNICAL INFORMATION:

- Define ampere, milliampere.

- Identify and read proper scales of VOM.

~ Describe/demonstrate function switch selection on VOM.
~ Explain use of shunt on VOM/ammeter.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.07 MEASYME AMPERAGE IN A SIMPLE CIRCUIT

RELATED TECHNICAL INFORMATION {(Cen't}s

- Describe/demonstrate proper procedvtes/techniquas for measur—
ing current.
- Identify safety considerations.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.08 MEASURE RESISTANCE 1IN SIMPLE CIRCUIT

PERFORMANCE OBJECTIVE:

Provided with a2 functional circuit, a drawing or schematic of the
circuit, an ohmmeter or VOM, and required materials; measure the resis-
tance(s) in the circuit. Resistance measurements should equal the ohm
values indicated between the test points on the schematic or should
equal predetermined values measured by the instructor.

PERFORMANCE ACTIONS:(This task may be accomplished as part of
practical shop work)
{NOTE: See unit on Measuring Instructionms.)

2.0801 Assemble given information, circuit, and test

inst rument.
2.0802 Set up circuit and instrument for measuring resis-
tances. {i.e., remove power from circuit, etc.)
2.0803 Make a resistance measurements as directed.
2.0804 Compare resistance measurements with data from given

information. (i.e., resistance values given on
schematic or diagram, values indicated by resistor
color codes, etc.)

2.0805 Note any significant differences between measured
resistances and resistance measures given or pre-
determined.

PERFORMANCE STANDARDS:

~ Make resistance measurements in a given circuit, using proper
procedures, and noting any significant differences in measures
taken and given information.

- 1If signiflcant differences are noted, identify thc cause.

SUGGESTED INSTRUCTION TIME: See 2.09

RELATED TECHNICAL INFORMATION:

-~ Define ohm, resistance.

- Explain characteristics of a material that is:
= conductive
- non—conductive {(insulator)

resistive {a resistor)
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

. TASK 2.08 MEASURE RESISTANCE IN 3IMPLE CIRCUIT.

RELATED TECHNICAL INFORMATION (Con't):

= Identify symbol for fixed and variable resistors.

~ Describe composition of several different kinds/types of
resistors.

-~ Identify/use the resistor color code.

- Explain why components being measured must be isolated.

- Explain why readings should be taken from center gcale of
meter.

-~ Describe how to set up VOM for resistance measurements (use of
multiplier ranges, ohms scale, zero adjustment of ohmg scale).

* = Describe/demonstrate proper procedures/techniques for making

vesistance measurements.

- Identify safety consideration.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.09 TEST FOR CONTINUITY

PERFORMANCE OBJECTIVE:
Provided with VOM* and accessories, an assortment of components such as
fuses, wire, or other devices {or given a simple circuit to test); make

continuity measurements. Identify component or circuit as_a conductor
or non-conductor. "

*Commercial or shop made continuity tester may be substituted.
PERFORMANCE ACTIONS:(This task may be accomplished as part of practical
shop work.)
(NOTE: See unit on Measuring Instruments.)
2.0901 Assemble test instrument, given data, and circuit.
2.0902 Make continuity measurements according as required.
2.0903 Note any open, closed or grounded circuits or
components where continuity conflicts with given

data (schematics, diagrams, etc.).

2.0904 Identify cause of any continuity readings that are
not normal.

PERFORMANCE STANDARDS:

- Test a given circuit for continuity according to given schem-
atics, diagrams, etc., and note situations where readings are
different from what is normal.

SUGGESTED INSTRUCTION TIME: 2.06 - 2,09 = 12 Hours

RELATED TECHNICAL IJFORMATION:

- TIdentify component symbols.

- Describe how to set VOM up for continuity testing.

- Explain/demonstrate procedures/techniques of continuity
testing.

-~ TIdentify components/circuits which may be readily tested by
continuity scale.

-~ Identify safety considerations.




MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.10 DETERMINE WATTAGE

PERFORMANCE OBJECTIVE:

Given an electrical appliance and a wattmeter {or voltage and current
measurements with appliance in operation), determine wattage. Measure-
ment/estimate must be in agreement with predetermined or measured
finding of the instructor.

PERFORMANCE ACTIONS: (This task may be arcomplished as part of practical
shop work)

{NOTE: See unit on Measuring Instruments.)

2.1001 Assemble unit to be measured, measuring instru-
ment {s), and necessary materials.

2.1002 Take required measurements: Wattage directly or
voltage and amperage.

2.1003 4. Read watts consumed by unic.
b. If using voltage and current, calculate watt
consumed by unit.

2.1004 Compare measured wattage with information given on
manufacturer's data plate or references available.

2.1005 Note if unit is operating normally.

PERFORMANCE STANDARDS:

- Determine the wattage of a given electrical appliance.

- A wattmeter may be used or wattage may be calculated from
measured voltage and amperage.

-~ Measurements must agree with predetermined measurements or

data plate.
SUGGESTED INSTRUCTION TIME: 3 Hours

RELATED TECHNICAL INFORMATION:

- Define watt.

- Explain different units of measurement.
- Explain power formula.

- Describe the proper use of a wattmeter.
~ Identify safety considerations.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.11 READ MICROFARAD RATING OF CAPACITORS

PERFORMANCE OBJECTIVE:

Given an assortment of capacitors typically used in motor based systems,
a capacitor analyzer if available, and information from the instructor;
determine the microfarad ratings (within 5 percent using the analyzer)
of the capacitors.

PERFORMANCE ACTIONS:(This task may be accomplished as part of shop
work. )

(NOTE: See unit on Measuring Instruments also
[Use of VOM].)

2.1101 ldentify different types of capacitors:

a. List three things which may identify a starting
capacitor. (See expansion task on next page¥.)

b. List three things which may identify a run
capacitor. (See expansion task on next page*.)

2.1102 Determine capacitor microfarad rating to the stan-
dards of the instructor.

PERFORMANCE STANDARDS:

~ Determine microfarad rating of capacitors to the standards of
the instructor usjag the recommended methods.

SUGGESTEDR INSTRUCTION TIME: See 2.12

RELATED TECHNICAL INFORMATION:

-~ Draw/identify symbol for a capacitor.
-~ Explain proper use of capacitor analyzer.
- Identify different types of capacitors and where each type
typically is used.
~ State units of measurement for capacitors.
~ Describe how to compute total capacitance in:
a. series: 2 capacitors; more than 2 capacitors
b. parallel: 2 capacitors or more
~ Identify safety considerations.




MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.11 READ MICROFARAD RATING OF
CAPACITORS (Con't.)

+

*EXPANSION OF TASK: "Determine replacement capacitor"

— Start capacitors are rated above 50 MFD,

-~ Run capacitors are rated below 50 MFD.

- 8Start capacitors have 2 tolerance of +/~ 20 percent.

-~ Run capacitors have a +/- 10 percent tolerance (a 20 MFD
capacitor may be replaced with an 18-22 MFD capacitor).

- Replacement capacitors must have the same or a higher voltage
rating than the capacitor replaced.

- 8tarting capacitors are of electrolyte type.

-~ The starting capacitors is in the motor circuit only during
starting conditions.

-~ The run capacitor is in the circuit all the time the compres-
sor 1s operating.

Cl}
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.12 TEST CAPACITORS

PERFORMANCE OBJECTIVE:
Civen an VOM and assorted capacitors; test the capacitors to determine
if each is open, shorted, deteriorated, or serviceable.
PERFORMANCE ACTIONS:
2.1201 Review directions for use of VOM to test capacitors.

2.1202 Identify that capacitors are either:

a. Good
b. Deteriorated
c. Open
d. Short

2.1203 Check status of capacitors by properly using the
VoM, adjusted to the recommended Ohm's Scale.

. . 2.1204 Using the VOM (voltmeter) and amprobe (ammeter),
determine if a capacitor is deteriorated:
(Determine the microfarads of the capacitor.)

a. Read voltage rating of capacitor.

b. Set up for determining MFD from voltage and
amperage measurements, using a power source of
equal to or less than the rating of the
capacitor.

¢. Take voltmeter measurement.

d. Take ammeter measurement.

e, Apply formular: 2650 x Amperes

MFD's = Volts

f. Check MFD determined by measurements with MFD
indicated on capacitor to estimate deterio-
ration.

PERFORMANCE STANDARDS:

- Determine if a given capacitor is open, short, deteriorated,
or serviceable using a VOM and Amprobe.

~ Findings must agree with predetermirnied findings or be accept~
able to the instructor.

. SUGGESTED INSTRUCTION TIME: 2.11 - 2,12 = 3 Hours
Q
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.12 TEST CAPACITORS (Con't.)

RELATED TECHNICAL INFORMATION: .

- Describe procedure for checking capacitors with the ohmmeter
or VOM (using R x 1 scale).

- Describe how to safely handle capacitors {e.g., discharging
prior to testing).

~ Explain:
Capacitance = amps x 2650 = MFD (uF)

voltage
= Describe how capacitor reactance can cause out of phase
condition (where voltage lags behind current).
- Identify 3 things that can go wrong with a capacitor: open,
short, or deteriorated.
- Identify safety considerations in determining capacitor
deterioration by voltage and current measurements.
- Identify typical causes of capacitor failure:
- Stuck or fused switch or relay contacts.
- Worn or frozen motor bearings.
- Excessive lcad or motor bearings.
. - Incorrect capacitor ratings.
~ Low line voltage.
~ Shorted capacitor case.
- Electrolytics are designed for about 50,000 starts.
- Electrclytics failure typically has no external sign
and 85 percent of fatlure are open capacitors.
- Paper oil rumnning capacitors are good for about 15 years.
- Paper oil running capacitors typically fail by
opening and often show a bulge indicating failure.
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SEX M - T

MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.13 DRAW A SERIES RESISTIVE CIRCUIT
AND CALCULATE CIRCUIT VALUES

PERFORMANCE OBJECTIVE:

Given a source voltage, values for three resistors, and necessary
materials; without aid of references, draw a series resistive circuit
and calculate circuit values. Calculate and note on the drawing, the
voltage drop across R1, R2, and R3, and the total current. Calculations
must be 100 percent correct. The drawing must be correct using the
proper symbols, etc.

PERFORMANCE ACTIOMNS: {Resistors may be replaced with other resistive
devices.)

2.1301 Identify given resistors (Rl, R2, and R3) values and
a given source voltage value.

{Sample: 20 ohms each, 120 volt source = 60 ohms
total with a current of 2 amps per resis—
tance.)

2.1302 Draw series circuit with the three resgistors across
the power source.

2.1303 Apply rule that resistors add in series. Apply
Ohm's Law.

2.1304 Calculate circuit values including total resistance,
voltage drop across each resistor, and current flow
through each reaistor.

2.1305 Check calculations with measuring instruments, if
required by instructor: Otherwise, check if calcu-
lations with instructor’s findings.

PERFORMANCE STANDARDS!

- Draw a series resistive circuit and calculate circuit values
showing the voltage drop across Rl, R2, and R3, and the total
current.

- Calculations must be 100 percent accurate and the drawing must
be correct with the proper symbols used.

SUGGESTZD INSTRUCTION TIME: See 2.20
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.13 DRAW A SERIES RESISTIVE CIRCUIT AND
CALCULATE CIRCUIT VALUES {Con't.)

RELATED TECHNICAL INFORMATION:

- Explain Ohm's Law (Ohm's Law formula).

- FRirchoff's Law for service circuits.

- Describe characteristics of geries resistive eircuit.
- Explain voltage drop.

~ Practice electrical circuit drawing skills.

- See sample drawing below:

s1 Fuse R1=20.A I=E=120v.
Y A R 60 = 2 Amps.
102 v %m-z-n- '
L .
< 20 x ZA=40v
R3= 20 .. 20 x 2 =40
20 x 2 =40
. 60x 2 = 120v

Rtot = R1 + RZ + R3
Rt = 20 + 20 + 20
R total = 60 _n
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2,14 CONSTRUCT A RESISTIVE SERIES CIRCULIT

PERFORMANCE OBJECTIVE:

Given a drawing of a series resistive circuit, power source, required
components, wire conductor, VOM, and necessary tools and materials;
construct the series circuit. Connections must be mechanically and
electrically secure, the circuit must agree with the diagram/schematic,
the circuit must be operational, and measurements of resistance, volt-
age, and current must agree with calculated values of the circuit.

PERFORMANCE ACTIONS:

2.1401 After drawing and calculating series resistive
circuits, obtain from the ingtructor & drawing ov
schematic of a series resistive circuit to con-
struct.

2.1402 Construct one or more series circuits, as required,
following recommended techniques.

2.1403 Use ohmmeter to determine circuit resistances.
2.1404 Compare measured resistances with calculations.
2.1405 Measure voltage drop across resistors.
2.1406 4s required by the instructor, use Ohm's Law and
Power Law to calculate resistance, resistor wattage,
and voltage drop for given practical problems.
PERFORMANCE STANDARDS: ’
- Following a given diagram/schematic construct an operational
geries circuit using three resistors.
~ Mechanical and electrical connections must be secure.

- Measurements of resistance, voltage, and current must agree
with calculated values of the circuit.

SUGGESTED INSTRUCTION TIME: See 2.20
RELATED TECHNICAL INFORMATION:
~ Identify components indicated on drawing/schematic.
- Describe proper VOM connections to circuit for desired
measurements (voltage, resistance, current).

- Explain methods of making mechanically and electrically secure
connections.
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. MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.15 CONSTRUCT CIRCUIT WITH BATTERIES
WIRED 1IN SERIES

PERFORMANCE OBJECTIVE:

Given a diagram or schematic, several batteries, a VOM, wire conductors,
and the necessary tools and materials; construct a circuit with the four
batteries in series. All connections must be mechanically and electri-
cally secure to the instructor's satisfaction and the circuit should
produce a combined voltage of the batteries.

PERFORMANCE ACTIONS:

2.1501 Wire the required number of batteries in series
following recommended procedures.

2.1502 Calculate the voltage anticipated.
2.1503 Set up the VOM and measure the total voltage
produced by the battery circuit.
PERFORMANCE STANDARDS:
~ Construct a circuit with batteries wired in series so that a
total voltage equals the combined voltage of the batteries.

-~ The circuit must be constructed to represent the given dia-
gram/schematic and must be to the the instructor's standards.

SUGGESTED INSTRUCTION TIME: See 2.20

RELATED TECHNICAL TNFORMATION:

Identify symbol for a dry cell/battery.
= Review basic information concerning batteries.
~ 1Jdentify safety considerations.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.16 DRAW PARALLEL RESISTIVE CIRCUIT AND
CALCULATE CIRCUIT VALUES

PERFORMANC” OBJECTIVE:

Given a source voltage and total current for a2 circuit; information that
the current through Rl will be 1/2 of the curremt through R2 which is
1/2 of the current through R3; and provided the required tools and
materials; draw a parallel resistive circuit and calculate circuit
values. Calculate and note on the drawing, the values for Rl, R2, and
13. The drawing must include the proper symbols, be neatly organized
according to instructions given, and be acceptable to the instructor.

PERFORMANCE ACTIONS.

2.1601 a., State that resistors do not add in a series.
b. State rule for parallel resistors that ares
(1) equal

(2) not equal

2.1602 Draw several parallel circuits from information
. given by the instructor.

2.1603 Use Ohm's Law and Kirchoff's Law to determine
circuit values.

2.1604 Check circuit values with VOM and ammeter.

PERFORMANCE STANDARDS:

- Draw a parallel resistance circuit and calculate the circuit
values based on a given voltage and current for the circuit;
information that the current through Rl is 1/2 of current
through R2 which is 1/2 of current through R3.

- The drawing must represent a parallel circuit, include proper
symbols, and be acceptable to the instructor.

SUGGESTED INSTRUCTION TIME: See 2.20

RELATED TECHNICAL INFORMATION:

- Kirchoff's Law for parallel circuits.

- Describe characteristics of a parallel circuit.

~ Explain how to solve for R-total in parallel.

- Describe/demonstrate how to draw/wire parallel circuits. Refer
to sample circuits that follow.
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Addendum to Task 2.16

PARALLEL-RESISTIVE CIRCUITS

e Ao, 1 o _4+2+3 _ 7
ot e RT 30 60 "~ 120 120 120
51 F‘J‘? RT = 120
& Rl - LU _

1204 NE A ;:E Z 17.24._n_

= !

) ¢ - I =B _ _120 = 7 amps

R

17.14

N

53

Nl
i
S

F R, Rz R3
T-2A9TYA (=34

;

3‘131123: .

Voltage across R3

Amps thru Rj3

125v

RI
son

R2

?500

R3
250

—Hji—
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.18 CONSTRUCT A CIRCUIT WITH BATTERIES
WIRED IN PARALLEL

PERFORMANCE OBJECTIVE:

Given a diagram/schematic, batteries of the same voltage, wire conduc~-
tors, a VOM, and necessary¥ tools and materials; construct a circuit with
the batteries wired in parallel. Connections should be mechanically and
electrically secure and the circuit should produce the desired voltage.

PERFORMANCE ACTIONS:

2.1801 Wire batteries in parallel as required by the
instructor.

2.1802 Explain resulting circuit.

2.1803 Make required circuit measurements.

PERFORMANCE STANDARDS:

- Construct a circuit with batteries of the same voltage wired
in parallel sc the end result is the desired predetermined
voltage.

~ The circuit must be in agreement with the schematic, etc.,
provided and must be accepiable to the instructor.

SUGGESTED INSTRUCTION TIME: See 2.20

RELATED TECHNICAL INFORMATIOMN:

- Describe the characteristics of a parallel circuit.
- State faoctors that determine current in a battery.
~ Describe how to use the VOM.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.17 CONSTRUCT A PARALLEL
RESISTIVE CIRCUIT

PERFORMANCE OBJECTIVE:

Provided with a drawing/schematic of a parallel resistive circuit,
required components, wire conductors, power source, VOM, and necessary
tools and materials; construct the required parallel resistive circuit.
Connections should be mechanically and electrically secure, the circuit
should operate as intended, and measurements of voltage, current, and
resistance should be equivalent to the calculated values of the circuit.
The product must be acceptable to the instructor.

PERFORMANCE ACTION:

2.1701 Assemble materials required for parallel resistive
circuit.

2.1702 Interpret given drawing or schematic.
2.1703 Construct the required parallel resistive circuit.
2.1704 Calculate values for the circuit.

2.1705 Using VOM and other available instruments, make
messurements to check circuilt calculations and
operation.

PERFORMANCE STANDARDS:

~ Following a given diagram/schematic construct a parallel
resistive circuit from components and materials provided so
that the circuit functions as intended with voltage, current,
and resistance mrasurements being the equivalent of calculated
values.

- The wired circuit must be acceptable to the instructor.

SUGGESTED INSTRUCTION TIME: See 2,20

RELATED TECHNICAL INFORMATION:

- JTdentify components.

- PRead pictorial/drawing, schematic.

~ Describe use of VOM to measure voltage, current, and resis-
tance.

~ Descrihe/demonstrate how to wire a parallel circuit.
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MODULE

TASK

2.0 FUNDAMENTALS OF ELECTRICITY

2.19 DRAW A SERIES-PARALLEL RESISTANCE
CIRCUIT AND CALCULATE CIRCUIT
’VALUES

PERFORMANCE OBJECTIVE:

Provided with a source voltage, the individual values of three resistors
in the ecircuit, and the required materials; draw a series-parallel
circuit and calculate the circuit values. Calculate and note on the
drawing the values for the parallel and series branch circuits. Calcu-
lations for circuit values must be 100 percent accurate according to
given voltage and resistance values. The series-parallel circuit
drawing must be accurate, use the proper symbols, and be acceptable to
the instructor.

PERFORMANCE ACTIONS:

2.1901  Apply applicable rules {(Laws).

2.1902 Draw a series-parallel resistive circuit using
information provided by the instructor.

2.1903 Calculate values of the circuit not given.

2.1904 Check calculations and findings with. those of the
instructor.

PERFORMANCE STANDARDS:

Using given circuit voltage and resistance values, draw a
series—parallel circuit and calculate circuit values with 100
percent accuracy.

The drawing and calculations must be acceptable to the in-
structor.

SUGGESTED INSTRUCTION TIMZ: See 2.20

RELATED TECHNICAL INFORMATION:

Describe a series-parallel eircuit,
Identify/draw series branch.
Identify/draw parallel branch.

Explain/demonstrate calculations required to determine circuit
values.
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Addendum to Task 2.19

SERIES-PARALLEL RESISTANCE CIRCUIT

30, o
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.20 CONSTRUCT A SERIES-PARALLEL
‘ RESISTANCE CIRCUIT

PERFORMANCE OBJECTIVE:

Given a drawing/schematic of a geries~-parallel resistance circuit,

values for circuit resistances, the circuit veltage, components, wire
conductors, VOM, and other required materizls and toels; construct a
series~parallel resistance circuit. All connections will be mechani-
cally and electrically secure, the circuit must operate as intended, and
the voltage and current measurements must he equivalent to the calculated
values of the circuit.

PERFORMANCE ACTIONS:

2.2001 Assemble materials required for series-parallel
circuit,

2.2002 Wire circuit according to diagram/schematic.
2.2003  Check circuit with schematic/diagram.
2.2004 Measure circuit values.

2.2005 Check circuit measurements against calculated
values.

PERFORMANCE STANDARDS:

- Construct a series~parallel circuit resistance from given
information, components, and tools and, using a VOM, check to
ensure that circuit measurements of voltage and current are
equivalent to calculated values.

= The circuit should operate as intended and the product must be
acceptable to the instructor.

SUGGESTED INSTRUCTICN TIME: 2.13 - 2.20 = 30 Hours

L]
RELATED TECHNICAL INFORMATION:

- Identify circuit symbols.

- Identify electrical components.

- Explain method for solving R-total.
- Describe series-parallel circuit.
~ Demonstrate use of VOM.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.21 MEASURE RESISTANCE OF A
SINGLE-PHASE MOTOR

PERFORMANCE OBJECTIVE:

Provided with an VOM and a functional single~phase motor; measure the
resistance of the windings of the motor. The resistance should be
within a predetermine value (given by the instructor, indicated on
manufacturer's data plate).

PERFORMANCE ACTIONS:
2.2101 Assemble motor, VOM, and other required materials.
2.2102 Set up VOM for resistance measurement.
2.2103 Identify motor windings:

a. Main wiring has fewer turns of heavy wire
resulting.

b. Start winding has up to 6 times the resistance
of main winding.

2.2104 Make measurements.

2.2105 Check measurements against predetermined value given
by the instructor.

PERFORMANCE STANDARDS:

= Measure the resistance of a single-phase motor using the VOM.

- Measurement should agree with a predetermined value. )

- Performance process and measurement finding must be acceptable
to the instructor.

SUGGESTED INSTRIJCTION TIME: 3 Hours

RELATED TECHNICAL INFORMATION:

-~ TIdentify winding markings of different types of motors.

- Identify the starting winding from the ryn winding by resis-
tance check (starting winding having more resistance)}.

- Explain single-phase.
Explain three~phase.

- Describe/demonstrate use of VOM for resistance measurements.
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MODULE 2.20 FUNDAMENTALS OF ELECTRICITY

TASK 2.21 MEASURE RESISTANCE OF A
SINGLE-PHASE MOTOR (Con't.)

EXPANDED TECHNICAL INFORMATION:

- Describe self-starting motors.
~ Identify wiring block of a typical motor {Identify the abbre-
viation: C, §, R}.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.22 CONNECT A SINGLE-PHASE
- STEP-DOWN TRANSFORMER

PERFORMANCE OBJECTIVE:

Provided with a wiring diagram, a singie-phase transformer, a power
source, a VOM, the necessary wire conductors, connectors, and tools;
connect a single-phase step-down transformer in a circuit. The trans-
former must be wired properly to the power source and to the remaining
circuit with mechanically and electrically secure circuits.

The transformer provided should be suitable for the circuit demands.

PERFORMANCE ACTIONS:

2.2201 Assemble necessary materials including the step-down
transformer.

2.2202 a., Check output of transformer to ensure that
circuit components are not damaged by excess
voltage. Then, connect transformer into
circuit,

b. Wire the step-down transformer in the given
circuit so that the circuit operates properly.
(Suggested circuit is a low-voltage control
system, possibly with thermostat, etc.)

2.2203 Check connections and circuit.
PERFORMANCE STANDARDS:

~ Connect a given single~phase step-down transformer in a
circuit according to diagram/schematic provided with mechani-
2ally and electrically secure connectors and meeting the
instructor's standards.

SUGGESTED INSTRUCTION TIME: Sce 2.24
RELATED TECHNICAL INFORMATION:

-~ Identify symbols: transformer, conductor junction, etc.

~ Differentiate between AC and DC (advantages, etc.) low-voltage
control circuits.

- Explain induction.

-~ Describe basic transformers and how they are used.

~ Explain how transformers are constructed to step-down/up
voltage.

~ Describe current reaction when voltage is stepped-down.
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MODULE 2.0 FUNDAMENTALS OF ELECTRICITY

TASK 2.23 CONNECT A SINGLE~PHASE
STEP-UP TRANSFORMER

PERFORMANCE OBJECTIVE:

Provided with a wiring diagram (or schematic), a single-phase step-up
transformer, power source, wire conductors, VOM, and necessary materials
and tools; connect a single-phase step-up transformer. The transformer
must be properly wired to the power source, connections should be
mechanically and electrically secure, and the transformer output must
provide the desired voltage and current according to the transformer
rating.

PERFORMANCE ACTIONS: (This is an optional task.)

2.2301 a. If a step-up transformer is av ilable for a
single task, follow procedures outlined by the
instructor to demonstrate proper method of
wiring a step-up transformer into a circuit.

b. As an advanced task, if transformers are
available, wire a Buck/Boost circui: suitable
for shop use.

2.2302 Low voltage bell transformers might be used for
demonstration.

PERFORMANCE STANDARDS:

~ Connect a single-~phase step-up transformer in a circuit
according to a given diagram/schematic to provide the voltage
and current for which the circuit and transformer have been
designed.

SUGGESTED INSTRUCTION TIME: See 2.24

RELATED TECHNICAL INFORMATION:

~ Identify the symbols for a step-up transformer.

-~ Describe the uses of a step-up transformer.

~ Explain how current reacts when voltage is stepped-up.

- Explain inductive reactance.

- Explain the out-of-phase condition {where current lags behind
voltage) caused by inductive reactance.
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MODULE

TASK

2.0

2.23

FUNDAMENTALS OF ELECTRICITY

CONNECT A SINGLE-PHACE
STEP-UP TRANSFORMER {Con't.}

EXPANSION OF TASK FOR ADVANCED STUDENTS OR DEMONSTRATION:

If materials such as transformers are available, wire
BUCK/BOOST TRANSFORMERS to raise or lower a source voltage.

{See addendum page.)




Addendum to Task 2.23

BUCK/BOOST TRANSFORMER ORIENTATION (Optional)

PURPOSE: The industrial electrician might encounter service or

installation situations where the source voltage may vary as
much as 20 percent from electrical equipment data plate
requirement while the eléctrical equipment may require a
supply voltage within. 5 percent of requirements.

Buck/boost transformers are the solution to most cases of over
or under voltage.

BUCK/BOOST TRANSFORMER:

A low voltage signal transformer is similar to a buck/boost transformer.
The buck/boost transformer typically is wound with 120/240 volt pri-
maries and 12/24 or 16/32 volt secondaries. They are wired into a
circuit so that all of the load current flows through the secondary
winding before going to the load.

The resulting actions is similar to that of an auto transformer.

Look at the following diagram: N VITAGE I

BUCK ~ BOOST TRANSFORMER

LN WIAGE ¥

The load current always goes through the secondary windings but never
through the primary windings. The load is conaected to the low voltage
for buck and to the high voltage for boost.

BOOST: Low voltage is wired in parallel to both the secondary and
primary windings. The voltage of the load current flowing through the
secondary windings is increased by the "in phase" induction of voltage
to the secondary windings from the primary windings. The amount of
voltage increase is related to the ratio of turns in the primary/secon-
dary windings and the arrangement of windings in eight series of paral-
lel.

BUCK: High voltage is wired in series, first to the secondary windings
and then to the primary windings. Load current, flowing through the
secondary windings first, results in the induction current from the
primary windings being slightly "out of phase". This bucking action
produces a reduction in voltage.
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Addendum to Task 2.23

SIMPLE BUCK-BOOST CIRCUIT FOR THE SHOP (OPTIONAL)

Circuit components may be substituted with suitable components available
in the shop. The circuit shown should buck or boost line voltage by
about 10 percent or from about 108 to about 132 volts for a 120 volt
line.

Low Voltage
Transformer
126 vaC to

12 vaC, 10a

Autotransformer
120 vaC, 1l.5a

Secondary of low-voltage transformer is wired in series with high side
of AC line. Current to load flows through the low voltage secondary and
it must rated to carry the expected load current. The DPDT switch
phases the secondary of the low-voltage transformer to add or subtract
from the source voltage {buck or boost). The autotransformer provides a
means of smoothly controlling the buck/boost. The voltmeter may be
omitted.

ALTERNATE BUCK-BOOST FOR THE SHOP/LAB

INPUT OUTPUT
120v '””":'\b — — 110v-130v
r'- H
- & {IQ -[./-
G .. |
P 4 'J -
—=

Single pole, 3-position
switch or jacks

20v/10A Low voltage transformer
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MODULE

‘I' TASK

2.0 FUNDAMENTALS OF ELECTRICITY

2.24 CONNECT AN AUTO TRANTFORMER TO
PROVIDE A VARIETY QF OUTPUT VOLTAGES

PERFORMANCE ACTIONS: (Orientation)

. PERFORMANCE ACTIONS:

SUGGESTED INSTRUCTION TIME: 2.22 - 2,24 = 12 Hours

RELATED TECHNICAL INFORMATION:

PERFORMANCE OBJECTIVES:

Given a wiring diagram/schematic, an auto transformer or equivalsnt,
instructions concerning the auto transformer or equivalent method of
varying an output voltage, a power source, wire conductors, VOM, and
required materials and tools; connect the auto transformer to provide
one or more voltage less than the line voltage. The autotransformer or
substitute must be properly wired to power the power source, connections
must be mechanically and electrically secure, and required voltages must
be obtained and measured.’

2.2401 If the shop has an auto transformer or the equiva-
lent circuit, demonstrate how the auto transformer
may provide a variety of output voltages.

Connect an auto transformer or equivalent to provide a means
varying the output voltage from the line voltage.
Connections must be properly made and the circuit operation
must be to the Instructor's standards.

Describe principle of auto transformer operation.
Identify use of auto transformer {(or equivalent).

De cribe L.w auto transformer can be used to step-up or
step-down voltages.

Identify wire size required to handle load(s).
Identify safety considerations.



MODULE 3.0

ELECTRICAL TOOLS AND EQUIPMENT

Upon completing this unit, the student will be able to identify by name
and use commonly used "pouch" tools, bench or gemeral tools, as well as
specialized tools aud equipment of the electrician. In addition, the

student will be able to demonstrate proper selection, use and care of
tools and equipment.
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ELECTRICITY

MODULE/TASK

Module 3.0
3.01
3.02

ELECTRICITY
ELECTRICAL TOOLS AND EQUIPMENT
SUGGESTED INSTRUCTION TIMES

ELECTRICAL TOOLS AND EQUIPMENT
Select and Use Typleal Pouch Tools

Select and Use Typlcal Speclality
Tools

130 153

SUGGESTED
HOURS

15
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TASK LISTINGS

C ) ELECTRICITY
MODULE/TASK DESCRIPTTION
Module 3.0 ELECTRICAL TOOLS AND EQUIPMENT
3.01 (Select and Use Typical Pouch Tools) Given

electrical pouch tools, identify the tools by
proper name and demonstrate the proper use and care
of the tools.

3.02 (Select and Use Typical Speciality Tools) Given an
electrical tcols room or bench, identify speciality
tools by proper name and demcnstrate proper use and
care of the tools.
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MODULE 3.0 ELECTRICAL TOOLS AND EQUIPMENT

TASK 3.01 SELECT AND USE TYPICAL POUCH
TOOLS

PERFORMANCE OBJECTIVE:

Given electrical pouch tools, identify the tools by proper name and
demonstrate the proper use and care of the tools.

Suggested Pouch Tools:

- Tool pouch

« Folding rule

- Adjustable wrench

- Long nose pliers

- Side cutters (9" high leverage w/cushion grips)

-~ Diagonal pliers

- Groove joint pliers/utility pliers/pump pliers/tongue and
groove pliers.

~ Nut driver

= Adjustable wire strippers

~ 8ix in one tool/crimping all-purpose

-~ Pocket knife/electrician's

- Flat blade screwdriver (6™ x 3/16" round shank w/insulated
grip

- Phillips head screwiriver

- Ball peen hammer

- Neon test light

(NOTE: As a standard, see Klein Tools, General Catalog 125, 7200
McCormick Blvd., Chicago, IL 60645, for detailled pictures and
descriptions of typical electrical tools.)

PERFORMANCE ACTIONS:

3.0l101 Identify given tools.

3.0102 - Demonstrate proper use of tools.

3.0103 Explain special techniques in use of certain tools
such a3 adjustable wrench, and wire and cable
cutters.

PERFORMANCE STANDARDS:
-~ Proper uge and care of electrician's pouch (hand) tools should
be according to a standard such as Klein Tool's publication,

Hand Tools, Pliers, Screwdrivers, Wrenches, Striking and
Struck
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MODULE 3.0 ELECTRICAL TOOLS AND EQUIPMENT

TASK 3.01 SELECT AND USE TYPICAL POUCH
TOOLS

PERFORMANCE STANDARDS {Con't)

- Tools, 7200 McCormick Blvd., Chicago, IL 60645. ($1 publica-
tion available free to vocational programs.)

-~ Identification by proper name should be within 95 percent
accuracy {pliers, screwdrivers, and hammers.)

SUGGESTED INSTRUCTION TIME: 15 Hours

RELATED TECHNICAL INFORMATION:

- For additional reference concerning proper identification, use

and care of pouch (hard) tools, see:

1. Taylor, Mark, Residential Wiring, Stillwater, OK:
America Vocational Curriculum Consortium, Inc., 1983

2. ©Siebert, Leo, N., ed, Introduction to Industrial
Electricity ~ Electronies, Stillwater, OK: Oklahoma

. State Board of Vocational and Technical Education,

1981.

3. Use of safety glasses in cutting.
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Addendum to Task 3 01

DEMONSTRATE USE OF POUCH TOOLS
Cut wire with diagonal cutter pliers.

Use long nose pliers to loop wires for screw terminals {(make wire
eyes). ’

Use adjustable wrench to tighten hex-head screws, eta.

Use the folding rule, check depth gage markings on side of outlet
box and align box for wall covering (wallboard).

a. Remove pryouts on boxes by twisting them out with a2 screw-
driver.

b. Use screwdriver to tighten screw on each side of outlet box to
locate (positiou) box.

Tighten cable clamp "locknut™ by using pouch or (screwdriver) and
hammer.

Remove insulation from number 10-14 wire with electrician's k.ife
so 1 inch of bare non-insulated wire is exposed.

Remove insulation with wire stripper, matching stripper notch to
wire size, exposing 1 inch of conductor: and not damaging
conductor.
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MODULE 3.0

TASK 3.02

ELECTRICAL TOOLS AND EQUIPMENT

SELECT AND USE TYPICAL
SPECTALITY TOOLS

PERFORMANCE OBJECTIVE:

Given an electrical tools room or bench, identify speciality tools by
proper name and demonstrate proper use and care of the tools.

(NOTE: Electricity program facilities and equipment and speciality
tools will determine actual tasks. Measuring instruments
treated separately.)

Suggested Speciality Tools:

- Soldering gun

- Hacksaw

- Pipe cutter

- EMT bender or hickey bender
- Pipe reamer

- Files: f£lat, half round
- Torpedo level

- Brace

- Auger bit

-~ Knockout punches

- Fish tape and reel

-~ Plump bob

- Electrician's chisel

- Keyhole saw#*

- Reciprocal saw*

- Electric driil

- Power wise

- Power bander

- Hammer drill

- Screw gun (machine)

*Some equipment may-be introduced-by joint training other vocational
programs (e.g., Carpentry, Air Conditioning, Industrial Maintenance) or
by using borrowed tools and equipment.

PERFORMANCE ACTTONS:

3.0201

3.0202
3.0203

Properly identify given tools and equipment with 100
percent accuracy.

Demonstrate proper use of tools.

Explain special techniques in using certain tools.
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MODULE 3.0 ELECTRICAL TOOLS AND EQUIPMENT

TASK 3.02 SELECT AND USE TYPICAL
SPECIALITY TOOLS (Con't)

PERFORMANCE ACTIONS: (Con't):

3.0204 Demonstrate proper care of toolss including return
of tools to tool rooms/box.

PERFORMANCE STANDARDS:

- WMinimum standards industry expects of entry level employees.
~ Performance must meet the instructor's standards.

SUGGESTED INSTRUCTION TIME: 15 Hours

RELATED TECHNICAL INFORMATION:

- See: Residential Wiring (1983) or Introduction to Industrial
Electricity - Electronics (1981) for reference/standards
concerning use and care of speciality tools/equipment.
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Addendum to Task 3.02
DEMONSTRATE USE OF SPECIALITY TOOLS
As a minimum nerformance competency, demonstrate the proper selection,
use and care of the following tools:
1. Use wire strippers.

2. Use cutting-crimping tool.

3. Set up and use a hacksaw, including selecting a correct blade for
the task and properly installing the blade.

4. Cut and thread rigid conduit, use power vise (if cutter available).

5. Ream rigid conduit (if rigid conduit used in imstruction).

6. Bend EMT conduit.

7. Use a knockout punch.

8. Use a reciprocal saw (if available}, (may be combination training
with carpentry or orientatinn training by audiovisual media)

(portable electric sabre-saw may be substituted).

9, Use electric drill: Recommended that stusent be oriented to
drilling in wood cement, and steel.

10. Correctly pull or push electrical wiring with fish tape.
11. yse brace and bit to bore hole in wood studs.

12. se chisel to cut out notch in stud for cable run or for mounting
of receptacle box.

13. Properly splice wires together select correct solder, and solder
wire splice for electrically and mechanically strong joint, with no
insulation melted, and with no excess solder visible.

14. Use the plumb bob and diagonal lines from each corner of a room to
determine the center -of the room for locating a lighting outlet.-

15. Use the torpedo level to plumb, vertically and horizontally, a box
or conduit.

16. File or ream ends of cut conduit to remove sharp or rough edges
that might cut wiring.

17. Use EMT conduit bender to make a bend and offset.
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Addendum to Task 3.02

SAFETY PRACTICES
FOR
ELECTRICAL HAND TOOLS

Wear eye protection.

Faces of hammers should be flat and not too smooth which might
cause hammers to slip from nails or cause nails to fly.

Screwdriver tip should be properly ground and fit slot in screw
head.

Avoid using screwdriver on objects held in hand.

Check wood handles on tools for splinters or rough edges: Use fine
sandpaper and wipe lightly with lineseed oil to keep handles
smooth.

Never use & file uniess it has a handle fastened on it.

Do not strike a file against anything to knock off filings. Use a
card file for cleaning.

When using a screwdriver, do not place your hand where it might be
gouged if the tool slips.

When caring sharp tool, hold them with the points down and pointing
away from you. Walk slowly and carefully and never run!




10.

11.

12.

13.

14.

15.

16.

Addendum to Task 3.02
ELECTRIC DRILL SAFETY
Select the correct drill or bit for your work and mount it securely

to the full depth of the chuck.

Stock to be drilled must be held in a stationary position so it
cannot be moved during operation.

Connect drill to properly grounded outlet.

Turn on the switch for a moment to see 1f the bit is properly
centered and running true.

With switch off, place the point of the bit in the punched layout
hole.

Hold drill firmly in one or both hands at the correct drilling
angle.

Turn on the switch, feed the drill into the work. The pressure
required will vary with the size of the drill and the kind of wood.

During the operation, keep the drill aligned with the direction of
the hole.

When drilling deep holes, especially with a twist drill, withdraw
several times to clear the cuttings.

Follow the same precautions and procedures as when drilling holes
with a hand drill oy the drill press.

Always remove the bit from the drill as soon as you have completed
your work.

Do not use the electric power drill when working on wet ground
unless provisions are made to prevent possible shock hazards.

Take care in the placement of electrical power cords.

Place the electric drill in a place and position where it will not --———-—
be damaged when you have completed drilling.

When finished with the drill, clean it and return it to proper
storage.

Use only recommended accessories. Consult manufacturer's instruc—
tion manual concerning accessories, installation, etc.
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17. Do not stand on tools, place tools where they may be damaged by
othev tools or items, or allow tools to become wet,

18. Check each tool for damaged parts. If a part is damaged, before
further use of the tool, check to ensure that it operates as
intended, check for alignment and check for safety. Broken or
damaged tools should be reported to the instructor immediately.




Addendum to Task 3.02
SABRE SAW SAFETY
Lay the saw down or hold it in a safe, secure position when plug~
ging it in.

Always unplug the saw before making any adjustments on it.

Hold the saw shoe firmly and flat against the work. This will
eliminate jumping or chattering while sawing.

Do not cut too smalil a radius with the sabre saw. The minimum
radius must always be not less than three times the width of the
biade.

Avoid allowing the electric cord to come in front of the saw where
you might saw through the cord.

Clean up when you have completed sawing.

Always check with the instructor when making any adjustments on the
sabre saw.

Do not hold the stock being cut with the fingers underneath since
this might lead to cut fingers.

Never talk to the operator of a sabre saw.
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10.

11.

12.
13.
14.

15.

16.
17.

18.

Addendum to Task 3.02

DRILL PRESS SAFETY

Wear eyeshields while operating the drill press.
Clamp shall work in the vise or yasten it to the table.

Remove chips and shavings with a brush not with the hands. Stop
the drill press before cleaning the table.

Keep fingers away from wmoving parts.
Keep hair, gloves, and loose clothing away from all moving parts.

Be sure that keys, drifts, and wrenches are zll removed before
starting the drill press.

HMake certain bits are firmly clamped to prevent the chuck from
becoming disengaged.

Holes to be drilled wmust be clearly marked.
Use a "V-block™ for round or irregular shaped gtock.

The only adjustment that can be made on the drill press while it is
running is the speed adjustment.

Remove any ties, rings, and wrist watches before using the drill
press.

Keep the floor around the machine clear of scraps and material.
Be sure there is nec oil on the floor around the drill press.
Be sure the power ir off before you leave the machine.

Set up the work so yc: will not damage the vise or table by drill-
ing into them.

Use only sharp bits or the proper accessories with the drill press.

Clean the table and the floor around the machine when you are
through using it.

Never talk to the operator of a drill press in use.
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Addendum to Task 3.02

. SAFETY IN ELECTRICAL SOLDERING

1. 1Use correct type of solder foF job.

2. Protect eyes for possible spattering solder.
3. Avold getting flux in eyes.

4. Tin soldering gun/iron for proper action.

%

5. Check tightness of lug nuts on soldering gun tip if gun does not
heat properly...first unplugging gun form outlet.

6. Do not check heat of soldering gun/iron with wet fingers.
7. Do not touch joints that have just been soldered.

8. Avold breathing fumes from soldering job.

9. Wear protective goggles when cleaning solder job.

10. Wash hands thoroughly after using soft solder.
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MODULE 4,0

ELECTRICAL MEASURING INSTRUMENTS
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ELECTRICITY
MODULE/TASK
MODULE 4.0
4.01
4.02
4.03
* = See 4,03

ELECTRICITY
ELECTRICAL MEASURING INSTRUMENTS
SUGGESTED INSTRUCTION TIMES

ELECTRICAL MEASURING INSTRUMENTS
Electrical Measuring Instruments
Use tha Clamp-on Ammeter

Use the VOM (Multimeter)

1445 168

SUGGESTER
HOURS

30




MODULE/TASK

MODULE 4.0

4.01

4.02

4,03

TASK LISTINGS
ELECTRICITY

DESCRIPTION

ELECTRICAL MEASURING INSTRUMENTS

(Electrical Measuring Instruments) Given standard
electrical measuring instruments such as the multi-
meter, clamp-on ampmeter, or other instruments,
demonstrate ability to identify and state how meter
measuring instrument is used, demonstrate proper use
and care of meter/measuring instrument.

(Use the Clamp-on Ammeter) Given AC circuits to
measure, a clamp-on ammeter or clamp-on ammeter
attachment for a VOM, scale expander/multiplier at
instructor's discretion, instruction on operating
the clamp~on ammeter; measure given AC circuits to
the standards of the instructor.

(Use the VOM (Multimeter)) Given a typical VOM
(Multimeter), with AC, S+DC, and Chms Scales and
test leads, and instructions concerning its opera-
tion and various circuits requiring measuring; use
the VOM to measure AC, DC, and Ohms, and Continuity.
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MODULE 4.0 LLECTRICAL MEASURING INSTRUMENTS

. TASK 4.01 ELECTRICAL MEASURING INSTRUMENTS

PERFORMANCE OBJECTIVE:

Given standard electrical measuring instruments such as the
volt-chm~multi-meter, clamp-on ampmeter, or other instruments, demon-
strate ability to identify and state how meter measuring instrument is
used, demonstrate proper use and care of meter/measuring instrument.

Suggested Measuring Instruments:
Amprobe or Ampmeter
Multimeter or VOM

PERFORMANCE ACTIONS:

4,0101 A. Amprobe, Clamp-on Ampmeter, or Current

Transducer:

1. Identify scales, levers, and switches on
an Amprobe, clamp-on ampmeter

. 2. Demonstrate ability to take amperage

reading with clamp-on ampmeter. Sug-
gestion: Student read clamp-on ampmeter
on a number of pieces of electrical
equipment such as trainers, refrigerators,
air conditioners, etc. {(Contract Air
Conditioning Department for joint training
or training aids).

3., Check an electrical motor with an clamp-on
gmpmeter

4,0102 B. Multi-meter {Volt=-Ohm Meter)

1., Identify scales, switches, and meter leads
of :
a, Voltmeter
b. Ohmmeter

2. Take reading with voltmeter.
Suggestion: Readings should be taken at
various electrical power connections:
Outlets, starters, terminal connectors,
etc.

3. Take readings with ohmmeter.
a. Use ohmmeter to check an electrical

motor
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MODULE 4.0 ELECTRICAL MFASURING INSTRUMENTS

TASK 4.0l ELECTRICAL MEASURING INSTRUMENTS
{Con't.}

PERFORMANCE STANDARDS:

- Identify scales, levers, and switches and use of electrical
measurinrg instruments, specifically the clamp-on ampmeter and
volt~ohm meter, with 100 percent accuracy in all functions
instructed.

= Accurately demonstrate proper use and care of measuring
instruments. Make reading with 100 percent accuracy.

SUGGESTED INSTRUCTION TIME: See 4.03

RELATED TECHNICAL INFORMATTION:

= Lezrning to use the Volt-Ohm Metar typically may involve
several types of learning. For example,

TASK,/ACTION TYPE OF LEARNING#*

. Define VOM Concept

Use VOM to check resistance Rule~learning

Use VOM to check continuity Rule~learning

Identify electrical components Concept

Test switches with VoM Discrimination

Test motor windings Discrimination

Diagnose electrical problem

based on VOM readings Problem Solving
Troubleshoot wotor with VOM Discrimination

*See Workshop Guide II, Part IV, page 12~14.
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YODULE 4.0 ELECTRICAL MEASURING INSTRUMENTS

TASK 4.02 USE THE CLAMP-ON AMMETER

PERFORMANCE OBJECTIVE:

Given AC circuits to measure, a clamp—~on ammeter or clamp-on ammeter
attachment for a VOM, scale expander/multiplier at instructor's discre-
tion, instruction on operating the clamp on ammeter; measure given AC
circuits to the standards of the instructor.

PERFORMANCE ACTIONS:

3.0301 Agsgsemble ammeter instruments and accesqories needed.
3.0302 identify scales, levers, and switches on a clamp-on
ammeter.’

{NOTE: For purposes of description, the Amprobe
instrument will be used ag a standard.)

3.0303 Releagse pointer lock. Zero meter, if appropriate.

. 3.0304 Select proper scale (usually starting at.highest
range).
3.0305 Open jaws, encircle one conductor, clcse jaws.

3.0306 Read amperage. Select appropriate scale for
accurate reading.

3.0307 If sgcale cannot be read due to obstruction, lock
needle, remove instrument f£rom conductor and take
reading. Release lock after reading.

3.0308 On completing measurement, lock pointer, store
ingtrument in case, and retuyn to proper storage.

PERFORMANCE STANDARDS:
- Properly set up, use, and care for clamp-on ammeter making AC

amperage measurements to the standards of the instructor.

SUGGESTED INSTRUCTION TIME: See 4.03
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MODULE 4.0 ELECTRICAYL MEASUKING INSTRUMENTS

. TASK 4.02

USE THE CLAMP-ON AMMETER
{Con't.)

RELATED TECHNICAL INFORMATION:

- QOperation of ammeter.

- VUse of multi-funrtion clamp-on instrument: Voltage, resis-
tance, and current measurements,

- VUse of multiplier attachments {(lx, 5x, and 10x readings).

- VUse of field expedient multiplier loop (10 turns = 10x}.

- Zero calibration of meter.

- Zero setting ohms scale.

- Safety. .
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MODULE 4.0 ELECTRICAL AEASURING INSTRUMENTS

TASK 4.03 USE THE VOM (MULTIMETER)

PERFORMANCE OBJECTIVE:

Given a typical VOM (Multimeter), with AC, DC, and Ohms Scales, test
leads, instructions concerning its operation and various circuits
requiring measuring; use the VOM to measure AC, DC, and Ohms, and
Continuity.

PERFORMANCE ACTIONS:
3.0401 Review school policies and procedures.
3.0402 Identify scales, switches, and leads.

3.0404 Set the VOM on the proper scale for the reading to
be taken.

3.0405 Check to be sure the Function Switch is on the
correct scale/function.

3.0406 Measure (read):

‘I. ‘ a. AC

b. DC
c. Resistance ohms
d. Continuity

PERFORMANCE STANDARDS:

- Demonstrate the proper set up. use, and care of an analog
scale VOM to measure AC, DC, resistance, and continuity.

SUGGESTED INSTRUCTION TIME: 4.01 - 4.03 = 30 Hours
RELATED TECHNICAL INFORMATION:

- VOM theory and operation: Voltmeter, ohmmeter, etc.

- Techniques for using Vom (measuring from highest scale, down.
ete.)

- Use of VOM to mcasure voltage, resistance.

-~ Use of VOM to continuity messurement.

- Use of Vom with solid state circuits such as thermostats,
controls. etc., to avoid damage to circuits being measured.

- Safety.

- Comparison to DVM (Digital Volt Meter).

. SKILL EXPANSION:

- Use of DV, if digital meter available.
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ADDENDUM TG TASK 4.01

USE AND CARE OF THE VOM
(Volt-Ohm-Milliameter)

Primary use of the VOM will be to measure volts, amps, and ohms.

VOLTS MEASUREMENTS:
The voltmeter probes should be connected to the circuit (power source)

to be measured as if it were a load such as & light bulb. You might
describe the voltmeter as being connected in as a parallel circuit.

AC AMPS MEASUREMENTS:

AC current/amps typically will be measured by a clamp-on ammeter or
clamp-on/snap-around current transducer (attachment/extender/adaptor*)
used with VOM. The transformer jaws of the AC ammeter or VOM extender*
may be closed around either leg of & circuit and the meter dial will
indicate the amps of current flow through the circuit. Typically, the
ampmeter allows measurement of current in several gcales and, in prac~
tice, the first test generally is made on a higher scale and then moved
to an appropriate lower scale for accuracy.

QHMS MEASUREMENT:

To measure ohms, first be sure all power is off or discharged before

connecting the ohmmeter in the circuit. The ohmmeter is powered by a
battery and current in the circuit being measured will severly damage
the meter components.

If the resistance of the device or circuit being tested is not known,
start on the highest scale on the meter and move to the lower scale for
accuracy if possible.

If the ohmmeter 1is being used to test resistance in 2 solid state
circuit such as a control device or in instrumentation use only the
correct scale for such measurements since the ohmmeter can cause damage
to & solid state circuit.

A primary use of the ohmmeter 1s to test continuity. With the meter
probes connected to either end of a length of wire, the meter should
read the reassistance of the wire in ohms. With the meter probes
shorted, the meter should read "0". With the probes not connected to a
circuit or if the wire being measured is open or cut, the meter should
read infinite ( ) resistance, indicating that there is no continuity or
no circuit. The ohmmeter may be used for checking a circuit, a relay
coil, a switch, an electric motor, or a capacitor.
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MODULE 5.0

ELECTRICAL WIRE CONNECTIONS




ELECTRICITY

MODULE/TASK

MODULE 5.0
5.01
5.0Z
3.03

* = jee 5,02

ELECTRICITY
ELECTRICAL WIRE CONNECTIONS
SUGGESTED INSTRUCTION TIMES

ELECTRICAL WIRE CONNECTIONS

Crimp Wire to Terminal
Using Crimping Tool

Splice Wires Using
Solderless Connectors
{Wire NHuts)

Solder Electrical
Conductors and Connections

123

177

SUGGESTED
HOQURS

30




TASK LISTINGS

' ELECTRICITY
MODULE/TASK DESCRIPT ION
MODULE 5.0 ELECTRICAL WIRE CONNECTIONS
5.01 {Crimp Wire to Terminal Using Crimping Tool) Given

stranpded electrical wize of the size typically
encountered in HVAC residential systems, crimping
tool, terminal connectors, and necessary tools or
materials; sivén insulation from the wire to an
appropriate length and crimp the required terminal
on the bare wire.

5.02 {Splice Wires Using Solderless Connecters /Wire
Nuts/) Given electrical wire of the type typically
encountered in residential HVAC systems, wire auts,
wire stripper, knife, or crimper wich stripping
capability; strip insulation frowm two or more wires
and splice them so that a proper mechanical and and
electrical connection is made. Imstall wire nut on
spiice.

e 5.03 {Solder Electrical Conductors and Connections)
Given tools, equipment, and materials including a
soldering gun/iron and electrical solder and wiring
or electrical connections to solder; solder the
electrica: wires or terminals so that a wight
nechanical and electrical bond is formed.
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MODULE 3.0 ELECTRICAL WIRE CONNECTIONS

TASK 5.01 CRIMP WIRE TO TERMINAIL USING
CRIMPING TOOL

PERFORMANCE OBJECTIVE:

Given stranded electrical wire of the size typically encountered in HVAC
residential systems, crimping tool, terminal counectors, and necessary
tools or materials; strip insulation ferm the wiie to an appropriate
length and crimp the required terminal on the bare wire.

PERFORMANCE ACTIONS:

5.0161 Remove insulation from about 1/4 inch (or length
recoruended by instructor) of wire:

a. Crimp Tool Method:
(1} 1Insert wire ir*o proper skinning hole.
(2) Squeeze handles of crimping tool closeéd.
(3) Rotate crimping toci around wire to insure
clean cut.
(4) Hold wire firmly while pulling crimping
tool away from wire to rerove insulation.
b. Using kni’a:
(1) Carefully cut insnlation at slight angle
to just touch wire (avoid nicking wire).
(2) cCarefully pull insulation from wire so
wire is not cut or nicked with knife.

5.0102 Ingert bare wire into end of terminal of proper type
and size (Wire may be twisted first).

5.0103 Place jaws of crimping tool around end of terminal
of proper type and size {Wire may be twisted first).

5.0104 Close crimping tool around terminal end.
3.0105 Squesze torminal snts wire,
5.0106 Check connection by pulling terminal: If terminal
begins to slide on wire, c¢rimp again.
PERFORMANCE STANDARDS:

- Crimp terminal coannector onto wire so that a secure mechanical
znd electrical connection is made.
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MODULE 5.0 ELECTRICAL WIRE COMNNECTIONS

. TASK 5.01

CRIMP WIRE TO TERMINAL USING
CRIMPING TOOL

SUGGESTED INSTRUCTION TIME: See 5.03

RELATED TECHNICAL INFORMATION:

- How to strip insulation from wire.

- Different types of terminal connectors.

~ Crimping tool.

- Safety considerations,

- Potentlal for damaging wire by nicks or cuts.
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MODULE 5.0 ELECTRICAL WIRE CONNECTIONS

TASK 5.02 SPLICE WIRES USING SOLDERLESS
CONNECTORS (WIRE NUTS)

PERFORMANCE OBJECTIVE:

Given electrical wire of the type typically encountered in residential
HVAC systems, wire nuts, wire stripper, knife, or crimper with stripping
capabilicy; strip insulation from two or more wires and splice them so
that a proper mechanical and :lectrical connection is made. Install
wire nut on splice.

PERFORMANCE ACTIONS:

5.0201 Remove proper length of insulation from wires to be
spliced (considering wire size and wire mnt).

5.0202 twist standard wire together (each wire) as in-
structed.

5.0203 Make proper type of wire splice for job:

~ Pigtail

- Tap or end splice
1

5.0204 Check to see if splice connection is mechanical and
electrical secure.

5.0205 Install proper size wire nut tightly on splice so
that no exposed wire extends outside of wire nut.
(ALTERNATE: Install iu :-"a~2d crimp connector on

wire splice.)

PERFORMANCE STANDARDS:
-~ Splice wires using solderless connector so that the connection
is mechanically and electrically secuze.

SUCGESTED INSTRUCTION TIME: See 5,03

RELATED TECHNICAL INFORMATION:

= Remcving insulation from wire.

-~ HMaking secure splice of tyo or more wires.

- Different types of solderless connectors approved by loc¢al
codes.
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MODULE 5.0 ELECTRICAL WIRE COWNECTIONS
. TASK 5.03 SOLDER ELECTRICAL CONDUCTORS AND
CONNECTIONS

PERFORMANCE OBJECTIVE:

Given tools, equipment, and materials including a soldering gun/iron and
electrical wiring or electrical connections to solder; solder the
electrical wires or terminals so that a tight mechanical and electrical
bond is formed.

PERFORMANCE ACTIONS:
5.0301 Assemble tools, equipment, and materizls.
5.0302 Identify wires, terminals, etc., to be soldered.

5.0303 Remove about 1/4 inch (or appropriate langth)
insulation from wires and clean wires being careful
not to cut them.

5.0304 Twist wires together to form a united conductor
. (¥ire may be thinned to promote soldering to connec-
tors, etc.).

5.0305 a. Splice two wireg together.
b. Connect wire “0o terminal.
c. Connect component to terminal.

5.0306 Soider mechanical/electrical connection allowing
solder to flow on heated joint.

5.0367 Allow golder to cool.

5.0308 Check onnection.

5.0309 Clean and tape joint tightly with two or more layers
of recognized electrical tape to ensure that no
electrical hazard is exposed. (Use heat shrink
tubing or tape, if required/recommended.)

PERFORMANCE STANDARDS:
- Solder given electrical conductors and connections using
proper sol'er and soldering methods/techniques so that the

soldered connections are mechanically electrically bonded
together.
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HODULE 5.0 ELECTRICAL WIRE CONNECTIONS

TASK 5.03 SOLDER ELECTRICAL CONDUCTORS AND
CONNECTIONS (Con't.)

SUGGESTED INSTRUCTION TIME: 5.01 - 5.03 = 30 Hours

RELATED TECHNICAL INFORMATION:

- Preparing wire for splicing, connecting to terminals, ete.
~ Tinning wires, terminals.

- Use of soldering iron/gun, including tinning.

~ Selection of electrical solder (50/50 Rosin-core).

.= Making good mechanical connections.

- Safety.




MODULE 6.0

BENCHWORK IN ELECTRICAL WORK

"For the purpose of this description, benchwork represents work placed
on 2 bench or in a bench vise ror operations wnsually invelving hand
tool.

Benchwork may be interpreted as including floor work using the same
tools. The drill press and bench or pedestal grinder have been included
since benchwork operations required of the electrician might involve
those machines which are found in most training situations.”

Benchwork operations typically are represented by the use of measuring
instruments to layout work that is assembled/disassembled, sawed,
drilled, filed, etec., @8 required.




ELECTRICITY

MODULE/TASK

Module 6.0

6.01

6.02
6.03

6.04

6.05
.6.06
6.07

6.08

6.09

€.11
6.12

6. 13

6.14

ELECTRICITY
BENCHWORK

SUGGESTED INSTRUCTION TIMES

BENCHWORK

Inspect Workbench Area for Safe
Working Environment

Care for Hand Tools

Identify and Properly use
a Beach Vise

Using Hand Hacksaw, Cut Given
Material in Required Time

Identify Types of Fasteners
Ascemble and Fit Parts

Properly use Hand Tools for
Assembly/Disassembly

Bench File Workpiece

Drill Hel~3 yith Portable
Drill

Inspect, Clean, and Lubricate
Drill Press

Set "p a Drill Press
D+ill Holes to Size

Inspect and Clean a Pedestal
Grinder

Set~up Pedestal Grinder for Job

* = 30 Total Hour.

SUGGESTED
HOURS




MODULE/TASK

Module

6.0

6.01

6.02

6.03

6.04

6.05

6.06

6.07

6.08

TASK LISTINGS
ELECTRICITY

DESCRIPTION
BENCHWORK

{Inspect Workbench Area for Safe Working Environ-
ment) Using "performance actions" as a checklist,
inspect the bench work area for safe working en-
vironment. All unsafe conditions must be reported
immediately. All items must be marked safe or
corrected to a safe condition.

{Care for Hand Tools) Given a tool box or set of
typical hand tools used in electrical work, manu-
facturer's standards concerning proper use and care
of hand tools; care for hand tools to manufacturer's
or instructor's specifications.

(Identify and Properly use a Bench Vise) Given a
standard bench vise demonstrate how to fasten the
vise to the bench and use it properly.

{(Using Hand Hacksaw, Cut Given Material in Required
Time) Furnished with workplece and blue-
print/drawing/ specifications, hacksaw; hacksaw the
workplece in 2 given time to within 1/16 inch
outside of marked* line. (*scribed, etc.)

(Identify Types of Fasteners) Given a random
selection of typical fasteners the electriclan may
encounter, “dentify each fastener and its typlecal
application.

(Assemble and Fit Parts) Given necessary tools and
materials, necessary instructilon, and parts to
assemble and fit; assemble and f£it the parts as
required to accouplish the assigned task.

(Properly use Hand Tools for Assembly/Disassembly)
Given electrician's hand too.s or tool box, a job
requiring use of uund tools, properly select and use
basic hand tools including hammers, screwdrivers,
wrenches, and pliers.

(Bench File Workplece)} Given a workpiece, blueprint
or drawing/specifications, and necessary equipment;
hand fi1le the workpilece within a colerance of +/~
1/16 inch on fractional dimensions or within blue-
print specifications (+/~ 1 degree on angular
dimensions).
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6.09

6.10

6.11

&.12

6.13

6.14

(Drill Holes with Portable Drill) Given a
workpiece, drawing/specifications, or job require-
ment, portable drill, and the necessary tools and
materials; drill the workpilece as required.

(Inspect, Clean, and Lubricate Drill Press} Given a
drill press., operator's manual or instructions,
cleaning materials, lubricants, and the necessary
hand tools and materials; inspect, clean, and
lubricate the drill press according to manu-
facturer's recommendations or instructor's standards.
The drill press and surrounding area must be free of
metal chips, excess lubricant, and foreign material.

(Set Up a Drill Press) Given a drill press

requiring set up for a drilling operation, an
assortment of accessories and attachments, vise, ‘
V-block yoke and clamps, an assortment of drill bits
and collets, and the necessary tools, equipment and
materials; set up the drill press for a drilling
operation. All components must be mechanically
secure with the drill bit fastened securely in the
collet and the table set up for operation.

(Drill Holes to Size)} Given a drill press,
workpiece, detaii drawing, drilling specifications,
an assortment of drill bits and tools, measuring
instruments, and necessary materials; drill holes in
specification with a tolerance of +/- 1/32 inches.

(Inspect and Clean a Pedestal Grinder)} Given an
operator's manual or equivalent, cleaning materials,
and the necegssary hand tools; inspect and clean a
pedestal grinder according to the manufacturer's
recommended procedures, The grinder and surrounding
area must be free of metal chips, excess lubricant,
and foreign material.

(Set=Up Pedestal Grinder for Job) Given a pedestal
grinder requiring set-up for a grinding operation, a
grinding wheel requiring mounting, truing, and

dress ng, an operator's manual or equivalent, and
the necessary tool, equipment, and materials; set-up
the pedestal grinder and mount, true, and dress the
grinding wheel for a grinding job. The grinding
wheel must run true, and the grinding surface must
not be loaded or glazed. The pedestal grinder must
operate accorxding to manufacturer's specifications.
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.01 INSPECT WORKBENCH AREA FOR SAFE
WORKING ENVIRONMENT

PERFORMANCE OBJECTIVE:

Using "p.rformance actions" as a checklist, inspect the bench work area
for saf- working environment. All unsafe conditions must be reported
immediately. All items must be marked safe or corrected to a safe
condition.

(OMIT ITEMS NOT APPLICABLE BY INDICATING "N/A".)

PERFORMANCE ACTIONS:
6.0101 Inspect machine tools in bench area:

a. Guards/safety devices in place.

b. Control location clear, safe.

c. Power transmission or drive mechanism safe.
d. Overload devices in place, proper value.

e, Ventilation, where applicable, provided.

f. Metal scraps cleaned up.

g. Attachments/accessories available.

6.0102 Hand tools:

a. Stored properly.

b. Not damaged.

c. Clean.

d. Safety devices, where applicable, provid-
ed/attached.

6.0103 Personal protection equipment: (Where applicable)

a. Toot wear {(no canvas shoes, etc.)
b. Eye protection, when appropriate.
¢. Head protection, where applicable.
d. First-aid station provided.
e. Fire extinguisher provided.

6.0104 Safety signs and markings displayed in proper
locations and proper color coded markings used for
gsafety.

6.0105 Floors, passageways, alsles, spaces around machines:

de Clean.
b. Free of oil grease, or oth.r liquids.
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MODULE 6.0

TASK 6.01

BENCHWORK IN ELECTRICAL WORK

INSPECT WORKBENCH AREA FOR
SAFE WORKING ENVIRONMENT

PERFORMANCE ACTIONS (Con't.):

c.
d.

6.0106 Disposal cans:

a.
b.

c.

PERFORMANCE STANDARDS:

- Work bench area inspected for safety, using checklist

provided.

SUGGESTED INSTRUCTION TIME: Hours

Materials not blocking work or passage area.
Non-skid mats or safety mats used where appro~
priate.

Located in designated, convenient area.
Marked.

Covered, if applicable (for greasy, oily rags,
ete. ).
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MODULE

TASK

6.0 BENCHWORK IN ELECTRICAL WORK

6.02 CARE FOR HAND TOOLS

PERFORMANCE OBJECTIVE:

Given a tool box or cet of typical'hand tools used in electrical work,
manufacturer's standards concerning proper use and care of hand tools;
care for hand tools t0 manufacturer's or instructor's specifications.

PERFORMANCE ACTICONS:

6.0201 Inspect hand tools and determine damage, if any:

a. Cutting tools must be sharp with no broken
teeth.

b. Clamping tools must have clean jaws and screws.

c. Soft jaws must be available for vises.

d. Screwdrivers must have correctly shaped blades.

e. Punches and chisels must not have mushroomed
heads.

6.0202 Obtain any needed parts:

a. Dismantle and rcplace damaged parts.
b. Make required adjustments.

6.0203 Sharpen dull tools:
a. Chack for mushroomed heads.

b. Check angle of cutting edge.
c. Regrind shape as required.

PERFORMANCE STANDARDS:

{NOTE:

For given hand tools, demonstrate proper use and care of hand
tools such as pliers, screwdrivers, wrenches, striking and
struck tools to the manufacturer's or instructor's standards.

Most electrical hand tools are covered in the following
publication which may be referred to for standards:

Proper Use and Care of Hand Tools, Pliers, Screwdrivers,
Wrenches, Striking & Struck Tools, Chicago, IL: Kiein Tools,
Inc., 1977. (Available free in quantities to vocational
programs.)

SUGGESTED INSTRUCTION TIME: Hours

RELATED TECHNICAL INFORMATION:

Manufacturer's standards concerning care for hand tools.
Instructor's standards for care of shop tools.
Safety.
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MODULE 6.0 BENCHWORK IN ELECTRICAL

TASK 6.03 IDENTIFY AND PROPERLY USE
A BENCH VISE

PERFORMANCE OBJECTIVE:

Given a standard bench vise demonstrate how to fasten the vise to the
bench and use it properly.

PERFORMANCE ACTIONS:
6.0301 Explain the purpose of the bench vise.

6.0302 Demonstrate proper techniques of using the bench
vise.

PERFORMANCE STANDARDS:
-~ Properly identify and demonstrate how to use a standard bench
vise to the instructor's standards.

SUGGESTED INSTRUCTION TIME: Hours

RELATED TECHNICAL INFORMATION:

~ Safety.
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.04 USING HAND HACKSAW, CUT GIVEN
MATERIAL IN REQUIRED TIME

L

PERFORMANCE OBJECTIVE:
Furnished with workpiece and blueprint/drawing/specifications, hacksaw;

hacksaw the workpiece in a given time to within 1/16 inch ocutside of
marked* line. ({*scribed, etc.)

PERFORMANCE ACTIONS:
6.0401 Review job blueprint/drawing/specificgtions.
$.0402 Select hacksaw and blade.
6.0403 Properly mount blade in hacksaw frame.

6.0404 Mount workpiece (conduit, angle iron, etc.) in
holding device such as vise.

6.0405 Using correct technique*, gaw workpilece to specifi-

. cations:

a. Mark workpiece for cut.

b. Notch workpiece with file for start of cut.

c. Protect workpiece from jaws of holding device.
d. Saw 1/16 inch outside of scribed line.

*Cutting techniques: For heavy metal stock; hold
handle with one hand, firmly grip front of saw frame
with other hand. For thinner metals, the cut is
usually made with one hand cut on forward stroke,
lift blade slightly on return stroke.

6.0406 Deburr when finished.
PERFORMANCE STANDARDS:
- Using hand hacksaw, cut given material in the required time,

within 1/16 inch outside of scribed line, meeting the instruc-
tor's standards for use and care of hacksaw.

SUGGESTED INSTRUCTION TIME: 3~6 Hours
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.04 USING HAND HACKSAW, CUT GIVEN
MATERTIAL IN REQUIRED TIME (Con't.)

RELATED TECHNICAL INFCRMATION:

- Identify hand hacksaw parts, design.

- Identify types of materials which may be cut by hand hacksaw.

- TIdentify types of blades which may be used with hacksaw (14,
18, 24, 32 teeth) and typical uses.

- JTdentify when and how to wount more than one blade on hacksaw.

- Describe/demonstrate proper technique in using hacksaw.

-~ Safety with hacksaw.

16 193




MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.05 IDENTIFY TYPES OF FASTENERS

PERFORMANCE OBJECTIVE:
Given a random selection c¢f typical fasteners the electrician may

encnunter, identify each fastemer and its typical application.

PERFORMANCE ACTIONS:

6.0501 Identify fasteners:

a. Bolts
b. Screws
C. Huts
d. Studs

e. Washers

£. Internal threaded inserts

g. Rivets

h. Pins: Cotter, Dowel, Taper, Split dowel
i. Retaining fasteners: Rings

j. Keys: Square, Woodruff, Rocket, Taper

. 6.0502 ' Identify some typical uses of fasteners.
PERFORMANCE STANDARDS:
-~ Identify types of fasteners common to electrical work and
their typical uses to the standards of the instructor.

SUGGESTED INSTRUCTIOW TIME: Hours

t “LATED TECHNICAL INFORMATION:

- Commercial Supply Catalogs
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.06 ASSEMBLE AND FIT PARTS

PERFORMANCE OBJECTIVE:

Given necessary tools and materials, necessary instructions, and parts
to assemble and f£it: assemble and fit the parts as required to accom-
plish the assigned task.

PERFORMANCE ACTIONS:

6.0601 Assemble and fit parts as required.

PERFORMANCE STANDARDS:
— Assemble and fit parts to the instructor's standards.

(NOTE: Orientation training: Competency will be developed through
practice and experience.)

SUGGESTED INSTRUCTION TIME: 6-9 Hours

RELATED TECHWNICAL INFORMATION:

- Tolerances.
- Types of fits:
a. Loose

b. Free

c. Medium
d. Snug

e. Wringing
£. Tight

g. Heavy force and shrink
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.07 PROPERLY USE HAND TOOLS FOR
ASSEMBLY/DISASSEMBLY

PERFORMANCE ORBJECTIVE:

Given electrician’'s hand tools or tool box, a job requiring use of hand
tools; properly select and use basic hand tools including hammers,
screwdrivers, wrenches, and pliers.

PERFORMANCE ACTION:

6.0701 Properly select and demonstrate use and care of ball
peen or electrician's hammer or other striking tools
as required:

a. Identify main parts of typical hammers used by
electricians.
b. Hammer safety.

6.0702 Properly select and demonstrate use and care of
screwdrivers:

a. Identify basic types of screwdrivers.
b. Choosing a screwdriver for a given job.

6.0703 - Properly select 2 wrench for a2 given job:

a. Identify types:
- open end
- box end
- adjustable
- spanner
b. Demonstrate proper method of using wrenches:
- gafety
~ leverage
- checking nut tightness

6.0704 Properly select and use pliers for benchwork:

a. Identify major types of pliers.
b. Demonstrate proper use and care of pliers.

PERFORMANCE STANDARDS:

- Properly use and care for hand tools for assemhly/disassembly.
SUGGESTED INSTRUCTION TIME: Houars
RELATED TECHNICAL INFORMATION:

- Care of hand tools.
- Safety.
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.08 BENCH FILE WORKPIECE

PRRFORMANCE OBJECTIVE:

Given a workpiece, blueprint or drawing/specifications, and necessary
equipment; hand file the workpiece within a tolerance of +/~ 1/16 inch
on fractional dimensions or within blueprint specifications (+/- 1
degree on angular dimensions).

PERFORMANCE ACTIONS:
6.0801 Review sperifications.
6.0802 Select proper file.
6.0803 Check file handle or install handle on file.

6.0804 Clean file, if necessary {(file should have been
cleaned prior to storage in tool room/box).

6.0805 Mount workpiece.
. 6.0806 Test fldatness or angle of work.

6.0807 Check for pinning (condition of file)} and chalk
file.

6.0808 File to final tolerance:

a. Avoid allowing file to rock or see~saw, which
might produce & crowned surface.

b. Use flat filing or drawfiling techniques as
appropriate.

6.0809 Upon completion of job task, clean file and return
it to tool room/box.

PERFORMANCE STANDARDS:

~ Hand file workpiece within a tolerance of +/- 1/16 inch on
fractional dimensions {+/- 1 degree on angular dimensions)} or
within blueprint specifications.

= File should be held in a safe manner, flat so it does not rock
or see-saw, and used In a procedure recommended by the in-
structor.

- Performance process and product must be to instructor's

. standards.
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.08 BENCH FILE WORKPIECE {(Con't.)

SUGGESTED INSTRUCTION TIME: . Hours

RELATED TECHNICAL INFORMATION:

- File patterns, cuts or files: Single, double, rasp, and
curved.

- Straightforward, flat, draw, and round-corner filing.

- Dise of the file card and care of files.

- Safety with files.

- Techniques of hand filing: Instructor's standards.

- Measuring instruments. ’

- Use of bench vise.
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.09 DRILL HOLES WITH PORTABLE DRILL

PERFORMANCE OBJECTIVE:
Given a woerkplece, drawing/specificetions, or job requirement, portable

drill, and the necessary tools and materials; drill the workpiece as
required.

PERFORMANCE ACTIONS:

6.0901 Review specifications.

6.0902 Locate and center punch in workpiece.
6.0903 Mount workpilece in holding device.
6.0904 Select drill:

z, Check size {with drill gage, et<z.)}.
b. Check sharpness.

6.0905 Mount drill bit in portable drill and properly
tighten bit in chuck.

6.0906 Drill hole in workpiece:

a. Observe safety procedures.

b. Hold drill perpendicular to workpiece.

c Run drill at proper speed, if adj-astable.

d. Reduce feed pressure as drill penetrates
workpiece.

€. Deburr hole.

6.0907 Verify drilled hole.

6.,0908 Clean/care for tools and return them to proper
storage.

PEEFORMANCE STANDARDS:

— Drill holes with portable drill as required meeting instruc-
tor's standards for performance process and product.

SUGGESTED INSTRUCTION TIME: Hours
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

. TASK 6.09 DRILL HOLES WITH PORTABLE DRILL
{Con't.)

RELATED TECHNICAL INFORMATION: .

- Safety.

- Selection of drill bits.

- Use of portable drill.

- Alignment of drill/bit with workpiece.

- FElectrical safety {(portable power drill).

<00
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. MODULE 6.0 BENCHWORK IN ELECTRICAL WORK
TASK 6.10 INSPECT, CLEAN, AND LUBRICATE
DRILL PRESS

PERFORMANCE OBJECTIVE:

Given a drill press, operator’s manual or instructions, cleaning mate-
rials, lubricants, and the necessary hand tools and materials; inspact,
clean, and lubricate the drill press according to manufacturer's
recommendations or instructor's standards. The drill press and sur-
rounding area must be free of metal chips, excess lubricant, and foreign
material.

PERFORMANCE ACTIONS:

6.1001 Shut off power.
6.1002 Clean drill press:

a. Brush off all chips.
b. Wash grease and oil of machine surfaces.

. : 6.1003 Lubricate drill press according to service manual or
given instructions:

a. Coat column and.table lightly with oil.
b.  Apply grease to fittings.

c. Apply oil to oil cups.

d. Apply oil to sliding parts.

PERFORMANCE STANDARDS:

-~ 1Inspect, clean, and lubricate a drill press to given stan-
dards.

- The machine and surrounding area must be clean of chips,
lubricant, and foreign material.

-~ The machine must operate properly.

SUGGESTED INSTRUCTION TIME: Hours

RELATED TECHNICAL INFORMATION:
- Describe procedures for inspecting and cleaning a drill press.
- Explain the necessary safety precautions.
~ Identify materials used to clean a drill press.

~ Explain reasons for performing routine inspection and cleaning
of a drill press.
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

. TASK 6.10 INSPECT, CLEAN, AND LUBRICATE
DRILL PRESS (Con't.)

RELATED 'TECHNICAL INFORMATION: (Con't.)

-~ Work holding devices:

- Vise - V-blocks
- C- Clamps - Clamps, Straps
- T-bolts, T-nuts
- Safety.
| - 178
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.]1 SET UP A DRILL PRESS

PERFORMANCE OBJECTIVE:

Given a drill press requiring set up for a drilling operation, an
assortment of accessories and attachments, vise, V~block yoke and
clamps, an assortment of drill bhits and collets, and the necessary
tools, equipment and materials; set up the drill press for a drilling
operation. All components must be mechanically secure with the drill
bit fastened securely in the collet and the table set up for operation.

PERFORMANCE ACTICNS:

6.1101 Clean drill press.

Y

6.1102 Select proper drill or accessories.
6.1103 Adiust: table, head, and depth adjustments.

6.1104 If straight-shank drill is used, mount drill in
drill chuck. (If taper-shank drill is used, insert
it directly in spindle, or in a drill sleeve and
then in spindle.)

6.1105 Turn on power to see if drill is running straight.
6.1106 Mount workpiece in holding device.

6.1107 Follow procedures to drill workpiece (see following
task objectives).

PERFORMANCE STANDARDS:

- Set up a drill press for operatiovn using given accessories and
materials so that the drill press and components are mechani-
cally secure and prepared for the required operation.

SUGGESTED INSTRUCTION TIME: Hours
RELATED TECHNICAL INFORMATION:

- Identify: Variable speed control, head, motor, power feed,
spindle, table, columm, base and quill.

- Explain how to calculate speeds and feeds on a drill press.

- Tdentify attachments and accessories for the drill press.

-~ TIdentify sizes and capacities or various drill presses.

- Identify procedures for setting up a drill press.
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MODULE 6.0 SENCHWORK IN ELECTRICAL WORK

' TASK 6.11 SET UP A DRILL PRESS

RELATED TECHNICAL INFORMATION (Con't.):

- Explain how to mount a drill bit and collet in a drill press.

~ Explain how to mount a vise and align a workpilece.

~ Identify wo~k hold devices available in the electricity shop
or used in electrical work.

~ Describe work holding procedures.

~ Describe drill chucks and tool holding procedures.

~ Identify safety consideratioms,
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MODULE 6.0

TASK 6.12

BENCHWORK IN ELECTRICAL WORK

DRILL HOLES TO SIZE

PERFORMANCE OBJECTIVE:

Given a drill press, workpiece, detail drawing, drilling specificationms,
an assortment of drill bits and tools, measuring instruments, and
necessary materials; 4rill holes in specification with a tolerance of

+/= 1/32 inches.

PERFORMANCE ACTTONS:

6.1201 Assemble materials.

6.1202 Set up drill press.

6.1203 Select holding device and accessories.

6.1204 Secure work-holding device.

6.1205 Determine hole gize.

6.1206 Align workpiece with center drill in chuck.

6.1207 Calculate speed.

6.1208 Set drill press speed.

6.1209 Center drill workpiece.

6.1210 Select and mount drill bic.

6.1211 Reget speed.

6.1212 Drill to specifications:

a.
b.

Ce.

Use required lubricant.
Slow feed as diill penetrates workpiece.
Deburr hole,

6.,1213 Measure drilled hole(s).

PERFORMANCE STANDARDS:

- Drill hole or holes to size in given workplece with a toler-
ance of +/~ 1/32 inch* or to specifications. (*or +/- 1 cm.)
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.12 DRILL HOLES TO SIZE (Con't.)

SUGGESTED INSTRUCTION TIME: . Hours

RELATED TECHNICAL INFORMATION:
- Technique of easing up pressure as drill print breaks through

work,
« Driiling techniques with thin metal.

*Tolerance standards will be determined by available measuring devices:
a. +/~ 1/32 inch may be located between markings on 1/16 inch accuracy

rule.
b. { cm, may be located on a typical metric rule, readily available.
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.13 INSPECT AND CLEAN A PEDESTAL GRINDER

PERFORMANCE OBJECTIVE:
Given an operator's manual or equivalent, cleaning materials, and the
necessary¥ hand tools; inspect and clean a pedestal grinder according to
the manufacturer's recommended procedures. The grinder and surrounding
area must be free of metal chips, excess lubricant, and foreign
material.
PERFORMANCE ACTIONS:

6.1301 Review instructions.

6.1302 Assemble cleaning materials.

6.1303 Inspect and clean the pedestal grinder following
outlined procedures.

6.1304 Inspect the pedestal grinder for cleanliness and
safety.

6.1305 Clean around the pedestal grinder as appropriate.

PEKk:ORMANCE STANDAKDS:
- Inspect and clean & pedestal grinder according to memu-—
facturer's recommended procedures and clean surrounding area

as appropriate.
~« Process performance must be to instructor's standards.

SUGGESTED INSTRUCTION TIME: Hours

RELATED TECHNICAL INFORMATION:

- Safety.
~ Identify proper materials used to clean a pedestal grinder.
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MODULE 6.0 BENCHWORK IN ELECTRICAL WORK

TASK 6.14 SET-UP PEDESTAL GRINDER FOR JOB

PERFORMANCE OBJECTIVE:

Given a pedestal grinder requiring set-up for a grinding operatiomn, a
grinding wheel requiring mounting, truing, and dressing, an operator's
manual or equivalent, and the necessary tools, equipment, and materials;
set-up the pedestal grinder and mount, true, and dress the grinding
wheel for a grinding job. The grinding wheel must run true, and the
grinding surface must not be loaded or glazed. The pedestal grinder
must oparate according to manufacturer's specifications.

PERFORMANCE ACTIONS:

6.1401 Review manufacturer's instruction manual or equiva-
lent.

6.1402 Asgenble required materials, tools, and equipment.
6.1403 Select proper grinding wheel for job.

6.1404 Inspect and ring-test grinding wheel prior to
mounting.

6. 1405 Mount, true, and dress grinding wheel.
6.1406 Set-up pedestal grinder for required operation,

6. 1407 Operate pedestal grinder in a safe and proper
manner.

6.1408 Perform grinding operation to specifications.

PERFORMANCE STANDARDS:

- Set-up pedestal grinder according to instruction given; mount,
true, and dress wheel; and demonstrate proper use of pedestal
grinder.

- The grinding wheel must run true, and the grinding surface
must not be loaded or glazed.

- The pedestal grinder must operate according to manufacturer's
specifications.

- Process performance must be instructor's standards.

SUGGESTFD INSTRUCTION TIME: Hours
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MODULE

TASK

6.0 BENCHWORK FOR ELECTRICAL WORK

6.14 SET~UP PEDESTAL GRINDER {(Con't.)

RELATED TECHNICAL INFORMATION:

Identify:
a. Pedestal e, Tool rest
b. Motor f. Wheel guard
¢. Grinding wheel g. Coolant reservoir

d. Safety shield h. Power switch

ldentify grinding wheel defects.

Selection of proper grinding wheel for job.

Procedures for setting up pedestal grinder demonstrated by

instructor.

Basic uses of pedestal grinder.

Selection of coolant used for wet grinding.

Proper use of tool rest and wheel guard.

Safety with the pedestal grinder.
"Don't stand in front of grinding wheel: Stand to
one side for about a minute as wheel is turned on in
case wheel disintegrates."




MODULE 7.0

RESIDENTIAL WIRING AND FLECTRICAL MAINTENANCE

DESIGN OF THIS MODULE

This module on regidential wiring and electrical maintenance congists of
units based on a possible sequence of tagsks which might occur during the
wiring of a residential structure. After a temporary gervice is estab—
iished for comnstruction, the service ig roughed in, cables pulled, boxes
ingtalled, and, finally, the wiring is trimmed out and checked for
operation.

The suggested sequence in this performance/competency~based description
ghould not restrict the learning situation since the sequence may be
modified easily at the local level. The Jlescription outlines minimum
tagks which may be used to determine the competency of a graduate of the
secondary electricity program in residential wiring.

UNITS OF THIS MODULE:

UNIT TITLE

7.0 A Compute Service Loads

7.0 B Install Service Entrance

7.0 C Installing Switch and Outlet Boxes
7.0 D Rough in Electrical Circuits

7.0 E Rough in Telephone Wire and Accessories
7.0 F Trim Qut (Finich) Electrical Devices

7.0 G Maintain Lighting/Wiring Sysiem {(Residential)
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STANDARDS APPLICABLE TO THIS MODULE

Standards applicable to units in this module may be found in the follow-
ing publication which are believed to represent good practices.

Electrical Wiring, Athens, GA: "American Association for Vocational
Tustructional Materials, 1981.

Maintaining the Lighting and Wiring System, Athens, GA: American
Agssoclation for Vocational Imstructional Materials, 1980.

Mullin, Ray C., Electrical Wiring: Residential, Albany, NY: Delmar
Publishers Inc., 1981.

Mational Electrical Code, 1981, Quincy, MA: National Fire Protection
Assoclation, 1980.
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UNIT 7.0 A

COMPUTE SERVICE LOADS

El{llC 188 212




ELECTRICITY
COMPUTE SERVICE LOADS
SUGGESTED INSTRUCTION TIMES

ELECTRICITY ) SUGGESTED
MODULE/TASK . HOURS

UNIT 7.0 A COMPUTE SERVICE LQADS

7.01 Calculate Individual Clrcuit Load *
7.02 Balance Total Load Per Leg *
7.03 Compute Size of Service

Entrance Conductors 30

* = See 7.03




TASK LISTINGS
ELECTRICITY

MODULE/TASK DESCRIFTION
UNIT 7.0 A COMPYTE SERVICE LOADS

7.01 {Calculate Individual Circuit Load) Given a floor plan
showing the basic wiring of a residential structure, a
copy of the National Electrical Code, a copy of Lhe
requirements from the authority having jurisdiction {(City
Codes), unit data plate showing ratings of electrical
appliance/equipment or given information concerning
ratings; calculate individual circuit load.

7.02 {Balance Total Load Per Leg) @Given instruction, a
residential house f£loor plan showing the basic wiring
system, & copy of the National Electrical Code, a copy of
the requirements from the local codes authority; balance
the total load per leg. Each phase must supply approxi-~
mately half of the total load requirement for the 120
volt circuits.

7.03 {Compute Size of Service Entrance Conductors) Given a
floor plan showing the basic wiring system of a residen-
tial structure, a copy of the National Electrical Code, a
copy of the requirements of the authority having juris-
diction, and the unit data plate ratings of electrical
appliances; compute the size of the service entrance
conductors. The total calculated load must include all
circuits to be installed. The calculation of the size of
the service entrance conductors must meet the require-
ments as outlined by the National Electrical Code (Ar.
220, Ch. 9).
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UNIT 7.0 A COMPUTE SERVICE LOADS

TASK 7.01 CALCULATE INDIVIDUAL CIRCUIT LOAD

PERFORMANCE OBJECTIVE:

Given a floor plan showing the basic wiring of a residential structure,
a copy of the National Electrical Code, a copy of the requirements from
the authority having jurisdiction {(City Codes), unit data plate showing
ratings of electrical appliance/equipment or given information concern-
ing ratings; calculate individual circuit load.

The circuit load must not total more than the allowed overcurrent device
rating {circuit breaker) or the current carrying capacity of the conduc-
tors. The calculations of the individual circuit load must meet the
requirements as outlined by the National Electrical Code {Chapter 9,
Example 1) and the local code authority.

PERFORMANCE ACTIONS:

7.0101 List all possible equipment that is used at one time
on an individual circuit.

7.0102 Determine the wattage of 211 appliances being used
on the circuit. {Alternate: Determine amperage
drawn by each appliance on circuit.)

7.0103 Total wattage. (Alternate: Total amperage.)

7.0104 Divide total wattage by applied voltage to calculate
total amperage. {Omit this step if calculations
were made directly in amps.)

7.0105 For light and convenience outlets...allow 1.5 amps
per outlet or load figure given by instructor.*

PERFORMANCE STANDARDS:
~ Calculate individual circuit load based on possible appliances

or equipment on circuit.
- QCalculations must meet instructor's standards.

SUGGESTED INSTRUCTION TIME:  See 7.03
RELATED TECHNICAL INFORMATION:

- Formula for calculating amperage or wattage from given voltage
and either amperage or wattage.
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UNIT

TASK

7.0 A

7.01

COMPUTE SERVICE LOADS

CALCULATE INDIVIDUAL CIRCUIT LOAD

RELATED TECHNICAL INFORMATION (Con't.):

- Decimals.

~ Caleculating load on a circuit.

*If no ratings are given, student may use the following for 120 volt

line.

Lighting: 60 watts
100 watts
200 watts
150 watts

Appliance: 500 watts
1000 watts
1500 watts

1700 watts
Motors: 1/2 Hp

3/& Hp
1 Hp

.5 amps (approximates)
.8 anmps

1.7 amps

2.7 anmps

4,2 amps

8.3 amps

12.5 amps (such as portable
electrical space heaters)

14,2 amps

1058 watts
1610 watts
1955 watts
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UNT™ 7.0 A COMPUTE SERVICE LOADS

TASK 7.02 BALANCE TOTAL LOAD PER LEG

PERFORMANCE OBJECTIVE:

Given instruction, a residential house floor plan showing the basic
wiring system, a copy of the National Electrical Code, a copy of the
requirements from the local codes authority; balance the total load per
leg. Each phase must supply approximately half of the total load
requirements for the 120 volt circuits.

(NOTE: For the purpose of this training task, OMIT ALL 240 VOLT
CIRCUITS FROM CALCULATIONS, INCLUDING RANGE, HEATER, AIR
CONDITIONING, ETIC.)

PERFORMANCE ACTIONS:
7.0201 List all 120 volt circuits.

7.0202 Determine wattage of all appliances being used or to
be installed. (Use manufacturer’s data plate or
other information available.)

7.0203 Calculate wattage total per circuit. (Calculations
could be in terms of amps.)

7.0204 Divide total wattage per circuit by voltage to
determine amps per circuit.

7.0205 Load each phase with an equal number of 120 volt
circuits based on amperage. (Alternate: Determine
the actual lead on each phase based on the circuits
and appliances.)

7.0206 Total each leg. -

7.0207 Compare totals to determine degree of balance.

7.0208 As necessary, redistribute 120 volt loads on phases
until approximate balance is reached.

PERFORMANCE STANDARDS:

~ Calculate and balance total load per leg for 120 volt circuits
so that each leg supplies approximately half of the total load
requirements for the 120 volt circuits.

- Computations must be accurate and tc the instructor's stan-
dards.




UNIT 7.0 A COMPUTE SERVICE LOADS

. TASK 7.02 BALANCE TOTAL LOAD PER PHASE
{Con't)

SUGGESTED INSTRUCTION TIME: See 7.03

RELATED TECHNICAL INFORMATION:

- Single phase residential service.

- Formulas for determining amperage or wattage given the voltage
and either amperage or wattage.

- Procedure for balancing load.
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UNIT 7.0 A COMPUTE SERVICE LOADS

TASK 7.03 COMPUTE SIZE OF SERVICE ENTRANCE
CONDUCTORS

PERFORMANCE OBJFCTIVE:

Given a floor plan showing the basic wiring system of a residential
structure, a copy of the National Electrical Code, a copy of the re-
quirements of the authority having jurisdiction, and the unit data plate
ratings of electrical appliances; compute the size of the service
entrance conductors. The total calculated load must include all cir-
cuits to be installed. The calculation of the size of the service
entrance conductors must meet the requirements as outlined by the
National Electrical Code {(Ar. 220, Ch. 9).

PERFORMANCE ACTIONS:
7.0301 Calculate the general lighting load.

7.0302 Calculate the number of branch circuits required apd
their loads.

7.0303 Calculate the small appliance load.

7.0304  Calculate the washer/dryer load.

7.0305 Calculate the total load of the 120 volt circuits.

7.0306 Calculate the circuit loads of the 240 (220) volt
appliances such as the range, heater, air condi-
tioner, water heater, etc.

7.0307 Total the 120 and 240 volt loads.

7.0308 Calculate the amperes required at the servics
according the the National Electrical Code {Ch.9).

PERFORMANCE STANDARDS:

- Compute size of service entrance conductors according to the
total electrical load and using the requirements of the
National Electrical Code.

SUGGESTED INSTRUCTION TIME: 7.0l - 7,03 = 30 Hours
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UNIT 7.0 A COMPUTE SERVICE LOADS

TASK 7.03 COMFUTT SIZE OR SERVICE ENTRANCE
CONDTCTORG (Con't)

RELATED TECHNICAL INFORMATION:

- National Electrical Code.
~ Formula for computing the amperage or wattage from given
voltage and amperage or wattage.
~ Determining the rating of appliances.
NOTE: Greenville, SC City Codes require:

a. Separate service to motor driven appliances.
b. 2 each 20 amp service in kitchen.
¢. 1 each 20 amp service for washer.
d. .-#6~3 on range.




UNIT 7,0 B

. INSTALL SERVICE ENTRANCE
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TOOL KIT AND POUCH STANDARDS

References to the tool kit are based on the following tools:

Reference

Allen wrench set :

Awl

Bolt cutter

Chisel, wood

Crimper, terminal or all-purpose-tool, 6-in-1 tool

brill, 1/2 inch

Prill, 3/4 inch

File, rattail

Hack saw

Hammer, ball peen

Hole saw set

Knife, electricians

Level - torpedo 8 inch

Multimeter: VOM or Amp prove (Volt-ohms-amp)

Nut driver

Pliers, slip joint 10 inch

Pliers, diagonal

Pliers, lineman

Pliers, needle-nose

Puller, fuse

Rule, folding

Screwdriver, flat 4 inch, 6 inch, 8 inch, and 12 inch

(plastic handles)}

Suggested option: Electrician's insulated screwdriver
and Speed screwdriver

Screwdriver, Phillips 4 inch and 6 inch

Tap tool

Wire strippers

Wrench, adjustable & inch

Electrical tape

Tool pouch belt

Hard hat

to the tool pouch are based on the following tools:

Screwdrivers for job

Lineman's pliers

Long nose pliers

Cutter pliers

Nut drivei for job

Adjustable or Crescent wrench

Groove, joint, utility, pump, pliers, etc.
Adjustable wire strippers

All-purpose tool/crimper

Electrician's knife

Electrician's hammer and ball peen hammer
Folding rule

Tap tool

Electrical tape
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ELECTRICITY
MODULE/TASK

UNIT 7.0 B

7.05
7.06

7.07

. * = See 7.05

ELECTRICITY
INSTALL SERVICE ENTRANCE
SUGGESTED INSTRUCTION TIMES

' SUGGESTED
HOURS

INSTALL SERVICE ENTRANCE

Install Main Service Panel *
Ground Service Entrance Equipment *
Install Circuit Breakers in Panel *
Install Main Service Disconnect *
Install Service Entrance 27
—Install Temporaty Service Emtrance 2

Install Underground Service
Entrance 1

Total = 30
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MODULE/TASK
UNIT 7.0 B

7.01

7.02

7.03

7.04

7.05

TASK LISTINGS
ELECTRICITY

DESCRIPTION

INSTALL SERVICE ENTRANCE

{Install Main Service Panel) Given the main gervice
panel, with.main breaker installed in the panel, the
basic electrician's tools, and necessary installa-
tion/electrical materials; install the main service
panel meeting instructor's standards. The installa-
tion must meet the requirements cutlined in the
Mational Electrical Code {Ar. 110, 230, 384).

{Ground Service Entrance Equipment) Given instruc-
tion, basic tool kit and necessary installation/
electrical materials; ground entrance equipment.
Connections must be made at designated points and
must be screwed tight. The grounding service
entrance equipment must meet requirements of National
Electrical Code {Ar. 250: Parts G, H, J, and K).

{Install Circuit Breakers in Panel) Given instruc-
tion, circuit breakers, the basic tool kit, and
installation/electrical materials; install circuit
breakers in panel. Breaker must be proper type for
panel and must be installed so that it fully engages
the busses and so that the load is distributed
equally. The current {(amps) rating of the circuit
breakers must meet the requirements as outlined by
the National Elactrical Code {(Ar. 240 and 384).

{Install Main Service Disconnect) Given main
service disconnect, the basic tool kit, and instal-
lation/electrical materials; install 2 main service
discomnect. The main service disconnect must be
installed so that it simultaneously disconnects all
ungrour.ded service entrance conductors. The main
gservice disconnect must be qualified for use in the
service entrance and gust be of proper current
{amperage) rating. The main service disconnect must
meet requirements of the National Electrical Code
{(Ar. 230-#, 110, 250).

{(Install Service Entrance) Given necessary equip-
ment and the basic tool kit, 2-inch conduit, one
roof flange sized for 2-inch conduit, weatherproof
weather-head, and fittings; install mast-type
service entrance through the roof. Service mast
must be able to support service drop. Roof clear-
ance, size, and type of conduit must meet
requirements of National Electrical Code (Ar. 230-C
and 310).
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7.06 (Install Temporary Service Entrance) Given basic

’ tool kit and installation/electrical materials;
install temporary service entrance. Installation
must provide voltage and ampacity required. Branch
circuits of 15 and 20 ampere ratings must have
ground fault protection. Service must be installed
in weatherproof enclosure if located outside. The
installation of a temporary service entrance must
meet requirements of the National Electrical Code
(Ar. 305, 230, 250, and 210-88).

7.07 (Install Underground Service Entrance) Given basic
electrician's tools and equipment, installation and
electrical materials; ingtall underground service
entrance to meet requirements of National Electrical
Code (Ar. 230-D, 250-9. 300-5) and standards of
ingtructor.




UNIT 7.0 B INSTALL SERVICE ENTRANCE

O TASK 7.01 INSTALL MAIN SERVICE PANEL

PERFORMANCE OBJECTIVE:

Given the main service panel with main breaker installed in the panel,
the basic electrician's tools, and necessary installation/electrical
materials; install the main service panel meeting instructor's stan~
dards. The installation must meet the requirements outlined in the
National Electrical Code {(Ar. 110, 230, 384).

Suggested Seryice Panel: 200 amp or typical for average residential
house.
PERFORMANCE ACTIONS:

7.0101 Locate main service panel as near to point of
service as possible.

7.0102 Locate height of main disconnect from floor level as
required by NEC.

‘ 7.0103 Remove knockout from main service panel {omit if
already accomplished).

7.0104 Mark hole for raceway.

7.0105 Cut hole through storm sheathing 1/2 inch larger
than circle drawn for knockout.

7.0106 Install raceway from point of entrance to main
service panel.

7.0107 Attach service to structure.

PERFORMANCE STANDARDS:

= 1Install main service panel provided by instructor as required
by NEC and meeting instructor's standards.
SUGGESTED INSTRUCTION TIME: See 7.05
RELATED TECHNICAL INFORMATION:

- NEC Ar. 110, 230, 384.
. «~ NEC # 230-48 and 300-7: Sealing Service Entrance
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UNIT 7.0 B INSTALL SERVICE ENTRANCE

. TASK 7.01 INSTALL MAIN SERVICE PANEL

RELATED TECHNICAL INFORMATION (Con't)

- Safety.

- How to cut raceway hole in sheathing.
— Fasteners.

- Measuring.
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UNLIT 7.0 B INSTALL SERVICE ENTRANCE

. TASK 7.02 GROUND SERVICE ENTRANCE EQUIPMENT

PERFORMANCE OBJECTIVE:

Given instruction, basic tool kit and necessary installation/electrical
materials; ground entrance equipment. Connections must be made at
designated points and must be screwed tight. The grounding service
entrance equipment must meet requirements of National Electrical Code
(ar. 250: Parets G, H, J, and K).

PERFORMANCE ACTIONS:
7.0201 Remove meter base cover.
7.0202 Locate all installation points.
7.0203 Apply corrosive inhibitor if required.

7.0204 Terminate grounding conductor at designated or
proper point.

. 7.0205 Drive ground rod or bury grounding electrode.

7.0206 Fasten ground wire to ground electrode with approved
clamp (for direct buriall.

7.0207 Attach wire to surface of structure.
7.0208 If a metal water system 1s installed, extend ground-
ing conductor to water pipe.
PERFORMANCE STANDARDS:
— Ground service entraiice equipment (system) to meet NEC {(Ar.
250-G, H, J, and K} and instructor's standards.

SUGGESTED INSTRUCTION TIME: See 7.05

RELATED TECHNICAL INFORMATLON:

- Ground resistance and sysfoem grounding.
- Local city code requirements concerning bonding of grounds.
~ Identification of supply service or service disconnect.
- Neutral conductor identification.
. = Acceptable grounding conductors and electrodes.
- Typical potential current (2mps) available at service head
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UNIT 7.0 B INSTALL SERVICE ENTRANCE

. TASK 7.03 INSTALL CIRCUIT BREAKERS IN PANEL

PERFORMANCE OBJECTIVE:

Given instruction, circuit breakers, the basic tool kit, and installa-
tion/electrical materials; install circuit breakers in panel. Breakers
must be proper type for panel and must be installed so that it fully
engages the busses and so that the load is distributed equally. The
current (amps) rating of the circuit breaker must not exceed that of the
circult conductors. The installation of the circuit breakers must meet
the requirements as outlined by the National Electrical Code (Ar. 240
and 384).

PERFORMANCE ACTIONS:

7.0301 Check breaker size and type for suitability for use
in panel.

7.0302 Insert breaker in box following proper procedures
and techniques,

. 7.0303 Check continuity by established procedures.

PERFORMANCE STANDARDS:

= Imnstall circuit breakers of proper size and type for panel,
not to eXceed currext rating of circuit conductors, and to
meet requirements of iEC.

SUGGESTED INSTRUCTION TIME: fee 7.05

RELATED TECHNICAL INFORMATION:

= Calculating line load.

~ Determining colductor current rating.

= Identifying different typed of fuses such as: Edison-base,
Type S, SC, etc.

- Identify circuit breakers.

-~ 1Identify proper over-current protection to use. .

- Use og circuit breakers switches (e.g., for fluorescent light
loads).
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UNIT 7.0 B INSTALL SERVICE ENTRANCE

. TASK 7.04 INSTALL MAIN SERVICE DISCONNECT

PERFORMANCE OBJECTIVE:

Given main service disconnect, the bagic tool kit, and installa-
tion/electrical materials; install a main service disconnect. The main
service disconnect must be installed so that it simultaneously discon-
nects all ungrounded service entrance conductors. The main service
disconnect must be of the proper current (amperage) rating. The main
service disconnect must meet requirements of the National Electrical
Code {(Ar. 230-H, 110, 250).

PERFORMANCE ACTIONS:

7.0401 Locate installation point for main service discon-
nect.

7.0402 Attach the main gervice disconnect to building.
7.0403 Attach feed cables to main service disconnect.

. 7.0404 Connect service conductors to line. lugs of discon-
nect.

7.0405 Connect load conductors to load lugs of disconnect.

7.0406 Terminate load conductors at load being served.

PERFORMANCE STANDARDS:

= Install main service disconnect so that it simultaneously
disconnects all ungrounded service entrance conductors and
according to requirements of NEC.

SUGGESTED INSTRUCTION TIME: See 7.05
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UNIT 7.0B INSTALL SERVICE ENTRANCE

TASK 7.05 INSTALL SERVICE ENTRANCE

PERFORMANCE OBJECTIVE:

Given necessary equipment and the basic tocl kit, 2-inch conduit, one
toof flange sized for 2 inch conduit, weatherproof weather-head, and
fittings; install mast~type service entrance through the roof. Service
mast must be able to support service drop. Roof clearances, size. and
type of conduit must meet requirements of National Electrical Code (Ar.
230-C and 310).

Suggested: 2 inch conduit
Use of triplex cable for service drop 18 inches between
drop .at mast insulator and toof.

(NOIE: Some steps may be omitted in skill training preserve training
materials, but should be a part of the student's repertories.)

PERFORMANCE ACTTIONS:

7.0501 Spot meter base. (Simulate power supplier).

7.0502 From meter base, construct a vertical line to roof
overhand.

7.0503 Locate center of hole on soffit board.

7.0504 Bore hole slightly larger than conduit. {May be
simulated to conserve training materials).

7.0505 Install conduit through roof down to meter base.
7.0506 Tighten conduit into hub of meter pase.

7.0507 Fasten conduit to wall with appropriate conduit
straps {(or training materials).

7.0508 Install roof flange around conduit, secure to toof.
(As appropriate for training orientation).

7.0509 Run service entrance conductors down to meter base
and leave enough of free conductor from top of
conduit to meet local reguirements {to azllow drop
loops at triplex connections).

7.0510 Connect service entrance conductors to line lugs of
meter base and tighten securely.
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UNIT 7.0 B INSTALL SERVICE ENTRANCE

TASK 7.05 INSTALL SERVICE ENTRANCE

PERFORMANGCE ACTIONS {(Con't):

7.0511 Run conductors from load lugs of meter base to
disconnect in main service panel.

7.0512 Install weather-head correctly.

7.0513 Where conduit enters soffit board, seal with water-
proof sealant. ({(Orientation training only)

7.0514 Test service entrance conductors for shorts or

grounds.

PERFORMANCE STANDARDS:

- Install mast-type {through roof) service entrance for residen-
tial structure meeting NEC requirements, able to support
service drop, and to instructor's standards.

. (NOTE: This training task may be for orientation.)
SUGGESTED INSTRUCTION TIME: 7.01 - 7.05 = 27 Hours

RELATED TECHNICAL INFORMATION:

- Typical service drop clesrance requirements.
- Locating service darop.

- Installation of main service panel.

= Service drop insulator rack {for other than triplex situ-
ations).

- Service entrance cables.
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UNIT 7.0 B INSTALL SERVICE ENTRANCE

TASK 7.06 INSTALL TEMPORARY SERVICE ENTRANCE*

PERFORMANCE OBJECTIVE:

Given basic tool kit and installation/electrical materials, install
temporary service entrance. Installation must previde voltage and
ampscity required. Branch circuits of 15 and 20 ampere ratings must
have ground fault protection. Service must be installed inweather proof
enclosure if located outside. The installation of a temporfary service
entrance must meet requirements of the National Electrical Code {(Ar.
305, 230, 250, and 210-88).

vy

*Orientation task training.

PERFORMANCE ACTIONS:

7.0601 Obtain approval for proposed location from power
supplier.

7.0602 Lay pole on ground.
7.0603 Mark off depth pole goes into ground.
7.0604 Atrach meter base 5 to 6 feet above ground level.

7.0605 Install service cable from meter base to top of
service pole.

7.0606 Attach raceway to service pole.
7.0607 Install weatherhead.

7.0608 Install cable between meter base and main service
panel.

7.0609 Attach service panel to pole.

7.0610 Install conduit from service panel to waterproof
service box{es).

7.0611 Attach receptacle box to pole.
7.0612 Run all wiring and make wiring connections.
7.0613 Install ground fault protection.

7.0614 Run ground wire and fasten to pole down to ground
level.




UNIT 7.0 B INSTALL SERVICE ENTRANCE

. TASK 7.06 INSTALL TEMPORARY SERVICE ENTRANCE#*

PERFORMANCE ACTIONS {(Con't):

7.0615 Dig hole for service pole. {(May omit in skill
training.)

7.0616 Install service pole. Pack earth tightly around
pole.

7.0617 Drive ground rod or bury grounding electrode.

7.0618 Fasten ground wire to ground rod or electrode with
approved fastener.

7.0619 Install pole reinforcement as required.
7.0620 Bave installation inspected.
PERFORMANCE STANDARDS:
. -~ Install temporary service entrance to meet instructor's

standards and according to requirements of NEC.

SUGGESTED INSTRUCTION TIME: 2 Hours
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UNIT 7.0 8 INSTALL SERVICE ENTRANCE

TASK 7.07 INSTALL UNDERGROUND SERVICE ENTRANCE

PERFORMANCE OBJECTIVE:

Given basic electrician's tools and equipment, installation and elec—
trical materials; install underground service entrance to meet require-
ments of National Electrical Code {Ar. 230-D, 250-9, 300-5) and stan-
dards of instructor.

PERFORMANCE ACTIONS:
7.0701 Spot meter base location.

7.0702 Attach meter base to structure. Provide driving
ground at meter base.

7.0703 Notify power supplier for service hook up.
7.0704 Obtain inspection.
o PERFORMANCE STANDARDS:
~ Install underground service entrance demonstrating proper

methods, by NEC, to bring service to meter.

SUGGESTED INSTRUCTION TIME: I Hour
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UNIT 7.0 C

INSTALLING SWITCH AND OUTLET BOXES
{Residential)
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ELECTRICITY
. INSTALLING SWITCH AND OUTLET BOXES (RESIDENTIAL)
SUGGESTED INSTRUCTION TIMES

ELECTRICITY ) SUGGESTED
MODULE/TASK . HOURS
UNIT 7.0 C INSTALLING SWITCH AND OUTLET BOXES
(RESIDENTIAL)
7.01 Install Bar-hanger Mounted Box *
7.02 Install Flush Mount Junction Box *
7.03 Install Flush Mount Switch and
Outlet Boxes in Dry Wall or Paneled
Wall. *
7.04 Install Gangable Boxes *
7.05 Install Octagon Qutlet Boxes 27
7.06 Install Recessed Fixture
Housing in Ceiling 3
. Total - 30
* = See 7.05
"
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MODULE/TASK
UNIT 7.0 C

7.01

7.02

. 7.03

7.04

7,05

TASK LISTINGS
ELECIRICITY

DESCRIPTION
INSTALLING SWITCH AND OUTLET BOXES (RESIDENTIAL)

{Install Bar-hanger Mounted Box) Given a bar-hanger box,
set of floor plans showing the basic wiring system, the
basic tool kit, and installation/electrical materials;
install the bar-hanger mounted box at center of ceiling.
The box must be securely mounted to be flush with the
finished ceiling and be located according to plans. The
installation of the box must meet the National Electrical
Code (Ar. 370) and the instructor's standards.

{Install Flush Mount Junction Box} Given flush mount
junction box, set of floor plans or drawing, basic tool
kit, and installation/electrical materials; install

flush mount junction box. Box must be flush with finished
surface and the location must be according to plans.
Junction box must be accessible after installation.
Installation must meet requirement of National Electrical
Code {Ar. 370-B), be mounted securely and flush with
finished surface, and located according to plans.

(Install Flush Mount Switch and Outlet Boxes in Dry Wall)
Given switch and outlet boxes, electrical plans, basic
tool kit, and installation/electrical materials, install
the box in a dry or paneled wall (plywood, etc.). Boxes
must comply with National Electrical Code (Ar. 370-B), be
mounted securely and flush with finished surface, and
located according to plans.

(Install Gangable Boxes) Given gangable boxes, a set of
electrical plans, the basic tool kit. and installation/
electrical materials; install gangable boxes.

Gangable boxes must be of required size and type, fas-
tened securely to structure and level across top.
Installation must meet requirements of National Electri-
cal Code {Ar. 370-B).

{Install Octagon Outlet Boxes) Given octagon outlet
box{es), set of electrical plans, basic tool kit, and
installation/electrical materials; install octagon outlet
box (es) securely to structure, located according to plan,
insta%led according to the National Electrical Code {Ar.
370~B).
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7.06

(Install Recessed Fixture Housing in Ceiling) Given
recegged fixture box, electrical plan, basic tool kit,
installation/electrical materials, and manufacturer's
specifications for fixture; install recessed fixture box
in ceiling. Box must be mounted in correct locatiom,
securely fastened to support fixture, meet manufacturer's
recommended clearances, and installed according to
National Electrical Code (Ar. 410-B and 410-8). Fixture

must be wired so it is controlled by a wall switch.
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UNIT 7.0¢C INSTALLING SWITCH AND
OUTLET BOXES

TASK 7.01 INSTALL BAR-HANGER MOUNTED
BOX

PERFORMANCE OBJECTIVE:

Given a bar-hanger box, set of floor plans showing the basic wiring
system, the basic tool kit, and installation/electrical materials;
install the bar-~hanger mounted box at center of ceiling. The box must
be securely mounted to be £lush with the finished ceiling and be located
according to plans. The installation of the box must meet the Natiocnal
Flectrical Code {Ar. 370} and the instructor's standards.

PERFORMANCE ACTIONS:
7.0101 Locate proper installation point.
7.0102 Attach bar to joist so box will be flush with
finished ceiling.
PERFORMANCE STANDARDS:
- Install bar-hanger mounted box to ceiling location, at center

of ceiling unless otherwise specified.
- Meet NEC and instructor's standards.

SUGGESTED INSTRUCTION TIME: See 7.05
RELATED TECHNICAL INFORMATION:

~- Identification of boxes by terminology.
- Technique to locate center of ceiling.
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UNIT 7.0¢C INSTALLING SWITCH AND
() OUTLET BOXES

TASK 7.02 INSTALL FLUSH MOUNT
_JUNCTION BOX

PERFORMANCE OBJECTIVE:

Given £lush mount junction box, set of floor plans or drawing, basic
tool kit, and installation/electrical materials;-install flush mount
junction box. Box must be £lush with finished surface and the location
must be according to plans. Junction box must be accessible after
installation. Installation muyst meet requirements of National Electri-
cal Code {Ar. 370-B).

PERFORMANCE ACTIONS:
7.0201 Review plans and locate installation point.
7.0202 Locate junction box so it is accessible.
7.0203 Attach junction box to structure so it will be flush
with finished surface.
PERFORMANCE STANDARDS:
- Install flush mount junction box so that it is flush with
finished surface and the location is according to plan and the

box is accessible after installation.

- Performance process and product must be to instructor's
standards.

SUGGESTED INSTRUCTION TIME: See 7.05

RELATED TECHNICAL INFORMATION:

~ Read plan, electrical drawing.

- Identify electrical device boxes.
~ Locating box flush to surface.

~ Safety.
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UNIT 7.0 C

TASK 7.03

INSTALLING SWITCH AND
OUTLET BOXES

INSTALL FLUSH MOUNT SWITCH AND
_OUTLET BOXES IN DRY WALL OR
PANELED WALL

PERFORMANCE OBJECTIVE:

Given switch and outlet boxes, electrical plans, basic tool kit, and
installation/electrical materials; intall the box in a dry or paneled
wall (plywood, etc.). Boxes must comply with Naticnal Electrical Code
{Ar. 370-B), be mounted securely and flush with finished surface, and
located according to plans.

PERFORMANCE ACTIONS:

7.0301
7.0302
7.0303

7.0304

Locate installation points.
Determine finished surface locations.
Position boxes.

Attach boxes to structure, flush with finished
surface,

PERFORMANCE STANDARDS:

-~ Install £lush mount switch and outlet boxes in dry wall or
paneled wall so boxes are flush with finished wall and located
to plan and installed according to NEC.

SUGGESTED INSTRUCTION TIME: See 7.05

RELATED TECHNICAL INFORMATIONM:

- Reading electrical drawing.

~ Identification of electrical device boxes.
- Location of surface of finish wall.

- Installing boxes.

- Safety.
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UNIT

TASK

7.0 C INSTALLING SWITCH AND
OUTLET BOXES

7.03 INSTALL FLUSH MOUNT SWITCH AND
OUTLET BOXES IN DRY WALL OR
"PANELED WALL
{(Con‘t)

EXTENDED TRAINING:

Attach boxes to Masonary Wall: {Optional) 1Install boxes in
masonry wall go they are not recessed more than 1/8 inch form
finished surface, are anchored permanently, and accordiag to
NEC (ar. 370-B).
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UNIT 7.0C INSTALLING SWITCH AND
OUTLET BOXES

TASK 7.04 INSTALL GANGABLE BOXES

PERFORMANCE OBJECTIVES:

Given gangable boxes, a set of electrical plans, the basic tool kit, and
installation/electrical materials; install gangable boxes.

Gangable boxes must be of required size and type, fastened securely to
structure and level across top. Installation must meet requirements of
National Electrical Code {Ar. 370-B).

PERFORMANCE ACTIONS:

7.0401 Review electrical drawing.

7.0402 Locate installation points.

7.0403 Determine boxes needed.

7.0404 Fasten boxes together in approved manner.

7.0405 Attach boxes to structure so they are flush.with

finished surface and level across top.
PERFORMANCE STANDARDS :
~ 1Install gangable boxes in approved manner, meeting require-
ments of NEC, flush with finished surface and level on top.

~ Performance process and product must meet instructor's stan-
dard.

SUGGESTED INSTRUCTION TIME: See 7.05

RELATED TECHNICAL INFORMATION:

- Reading electrical plan.

~ 1Installing boxes flush with finished surface.

- NOTE: Grounding pigtail recommended over grounding clip for
appliance installation, especially solid state or computer
based items.
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UNIT 7.0 € INSTALLING SWITCH AND
‘I’ OUTLET BOXES

TASK 7.05 INSTALL OCTAGON OUTLET BOXES

PERFORMANCE OBJECTIVE:

Given octagon outlet box{es) gset of electrical plans, basic tool kit,
and installation/electrical materials; install octagon outlet box{es).
Outlet box(es) must be mounted securely to structure, located according
to plan, installed according to the National Electrical Code

{Ar. 370-B).

PERFORMANCE ACTIONS:
7.0501 Review plan.
7.0502 Determine boxes needed. Obtain boxes and materials.
7.0502 Locate installation points.

7.0504 Attach octagon outlet box{es) to structure.

. PERFORMANCE STANDARDS:
- Install octagon outlet boxes as required by plan and according

to requirements of NEC and meeting instructor's standards for
process and product.

SUGGESTED INSTRUCTION TIME: 7.01 - 7.05 = 27 Hours

RELATED TECHNICAL INFORMATION:

- Reading electrical plan.

= Tdentification of electrical device boxes.
- Process of locating boxes.

- Process of installation of boxes.
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UNIT 7.0 ¢ INSTALLING SWITCH AND
. CYILET BOXES

TASK 7.06 INSTALL RECESSED FIXTURE
_HOUSING IN CETLING

PERFORMANCE OBJECTIVE:

Given recessed fixture box, electrical plan, basic teool kit, installa-
tion/electrical materials, and manufacturer's specifications for fix-
ture; install recessed fixture box in ceiling. Box must be mounted in
correct location, securely fastened to support fixture, meet manu-
facturer's recommended clearances, and installed according to Naticnal
Electrical Code (Ar. 410-B and 410-8). TFixture must be wired so it is
controlled by a wall switch.

PERFORMANCE ACTIONS:
7.0601 Review plan.
7.0602 Assemble materials.
7.0603 Locate fixture point.
o 7.0604 Make measurements and install fixture housing.

7.0605 Finish installation, connecting line to switch.

PERFORMANCE STANDARDS:
- Install recessed fixture housing in céiling according to

manufacturer’s specifications and meeting requirements of NEC.
- Finish installation, connecting line to switch.

SUGGESTED INSTRUCTION TIME: 3 Hours

RELATED TECHNICAL INFORMATION:

- Reading electrical plans.

-~ Reading manufacturer's specifications.
- Measuring.

-~ Techniques of installation of boxes.
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UNIT 7.0 D

ROUGH IN ELECTRICAL CIRCUITS
(RESIDENTIAL)
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ELECTRICITY

ROUGH IN ELECTRICAL CIRCUITS (RESIDENTIAL)

ELECTRICITY
MODULE;TASK
UNIT 7.0D
7.01
?.02
7.03
7.04
7.05

7.06

7.07

7.12
7.%3

7.14

* = See 7,07

SUGGESTED INSTRUCTION TIMES

ROUGH IN ELECTRICAL CIRCUITS
(RESIDENTIAL)

Rough in 120/240 Circuits to
Distribution Panel Using
Nonmetallic Sheathed Cable {(N.M.C.)

RPough in Armored cable to Qutlet Box

Rough in Cable Between Existing
Box and Newly Installed Box

Rough in Cable for Branch Circuits

Rough in Circuit for Qutlet
Controlled by two Each Three-way
Switches with Feed to Qutlet Box

Rough in Circuit for Qutlet
Controlled by two Each Three-way
Switches with Feed to Qutlet Box

Rough in Circuit for Qutlet
Controlled by two Three-way
Switches and one Four-way Switch
with Feed to & Three-way Switch

Rough in Circuit for Door Chime
Rough in Circuit for Intercom

Rough in Low=-voltage Wiring
{orientation)

Instzll Non-metzllic Cable
in Outlet Beoes- o

Rough in Circuit for Split
Circuit Duplex Receptacle

Orientation to Installing
Conduit Underground

Orientation to Installing
Direct Buried Cable
Total -

224
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SUGGESTED

HOURS

9

not walid

4
{See 7.03)

N/a

N/a

{See 7.03)

N/a

N/A
60




TASK LISTINGS
‘ ELECTRICITY

MODULE/TASK DESCRIPTION
UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS (RESIDENTIAL)
7.01 {Rough in 120/240 Circuits to Distribution Panel

Using Noametallic Sheathed Cable [N.M.C.]) Given
electrical drawing, basic tool kit, installation/
electrical materials; rough in 120/240 volt circuits
to distribution panel (SEP box) using nonmetallic
sheathed cable {N.M.C.). Installation must be to
NEC (AR. 336-5, 336-10).

7.02 {Rough in Armored cable to Outlet Box) Given
electrical plan, basic tool kit, installation/
electrical materials, armored cable, and installed
outlet box {or box to install); rough in armored
cable to box. Exposed cable must be supported at
intervals not exceeding 4.5 feet and must be sup-
ported with 12 inches of box or fitting Insulat
bushing must be visible after installation. Cable
installation must meet requirements as outlined by
NEC (Ar. 333).

7.03 {Rough in Cable Between Existing Box and Newly
Installed BoX) Given previously roughed in wiring,
120 volt source, basic tool kit, installation/
electrical materials; rough in cable between an
existing box and a newly installed box. Cable must
be of sufficient ampacity to serve connecting load
and must be suitable for location. Interior wall
finish must not be damaged. Installation must be to
NEC {Ar. 300-A).

7.04 {Rough in Cable for Branch Circuits) Given electri-
cal drawing, basic tool kit, installation/electrical
materials; rough in cable {(or conduit, if required
by instructor) for branch circuitsi:—Imnstallation—— -~
must be completed without damage to interior finish.
wire sizes must be appropriate for load to be served
and cable must
extend form power source to outlet box of load
served and must be terminated in approved fittings.
Installation must meet NEC.

7.05 {(Rough in Circuit for Outlet Controlled by Two Each
Three-Way Switches with Feed to Switch Box} Given
instruction, electrical drawings, basic tool kit,
Q installation/electrical materials required; rough in
circuit for outlet controlled by two each three-way
switches with the feed to the switch.
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The cable must be installed in the most direct path.

. Power source must terminate at one of the switch
outlets. There must be sufficient conductors in
each box for the circuit to function properly.
Installation must meet NEC (Ar. 300).

7.06 (Rough in Circuit for Outlet Controlled by two Each
Three-way Switches with Feed to Outlet Box) Given
electrical drawing, basic tool kit, and
installation/ electrical materials; rough in
circuit for outlet controlled by two s2ach three-way
switches with feed to the device outlet box. Cable
must-be installed in the most direct path. Power
source must terminate at outlat box. Number of
conductors must be sufficient for circuit to properly
operate, Circuit installation must be sccording to
NEC (AR. 300-A).

7.07 (Rough in Circuit for Outlet Controlled by tow
Three-way Switches and one Four-way Switch with Feed
to a Three~way Switch} Given instruction, electri-
cal drawing, bcsic tool kit, and installation/
electrical materials; rough in circuit for outlet
controlled by two each three-way switches and one
four-way switch. Cable must be ingtalled in most
direct path. Power source must be terminated at one

. three-way.switch. The number of conductors must be
sufficient and properly installed for circuit design
to work properly. 1Installation must be to NEC (Ar.
300-4).

7.08 (Rough in Circuit for Door Chime)} Given door chime
wire, boXes as necessary, basic tool kit, and other
required materials; rough in circuit for a door
chime. Wire of correct size must be run from each
door and from transformer to point yhere chime is to
be located. Sufficient length of wire must be left
for future connection of chime system. Approved
transformer of proper rating must be used.

e ’ = 7,09 -~ (Rough in Circuit for Intercom) — Given layout cf - - -
intercom system, basic tool kit, ané¢ installation/
electrical materials; rough in circuit for intercom
system. Cables and rough-in boxes (kits) must be
installed at each location according to manu-
facturer's specification. Appropriate NEC sections

apply.

7.10 (Rough in Low-voltage Thermostat Wiring) Given
layout for low-voltage thermostat system, thermostat
wire, location of thermostats, basic tool kit, and

. installation/electrical materials; rough in
low-voltage thermostat wiring. The wiring must have
sufficient number of conductors per cable to control
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7.11

7.12

7.13

7.14

devices being served. thermostat locations must be
at height specified. Rough in circuits must meet NEC
{Ar. 725~C)} and plan specifications.

{Install Nonmetallic Cable in Outlet Boxes) Given
basic tool kit), installation/electrical materials,
cable, and pre-installed boxes; install nonmetallic
cable in outlet boxes. Cable must be secured
without damage to insulation. Cable should have
about 6 inches of free wire for connections in box.
NEC {Ar. 336-5-10 and Ar. 300-~i4) applies.

{Rough in Circuit for Split Circuit Duplex Recepta=~
cle) Given previously installed receptacle box,
basic tool kit, and installation/electrical mate-
rials; rough in circuit for a split circuit duplex
receptacle. The rough in circuit must meet NEC
requirements {Ar. 210-~4, 210-6, subs. C. 1, 2).
Performance must be to instructor's standards.

{Orientation to Installing Conduit Underground)
Given instruction, conduit, basic tool kit, instzl-
lation/electrical materials; install conduit under-
ground, Conduit must be resistant to moisture and
corrosive agents. Conduit must be identified as
applicable for underground installation. Installa—
tion must be according to NEC (Ar. 300~5, Table
300-5). Trench must be properly located according
to plan, etc., and to a depth no less than minimum
requirements to code. Bushings must be properly
installed.

(Orientation to Installing Direct Buried Cable)

Given direct buried cable, basic tool kit, and
installation/electrical materials; rough in direct

buried cable according to plan. Cable must meet
specification, be manufactured for direct burizal, T
and be of correct size and type for load served.

Installation must be to requirements of NEC (Ar.

300-5) and meet instructor's standards. Trench must
be-located-according-to-plan, etc.,-be of-depth no---- -—
less than minimum requirements of NEC, and proper
bushing must be installed where cable enters and
leaves trench. Proper hook up lengths must be
allowed at each end.
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UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.01 ROUGH IN 120/240 CIRCUITS TO
DISTRIBUTION PANEL USING
_NONMETALLIC SHEATHED CABLE (N.M.C.)

PERFORMANCE OBJECTIVE:
Given electrical drawing, basic tool kit, installation/electrical
materials, rough in 120/240 volt circuits to distribution panel (SEP
box) using nonmetallic sheathed cable (N.M.C.)}. Installation must be to
NEC (Ar. 336-5, 336-10).
PERFORMANCE ACTIONS:

7.0101 Review electrical drawing.

7.0102 Assemble materials.

7.0103 Locate installation point.

7.0104 Remove proper size knockout from distribution panel.

(For training this may be simulated and student
. instructed in proper methods to remove knockouts.)

7.0105 Attach nonmetallic connector to distribution panel.

7.0106 Pull cable from outside of distribution panel
through cable connector to opposite side of panel.

7.0107 Tighten clamp on cable without damaging insulation.

7.0108 Identify eircuits as to load served.

PERFORMANCE STANDARDS:
- - "= Rough-in 120/240-volt circuits to-distribution -panel using —— - ——

nonmetallic sheathed cable.
- The installation must “e to NEC and to instructor's standards.

SUGGESTED INSTRUCTION TIME: 9 Hours
RELATED TECHNICAL INFORMATION:
-~ Reading electrical plan.

. ~ Installation of 120/240 service.
-~ Installation of distribution panel.
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***PASK NO LONGER VALID: 6/84%**

UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS
TASK 7.02 ROUGH IN ARMORED CABLE TO
OUTLET BOX

PERFORMANCE OBJECTIVE:

Given electrical plan, basic tool kit, installation/electrical mate-
rials, armored cable, and installed outlet box {or box to install);
rough in armored cable to box. Exposed cable must be supported at
intervals not exceeding 4.5 feet and must be supported with 12 inches of
box or fitting. Inmsulating bushing must be visible after installation.
Cable installation must meet requirements as outlined by NEC {(Ar. 333).

PERFORMANCE ACTIONS:
7.0201 Review electrical drawing.
7.0202 Assemble materials.

7.0203 Locate electrical run and prepare studs as neces-
sary.
7.0204 Remove proper size knockout from cutlet box.

7.0205 Remove 6 inches of armor from cable {AC Flexible
Armored or equivalent).

7.0206 Install insulation bushing.

7.0207 Feed wire through cable connector until cable
bottoms out in connector.

7.0208 Tighten connector on armored cable.

PERFORMANCE STANDARDS:

- Rough in armored {AC Flexible Armored) cable to outlet box
supporting cable at recommended intervals, with insulating
bushing visible after installation, and meeting NEC.

SUGGESTED INSTRUCTION TIME:
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UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

. TASK 7.03 ROUGH IN CABLE BEIWEEN EXISTING
BOX AND NEWLY INSTALLED BOX

PERFORMANCE OBJECTIVE:

Given previously roughed in wiring, 120 volt source, basic toel kit,
installation/electrical materials; rough in cable between an existing
box and a newly installed box. Cable must be of sufficient ampacity to
serve connecting load and must be suitable for location.* Interior wall
finish must not be damaged. Installation must be to NEC (Ar. 300-4).

*Suggested new outlet; Microwave oven outlet (1600 watts).

PERFORMANCE ACTIONS:
7.0301 Discennect power to circuit.
7.0302 Verify that power is disconnected.
7.0303 Determine route for cable to travel.
. 7.0304 Prepare structure fOT‘-‘ cable travel and outlet.
7.0305 Remove knockouts from both boxes.

7.0306 Run cable following approved techniques of installa~
tion.

7.0307 Make required connection to extend circuit to new
box.

7.0308 Turn power on.

7.0309 Check new circuit for proper operation.

PERFORMANCE STANDARDS:
-~ Rough in cable between existing box and newly installed box,
120 volt line, selecting proper size cable and installing it

according NEC and recommended techniques without damage to
existing finish of structure.

SUGGESTED INSTRUCTION TIME: 4 Hours
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UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.04 ROUGH IN CABLE FOR
BRANCH CIRCUITS

PERFORMANCE OBJECTIVE:
Given electrical drawing, basic tool kit, installation/electrical
materials; rough in cable (or conduit, if required by instructor) for
branch circuits. Installation must be completed without damage to
interior finish. Wire size must be appropriate for load to be served
and cable must extend from power source to outlet box of load served and
must be terminated in approved fittings. Installation must meet NEC.
PERFORMANCE ACTIONS:

7.0401 Review drawing.

7.0402 Agsemble materizls.

7.0403 Determine location for installation of cable (or
conduit},

7.0404 Remove knockout or provide opening for boxes.
7.0405 Install cable connector (or conduit connector).

7.0406 Pull cable for circuit (or run conduit and pull
cable),

7.0407 Fasten cable, etc., as required to meet code.

PERFORMANCE STANDARDS:

~ Rough in cable for branch circuits so that installation does
not damage interior finish and cable is appropriate for load
to be served and installation must meet NEC. o o

SUGGESTED IKSTRUCTION TIME:  See 7.03
RELATED TECHNICAL INFORMATION:

- Reading electrical drawing.
-~ Installation of cable/conduit.
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UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.05 ROUGH IN CIRCUIT FOR OUTLET
CONTROLLED BY TWO EACH THREE-WAY
SWITCHES WITH FEED TO
‘SWITCH BOX

PERFORMANCE OBJECTIVES:

Given instruction, electrical drawing, basic tool kit, ingtalla-
tion/electrical materials required; rough in circuit for outlet con-
trolled by two each three-way switches with the feed to the switch.

The cable must be instslled in the most direct path. Power source must
terminate at one of the switch outlets. There must be sufficient

conductors in each box for the circuit to function properly. Installa~
tion must meet NEC (Ar. 300).

PERFORMANCE ACTION:
7.0501 Review drawing.
7.0502 Assemble materials.
7.0503 Locate previoucly installed boxes.

7.0504 Run two-~wire cable of proper size to outlet box
being controlled by remaining switch boxes.

7.0505 Strip about 6 inches from outer jacked of cable.

7.0506 Attach cable in outlet boxes using approved connec-
tors.

7.0507 Anchor cable to building structure at required
intervals.

7.0508 Fold conductors back into box.

PERFORMANCE STANDARDS:

- Rough in circuit for outlet controlled by two each three-way
switches with feed to switch box.

~ Cable installation must follow most direct path with power
source terminated at one of the switch outlets.

- Must be sufficient conductors in each box for circuit to
function properly and installation must be to NEC.

SUGGESTED INSTRUCTION TIME: See 7.07
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UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.06 ROUGH IN CIRCUIT FOR OUTLET
CONTROLLED BY TWO EACH THREE-WAY
SWITCHES WITH FEED TO
*OUTLET BOX

PERFORMANCE OBJECTIVE:

Given electrical drawing, basic tool kit, and installation/electrical
materials; rough in circuit for outlet controlled by two each tree-way
switches with feed to the device outlet box. (Cable must be installed in
the most direct path. Power source must terminate at outlet box.

Number of conductors must be sufficient for circuit to properly operate.
Circuit installation must be according to NEC {Ar. 300-A).

PERFORMANCE ACTIONS:
7.0601 Review electrical drawing.
7.0602 Assemble supplies.
7.0603 Locate Previously installed boxes.
7.0604 Run cable to boxes as required:

2. Feoder cable to outlet box.

b. Three-wire cable from one switch box to outlet
box.

c. Three~wire cable from other switch box to
outlat box.

7.0605 Strip about 6 inches of outer jacked from each
cable.

7,0606 Attach cable to building structure at required
intervals.

7.0608 éold con&uctﬁfs back iﬁfo boxes:_

PERFORMANCE STANDARDS:

- Rough in circuit for outlet controlled by two each three-way
switches with feed to the ocutlet box.

- The circuit must be properly installed and operational,
meeting NEC.
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. UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.06 ROUGH IN CIRCUIT FOR OUTLET
CONTROLLED BY TOW EACH THREE-WAY
SWITCHES WITH FEED TO OUTLET BOX
‘{Con't)

SUGGESTED INSTRUCTION TIME: See 7.07

RELATED TECHNICAL INFORMATION:

- Three-way switch circuit.
- Working with three-way cable.
- Rules for wiring a three-way switch.
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UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.07 ROUGH IN CIRCUIT FOR OUTLET
CONTROLLED BY THREE-WAY SWITCHES AND
ONE FOUR-WAY SWITCH WITH FEED TO A
"THREE-WAY SWITCH

PERFORMANCE OBJECTIVE:

Given instruction, electrical drawing, basic tool kit, and installation/
electrical materials; rough in circuit for outlet controlled by two each
threecway swyitches and one four-way switch with feed to a three-way
switch. Cable must be installed in most direct path. Power source must
be terminated at one three-way switch. The number of conductors must be
sufficient and properly installed for circuit design to work properly.
Installation must be to NEC (Ar. 300-A).

PERFORMANCE ACTIONS:
7.0701 Review electrical drawing.
7.0702 Assemble materials.

7.0703 Locate previously installed boxes.

7.0704 Run feed cable of proper size to one of three-way
switch box. )

7.0705 Run three-way cable from feed switch box to four-way
switch box.

7.0706 Run three-wire cable from four-way switch box to
remaining three-way switch box.

7.0707 Run a two~wire cable from the last three-way switch
box to the outlet box being controlled.

7.0708 Strip at_least. 6 iaches of outer jacked from each
cable.

7.0709 Attach cables in outlet boxes using approved connec-
tors.

7.0710  Attach cable to building structure as required/good
practice.

7.0711 Fold conductors back intc boxes.
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UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.07 ROUGH IN CIRCUIT FOR OUTLET CON-
TROLLED BY TWO THREE-WAY SWITCHES AND
ONE FOUR-WAY SWITCH WLITH FEED TO A
'THREE-WAY SWITCH (Con't)

PERFORMANCE STANDARDS:
~ Rough in circuit for outlet controlled by two three-way

switches and one four-way switch with feed to a three-way
switch.

SUGGESTED INSTRUCTION TIME: 7.05 - 7.07 = 40 Hours

RELATED TECHWICAL INFORMATION:

- Reading electrical wiring diagrams.
- Three-way circuit design.
- Wiring three and four way switches.

TASK EXPANSION:

- Rough in circuit for an outlet controlled by two each
three~way switches and one four-way switch with feed to the
outlet. {Actions above with slight modification apply.)
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UNIT 7.0 b ROUGH IN ELECTRICAL CIRCUITS

TASK 7.08 ROUGH IN CIRCUIT FOR DOOR CHIME

PERFORMANCE OBJECT1VE:
Given door chime wire, boxes as necessary, basic tool kit, and other
required materials; rough in circuit for a door chime. Wire of correct
size must be run from each door and from transformer to point where
chime is to be located. Sufficient length of wire must be left for
future connection of chime system. Approved transformer of proper
rating must be usad.
PERFORMANWCE ACTIONS:

7.0801 Review electrical print.

7.0802 Assemble materials.

7.0803 Locate installation point.

7.0804 Install a junction box and mount transformer.

7.0805 Run feeder cabie from power source to function box.

7.0806 Run door bell wire from transformer to chime bou.

7.0807 Run wire from each push button location of chime
box.

7.0808 Fold wires into boxes or out of way.

PERFORMANCE STANDARDS:

- Rough circuit for door chime according to electrical drawing,
using approved wire and transformer, to instructor's specifi-
cations.

~ Aprropriate NEC sections apply.

SUGGESTED INSTRUCTION TIME: 6 Hours




UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.09 ROUGH IN CIRCUIT FOR INTERCOM

PERFORMANCE OBJECTIVE:
Given layout of intercom system, basic tool kit, and installation/
electrical materials; rough in circuit for intercom system. Cables and

rough iIn boxes (kits) must be installed at each location according to
manufacturer's specifications. Appropriate NEC sections apply.

PERFORMANCE ACTIONS:
7.0901 Review layout.
7.0902 Read manufacturer's installation instruction.
7.0903 Run power cable to master stationm.

7.0904 Attach rough~in kits to structure.

7.0905 Run required (appropriate size) cables from master
to each remote.

. 7.0906 Tag cables are- required.
PERFORMANCE STANDARDS:
~ Rough in circuit for intercom according to plan and manu-

facturer's specifications.

SUGGESTED INSTRUCTION TIME: N/A See 7.03
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UNIT 7.0D ROUGH IN ELECTRICAL CIRCUITS

. TASK 7.10 ROUGH IN LOW-VOLTAGE WIRING

PERFORMANCE OBJECTIVE:
Given layout for low-voltage thermostat system, thermostat wire,
location of thermostats, basic tool kit, and installation/electrical
materials; rough in low-voltage thermostat wiring. The wiring must have
sufficient number of conductors per cable to control devices being
served. Thermostat locations must be at height specified. Rough in
circuits must meet NEC (Ar. 725-C) and plan specifications.
PERFORMANCE ACTIONS:

7.1001 Review layout.

7.1002 Review specifications.

7.1003 Review manufacturer's installation instyictions.

7.1004 Location installation points of thermostats and
specified height of controls.

. 7.1005 Run low-voltage wire from equipment to thermostat

locations.

PERFORMANCE STANDARDS:

~ Rough in low-voltage wiring according to plan, specifications,
manufacturer's instructions, and NEC.
-~ Meet instructor's standards.

SUGGESTED INSTRUCTION TIME: N/&
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UNIT 7.0D ROUGH IN ELECTRICAL CIRCULIS

TASK 7.11 INSTALL NON-METALLIC CABLE IN QUILET
BOXES

PERFORMANCE OBJECTIVE:

Given basic tool kit, installation/electrical materials, cable, and
pre-installed boXes; install non-metallic cable in outlet boXes. (able
nust be secured without damage to insulation. Cable should have about 6
inches of free wire for connections in box. NEC (Ar. 336=3-10 and Ar.
300-14) applies.

PERFORMANCE ACTIONS:

7.1101 Remove one kmockout from outlet box for each cable
entering box.

7.1102 Extend cable into ouflet box 6 inches.
7.1103 Anchor cable to box by:

a. Tighien clamp on cable in metal box.
b. Attach cable to structure within 8 inches if

. plastic box.

PERFORMANCE STANDARDS:

- 1Install not-metallic cable in outlet toxes using proper method
to secure cable without damage, allowing 6 inches for later
connections, and meeting NEC.

SUGGESTED INSTRUCTION TIME: See 7.03
TASK (TRAINING) EXPANSION:

- Rough in cabi¢ in switch and junction boxes not covered in the
above tagk. (Instructor will clarify where actions differ.)
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UNIT 7.0D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.12 ROUGH IN CIRCUIT FOR SPLIT CIRCUIT
DUPLEX RECEPTACLE

PERFORMANCE OBJECTIVE:

Given previously installed receptacle box, basic tool kit, and installa-
tion/electrical materials; rough in circuit for a split circuit duplex
receptacie. The rough in circuit must meet NEC requirements (Ar. 210-4,
210~6, subs. C, 1, 2). Performance must be to instructor's standards.

PERFORMANCE ACTIONS:
7.1201 Locate previously installed wall box.
7.1202 Run three-wire cable from power source to wall box

{NOTE: Split 240 volt circuit must have disconnect
such as a two-pole circuit breaker to
disconnect both hot wires at the same time.

7.1203 Strip at least 6 inches of outer jacked from each
cable.

7.1204 Attach cable in ocutlet boxes using approved connec-
tors.

7.1205 Attach cable to building structure as required.

7.1206 Fold conductors back into box.

PERFORMANCE STANDARDS:

- Rough in circuit for split circuit duplex receptacle according
to NEC and instructor's standards for performance and product.

- Means to disconnect both hot wires at same time must be
provided,

SUGGESTED INSTRUCTION TIME: 1 Hour

RELATED TECHNICAL INFORMATION:

- NEC requirements for split-wires 240 volt circuit.

~ S8EP and balancing considerations.

- {able run should be made by recommended procedure: Orien-
tation to wiring with 2 each 12-2 w/grd. (6 wires). Preferred
method of wirin~ with 1.3 w/grd. (4 wires).
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UNIT 7.0 D ROUGH IN ELECTRICAL CIRCUITS

TASK 7.13 ORIENTATION TO INSTALLING CONDUIT
UNDERGROUND

PERFORMANCE STANDARDS:

Given instruction, conduit, basic tool kit, installation/electrical
materials; install conduit underground. Conduit must be resistant to
moisture and corrosive agents. Conduit must be identified as applicable
for underground installation. Installation must be according to NEC
(Ar. 300-5, Table 300-5). Trench must be properly located according to
plan, etc., and to a depth no less than minimum requirements of code.
Bushings must be properly installed.

SUGGESTED INSTRUCTION TIME: N/A

UNIT 7.0 ROUGH IN ELECTRICAL CIRCUITS
TASK 7.14 ORIENTATION TO INSTALLING DIRECT
BURIED CABLE

PERFORMANCE STANDARDS:

Given direct buried cable, basic tool kit, and installation/electrical
materials; rough in direct buried cable according to plan. Cable must
meet specifications, be manufactured for direct burial, and be of
correct size and type for load served. Installation must be to require-
ments of NEC (Ar. 300~5) and meet instructor’'s standards. Trench must
be located according to plan, etc., be of depth no less than minimum
requirements of NEC, and proper bushing must be installed where cable
ent s and leaves trench. Proper hook up lengths must be allowed at
each end.

SUGGESTED INSTRUCTION TIME: N/A
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UNIT 7.0 E

I ROUGH IN TELEPHONE WIRE AND ACCESSORIES

This unit concerning roughing in telephone wire and accessories, is
included at the recommendation of Electricity Task Force Committee based
on current practices in residential electrical wiring. It is projected
by the Electricity Task Force Committee that the installation of tele-
phone wiring and accessories will be a continuing task performed by the
residential electrician.

All objectives (tasks) in this unit are based on the modular system of
American Telephone & Telegraph Company. Tasks concerning installation
of line cords and telephone units are omitted.

The tasks and actions and materials described in this unit are based on
the following references/standards:

National Electrical Code, Quincy, MA: National Fire Protection Asso-
ciation, 1981 {Articles 725-5 800).

"Do-It-Yourself and Save,'" free brochure from American Telephone &
Telegraph Company, 1981, ,
’ "How to Install Telephone Wiring," provided by Southern Bell, 20 pages,
1981.

"Technical Standards and Installation Guidelines," provided by Southern
Bell, 12 pages. 198l.
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ELECTRICITY
MODULE/TASK
UNIT 7.0 E
7.01
7.02
7.03
7.04
* = See 7.04

ELECTRICITY
ROUGH IN TELEPHONE WIRE AND ACCESSORIES
SUGGESTED INSTRUCTION TIMES

SUGGES TED
HOURS

ROUGH IN TELEPHONE WIRE AND ACCESSORIES

Plan Wiring Job *

Install Telephone Qutlets *

Install Telephone Wire *

Connect Wires to Junction Boxes and Jacks 15
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TASK LISTINGS

. ELECTRICITY
MODULE /TASK DESCRIPTION
UNIT 7.0 E ROUGH IN TELEPHOMNE WIRE AND ACCESSORIES
7.01 (Plan Wiring Job) Given instruction, residential

structure floor plan or telephone wiring plans, and
specifications concerning telephone locations; plan
telephone wiring installation to include (a) wiring
plan including use of Network Interface or Wire
Junction, as appropriate, and (b} accessory jacks
for various types of telephone installations,

7.02 (Install Telephone Outlets) Given an approved plan
of installation, all necessary telephone outlet
accessories and related equipment, tools and fasteners;
install telephone outlets according to specifi-
cations and the National Electrical Code (Ar. 725-5,
800). Locations must be to instructor's standards
and installation must follow instruction included
with each product.

7.03 (Install Telephone Wire} Given instruction, roughed

' in junction boxes and jacks, and Network Intarface
location, necessary 4~conductor wire, tools, and
fasteners, and installation plan or sketch; messure
and cut the required telephone wyire to reach between
outlets and junctions and to the Network Interface.
Wire must be cut to proper length to avoid splicing,
connections should be made only at junction boxes or
jacks,or at the Network Interface, installaticn of
wire should meet recommendations of National Electri-
cal Code (Ar. 725-5, 800), and performance process
and product must be to instructor's standards.

7.04 (Connect Wires to Junction Boxes and Jacks) Given
instructions, roughed-in color coded 4=-conductor
telephone /communications wire, installed junction
boxes and jacks and Network Interface, necessary
tools «' materials; connect wires to junction boxes
and jacks according to Junction and jack product
instructions and color coding procedures of American
Telephone & Telegraph Company (standard). Wires
must be properly stripped and fastened to junctions
and jacks to meet instructor's standards.
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UNIT 7.0 E ROUGH IN TELEPHONE WIRE AND
. ACCESSORIES

TASK 7.01 PLAN WIRING JOB

PERFORMANCE OBJECTIVE:

Given instruction, residential structure floor plan or telephone wiring
plan, and specifications concerning telephone locations; plan telephone
wiring installation to include (a) wiring plan including use of Network
Interface or Wire Junction, as appropriate, and (b) accessory jacks for
various types of telephone installations.

PERFORMANCE ACTIONS:

7.0101 Review house plans/blueprints and specifications or
customer’'s specifications concerning telephone
locations.

7.0102 If telephone wiring and .jack locations are not
visually represented in a plan or blueprint, dray or
sketch the planned system. Verlfy proposed tele-
phone locations with customer.

7.0103 Following the telephone wiring and accessory jack
location plan and customer's specifications; deter-
mine which products you will require to complete the
job.

a. If serveral outlets are planned, consider use
of a Wire Junction "to simplify planning, save
time and money, and achieve a neater installa-
tion.”

b. Decide on the type of telephone outlet for each
location:

{1} '"Outlets with protective covers in areas
where protection from dust, dirt, paint,
and moisture is necessary.”

(2} "Flush type jacks where a protruding jack
is inconvenient.”

(3) "Wall Phone Modular Jack for wall tele-
phones.”

7.0104 Estimate wire runs and determine length of wire for
total job.

7.0105 Determine required junction bhoxes, etc.
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UNIT 7.0 E RCUGH IN TELEPHONE WIRE AND
ACCESSORIES

TASK 7.01 FLAN WIRING JOB {Con't)

PERFORMANCE STANDARDS:

-~ Plan a given wiring job based on customer's specif{ications and
other information provided so that all materials required for
the job are determined.

~ Locations should be verified with the customer and a sketch or
drawing of the installation should be produced for reference.

SUGGESTED INSTRUCTION TIME: See 7.04

RELATED TECHNICAL INFORMATION:

- Suggested wire and accessories for telephone installations
{"Do-It~-Yourself and Save" brochure [free] from American
Telephone & Telegraph Co. [Southern Bell]}.

= Measuring.

~ Reading of blueprints, drawings, and specifications.
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ONIT 7.0 E ROUGH IN TELEPHONE WIRE AND
ACCESSORIES

TASK 7.02 INSTALL TELEPHONE QUTLEIS

PERFORMANCE OBJECTIVE:

Given an approved plan of installation, all necessary telephone outlet
accessories and related equipment, tools and fasteners; install tele-
phone outlets according to specifications and the National Electrical
Code (Ar. 725-5, 800). TLocations must be to instructor's standards and
installation must follow instructions included with each product.

PERFORMANCE ACTIONS:

7.0201 Assemble products for telephone outlet and acces-
sories installation/installations.

7.0202 Determine Network Interface location.

7.0203 Install outlets according to specified instructions
included with each product at specified locations:

(NOTE: Install products located furthest from

Network Interface or existing modular
jack).

a. Rough in wire boxes (prewired outlets, no
terminating screw). (Following sub-steps may
be left as trim out work.)

(1} Counect Flush Mounted Modular Jack with
protective cover or wall phone modular
jack.

(2) Extend modular system as required.

b. Instzall prewired ouztlats with prewira junction
box (conductor wires attached to four terminal
screws).

(1) 1Install a prewired Flush Xounted Modular
Jack with protective cover or a Prewired
Wall Phone Modular Jack.

c. Install Modular Jacks at baseboard locations.

d. Install Wire Junctions @s central connecting
points to simplify wiring, save time and money,
and produce & neater installation.

PERFORMANCE STANDARDS:

~ Select proper telephone outlets and accessories such as
junction boxes or outlet boxes and install them at specified
locations.
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UNTT 7.0 E ROUGH IN TELEPHONE WIRE AND

. ACCESSORTES

TASK 7.02 INSTALL TELEPHONE OUTLETS (Con't)

SUGGESTED INSTRUCTION TIME: See 7.04

RELATED TECHNICAL INFORMATION:
- Installation of junction boxes (electrical boxes).
- 1Installation of telephone junction boxes and jacks.

- Wall telephone mounted at recommended height of 5 feet above
floor.

RECOMMENDED

-~ (Orientation by instructor.} Locations of Modular jacks,
ete,. on baseboards, etc.
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UNIT 7.0 E ROUGH IN TELEPHONE WIRE AND
ACCESSORIES

TASK 7.03 INSTALL TELEPHONE WIRE

PERFORMANCE OBJECTIVE:

Given instruction, roughed in junction boxes and jacks, and Network
Interface location, necessary 4-~cond'ctor wire, tools, and fasteners,
and installation plam or sketch; measure and cut the required telephone
wire to reach between outlets and junctions and to the Network Inter-
face. Wire must be cut to proper length to avoid splicing, connections
shouid be made only ar junction boxes or jacks, or at the Necwork
Interface, installation of wi.e should meet recommendations of National
Electrical Code (Avx. 725-~5, 800}, and performance process and product
must be to insiructor's standards.

PERFORMANCE ACTIONS:
7.0301 Review plan of installation.
7.0302 Review location of roughed in junctions and jacks.

7.0303 Measure and cut telephone wire sufficlent to reach
between outlzts and wire junctions and between wire
junctions and Network Interface.

7.0304 Run wire 2long baseboards, around door jams and
under window sills, as required.

7.0305 Drill holes for service runs through walls and
floors, etec.

7.0306 Run wires as required, fastening them with approved
methed (such as stazple gun, gtaples, etc.).

PERFORMANCE STANDARDS:

- Install 4~conductor telaphone wire accorxdlng to plan to
connect jacks to junction bokes anu o Network Interface,

- Wires should be installed according to Natiwnal Electrical
Code (Ar. 725-5, 800}, neatly and concealed where possible.

- The telephone conductors should not be spliced.

~ Comnections should be appropuiiately fastened to the structure.

~ Performance process aznd product must be to instructor's
standards.

SUGGESTED INSTRUCTION TIME: See 7.04
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UNIT

TASK

7.0 E ROUGH IN TELEPHONE WIRE AND
ACCESSORIES

7.03 INSTALL TELEPHONE WIRE (Con't)

RELATED TECENICAL INFORMATION:

System planning.

Measuring wire runms.

Cutting and stripping wires.

Fastening wires at junction boxes an putlets.
Fastening wire runs to structure.

SUGGESTIONS FOR INSTALLING TELEPHONE WIRING:

-

"Avoid placing telephone wires in pipes, conduits, or compart-
ments containing other electrical wiring."

Do not place telephone wires "near bare power wires or
lightening rods, antennas, hot water pipes, or heating ducts."
"Use electrical tape to protect wires from abrasion when they
are ruu next to grating, grillwork, or similar surfaces."

"Do not support objects with telephone wiring,"

Do not install wiring yhere it mat be exposed to lighting.
Avoid damp locations or Jocations that might come into contact
with water.

Avoid locations where wire might be subject to stress or
pinching.

Never splice telephone wire. Always use junction boxes or
jacks for wire conrections.

Keep wire runs as short as possible.

Avoid connecting more than 5 telephones to any one service
line.

When drilling holes through walls or floors, be careful not to
hit concealed electrical wiring, pipes, etc.
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UNIT 7.0 E ROUGH IN T:iLEPHONE WIRE AND
ACCESSORIES

TASK 7.04 CC "ECT WIRES TO JUNCTION BOXES AND
Je. 8

PERFORMANCE OBJECTIVE:

Given instructions, roughed-in color coded 4-conductor telephone/
communications wire, installed junction boxes and jacks and Network
Interface, necessary tools and materials; connect wires to junction
boxes and jacks according to junction and jack product instructions and
color coding procedures of American Telephone & Telegraph Company
(standard). Wires must be properly stripped and fastened to junctions
and jacks to meet instructor's standards.

PERFORMANCE ACTICNS:

7.0401 Identify locations where jacks and junctions will be
wired. Omit junction boxes where wires not ter-
minated will be left.

7.0402 Remove junction or jack cover.

7.0403 Strip about 3/4 inch of insulation from wires taking
care not to cut wire.

7.0404 Loop wire around terminal screw.

7.0405 Tighten screw so that wive will not loosen with
vibhration.

7.0406 Place cover on junction box or jack.

PERFORMANCE STANDARDS:

- Connect roughed in telephone conductcrs to pre-installed
telephone junction bexes and modular jacks so that a proper
mechanical electyical connection is made.

- Telephone conductors. must be properly connected according to
color code standards of American Telephone & Telegraph
Company.

- Performance process and product must meet instructor's
standards.

SUGGESTED INSTRUCTION TIME: 7.01 - 7.04 = 15 Hours
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UNIT 7.0 E ROUGH IN TELEPHONE WIRE AND
. ACCESSORTES

TASK 7.04 CONNECT WIRES TO JUNCTION BOXES AND
JACKS {(Con't.)

RELATED TECHNICAL INFORMATION:
Y
~ TIdentification of color coding of (a) telephone wire and (b)
medular jacks, wira junction boxes, and Network Interface.
~ Stripping and screw connecting wire to terminals.
- 1Identification of color abbreviations used by telephone
company: (G), (R), (B), (¥).
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. UNIT 7.0 F
TRIM OUT (FINISH) ELECTRICAL DEVICES
{Residential)
|
|
|
|
|
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ELECTRICITY

TRIM 0UT (FINISH) ELECTRICAL DEVICES (RESIDENTIAL)

ELECTRICITY
MODULE/TASK
UNIT 7.0 F

?.01
?.02

7.03

7.04

?.05
7.06

7.07

7.08

7.09

7.10

7.13
7.14

SUGGESTED INSTRUCTION TIMES

TRIM OUT (FINISH) ELECTRICAL
DEVICES (RESIDENTIAL)

Connect Door Chime System

Connect/Install Duplex
Receptacle Qutlets.

Connect/lns&all 250 Volt Four-
Wire Receptacle for Range or Dryer

Install Ground Fault Interrupting
Device (GFCI)

Connect 'fot Water Heater

Connect Low-Voltage Lighting
Control

Connect Moisture Resistance
Receptacle

Connect Single Pole Switch

Connect 8plit Circuit Duplex
Receptacle

Connect Three-wire 240 Volt
Receptacle

Connection Wires from Junction Box
to Appliance/Electrical Device

Connect 120/240 Circuits to
Circuit Breaker Panel Using
Non-metallic Cable

Install/Connect Three-way Switches

Make Wire and Fixture Splices

255 ;27%;

SUGGESTED
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no

Total -~

HOURS
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TASK LISTINGS
. ELECTRICITY

MODULE/TASK DESCRIPTION ;
UNIT 7.0 F TRIM OUT (FINISH) ELECTRICAL DEVICES (RESIDENTIAL)

7.01 {Connect Door Chime System)} Given components of basic
door chime system, low voltage power source, previously
roughed in wiring, basic tool kit, and necessary materials:
connect the door chimes system. Button at each location
must meet according to NEC {Ar. 725).

7.02 {Connect/Install Duplex Receptacle Qutlets) Given duplex
receptacle outlets, power source, previously roughed in
wiring; basic tool kit, and installation/electrical
materials; connest/install duplex receptacle outlets.

"+ Connections must be by appropriate methods and with
“M.connectors suitable for purpose. Finished outlets must
have correct polarity. Cover plate must be installed
straight, must cover opening, and fit flush to wall.
Receptacles must be mounted in a manner to present a

uniform appearance. Duplex receptacle outlet installa-
tion must meet NEC (Ar. 200-10, 200-11) and be to in~«
structor's (contractor's) standards.

o 7.03 (Connect/Install 240 Volt Four-wire Receptacle for Range
or Dryer} Given plans and specifications, manufacturer’s
data, power source, previously roughed in wiring,
receptacle, basic tool kit, installation/electrical
materials; lccate and connect 240 volt receptacles.
Connections must be made using materials and conductors
suitables for loads and conditions encountered. Installa-
tion must be to NEC requirements. OQutleis must supply
required voltages with correct polarity.

7.04 Install Ground Fault Interrupting Device {GFCI]} Given
a ground fault interrupting device for installation in &
bathroom, garage location, or shop, power source, previ-
ously roughed wiring, basic tool kit, and instaliation/
slectrical materials, 1lnstall the iype GFIC receptacle(s).
The GFCI must funciion to open the circuit when tested as
per manufacturer's instructions. Installation must meet
requirements outlined by the NEC (Ar. 210-8, and 680). _

7.05 {Connect Hot Water Heater) OGiven hot water heater with
plumbing connectioas made, power source, previously
voughed in wiring, basic tool kit, and electrical installa-
“ion materials; connect water
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7.06

7.07

7.08

7.09

7.10

heater to required voltage. Heater must btz grounded and
connections must be tight and insulated properly.
installation must be tp NEC (Ar. 422-14) and according to
manufacturer's specifications.

{Comect Low-Voltage Lighting Control} Given low-voltage
lighting control, power source, previously installed
wiring, basic tool kit, and installation/electrical
materials; connect low-voltage lighting control. Con-
nections must be made using methvds and connectors
required by the manufacturer and the NEC.

{Comect Moisture Resistance Receptacle) Given moisture
resistance cover plate and receptacle, power source,
previously roughed in wiring, basic tool kit, and
installation/electrical materials; connect moisture
resistance receptacle. Receptacle must be connected
using methods and connectors required by manufacturer and
NEC. The receptacle must be wired for correct polarity
#2d the connections must be tight.

(Comnect Single Pole Switch) Given single pole switch,
previously roughed in wiring and box, basic tecol kit, and
installation/electrical materials; connect the single

pole switch as required. Connections must be made using
methods and connectors required by NEC and the manufacturer.
Connections must be tight. 1Ipstallation must be to NEC

{Ar. 380). (NEC 250, 300, 310, 336, 344, 370, 380, 402,

and 410 arnly.)

(Connect Split Circui. Duplex Receptacle) Given duplex

_ receptacle that can be split wired, power source, previ-

ously roughed in cables and box, basic tool kit, and
installatio” /- lectrical materials; connect split circuit
duplex receptacle. Finished wiring must be supplied from
two -surces (120 volt legs, balanced}. The finished
installation must be to NEC, the polarity must be correct,
and the receptacle and cover must be flush with wall,
level across top, and cover wall opening.

{Connect Three-wire 240 Volt Receptacle} Given three~wire
240 (226, 230,240) volt receptacles, power source,
previously roughed in wiring, box, basic tool kit, &and
installation/electrical materials; congépt three-wire 240
volt-wall recepiacles Conaections must be made using
mat~rials and conductors required by specifications and
th. NEC with the wired receptacle supplied with the
correct voltage and polarity.
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7.11

7.12

7.14

(Connection Wires from Junction Box to Appliance/Electrical
Device} Given junction box, previously roughed in

wiring, power source, basic tool kit, and installation/
electrical materials; connect wires from junction box to
appliance. Wiring must be connected properly for appliance
or electrical device, according to the NEC, with proper
voltage supplies, correct polarity, and proper grounding.
Appliance/electrical device must operate correctly when
power 1s supplied.

(Connect 120/240 Circuits to Circuit Breaker Panel Using
Nonmetallic Cable) Given previously roughed in non-
metallic cables to circuit breaker panel for 120/240 volt
circuits, breaker panel with circuit breakers, basic tool
kit, and installation/ electrical materiais; connect 120
and 240 volt circuits to circult breaker panel. Cables
must enter panel approved-type connectors. Circuit

‘conducters must be attached to correct size breaker.

(Install/Connect Three-way Switches) Given a pair of
three-way switches, power source, previously roughed in
wiring and boxes, basic tool kit, and installation/
electrical materials; connect/install three-way switch.
The light device must ba controlled on or off from either
switch location. The cover plate must be straight, cover
the opening, and £it flush to the wall.

(Make Wire and Fixture Splices) Given power source,
installed cable, and roughed-in electrical devices, etc.,
basic tool kit, installation/electrical materials including
various types of solderless commectors (wire nuts); make
required splices. Splice must be made in outlet box

using connectors or other means suitable for fixtures
being installed. Splice must be mechanically strong and
insulated electrical to withstand applied voltage.

Splice must meet the requirement of NEC (Ar. 410-11,
410-23, and 410-32).
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UNIT 7.0 F TRIM OUT (FINISH)
. ELECTRICAL DEVICES

TASK 7.01 CONNECT DOOR CHIME SYSTEM

PERFORMANCE OBJECTIVE:
Given components of basic door chime system, low voltage power source,
previously roughed in wiring, basic tool kit, and necessary materials;
connect the door chime system. Buttons at each location must operate
the chime. Connection of door chime system must meet according to NEC
(Ar. 725).
PERFORMANCE ACTIONS:

7.0101 Review specifications.

7.0102 Locate installation point.

7.0103 Turn power off.

7.0104 Verify that power is off with electrical instrument.

’ 7.0105 Read manufacturer's inmstallation instructioms.
7.0106 Attach chime unit and buttons, etc., to structure.

7.0107 vake low-voltage wiring connections.

7.0108 Connect power and test system operation.

PERFORMANCE STANDARDS:

~ Comnect door chime system according to specifications, plan,
and NEC so that system operates correctly.

SUGGESTED INSTRUCTION TI'E:  See 7,06
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.02 CONNECT/INSTALL DUPLEX,
RECEPTACLE QUTLETS

PERFURMANCE OBJECTIVE:

Given Zaplex receptacle outlets, power source, previously roughed in
wiring, basic tool kit, and installation/electrical materials; connect/
install duplex receptacle outlets. Connections must be by appropriate
methods and with connectors suitable for purpose. Finished ocutlets must
have correct polarity. Cover plate pust be installed straight, must
cover opening, and fit flush to wall. Receptacles must be mounted in a
manner to present a uniform appearance. Duplex receptacle outlet
installation must meet NEC (Ar. 200-10-, 200-11) and be to instructor's
(contractor's) standards.

PERFORMANCE ACTIONS:
7.0201 Locate installation point.

7.0202 Turn power off.

7.0203 Using electrical test instrument, verify that power
is off.

7.0204 Cut conductor at wall box to leave 6 inches of free
conductor.

7.0205 Remove about 3/4 inch of insulation from each wire.

7.0206 Connect white conductors to silver or white ter-
minals of device.

7.0207 Connect black conductor to brass or gold colored
terminals.
7.0208 a. Grounding conductors must be securely conrected

together using approved means and fastened to
receptacle and to box as required.
k. For metal box, connect green grounding conduc~
tor and other grounding conductors to wall box.
¢. RECOMMENDED: For solid state device outlets,
such as those which may serve
computers, etc., nse ground
screw rather than greunding
chip.
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.02 CONNECT/INSTALL DUPLEX
_RECEPTACLE OUTLETS

PERFORMANCF ACTIONS (Con't.):
7.0209 Fasten outlet to wall box.
7.0210 Install cover plate.
7.0211 Turn power off.

7.0212 Test for correct polarity.

PERFORMANCE STANDARDS:
- Connect or install duplex receptacle ocutlets on 120 circuit,
according to NEC, so that polarity is observed and finished

installation {plate) is flush with wall, aligned, uniformed in
appearance, and to instructor’s standards.

SUGGESTED INSTRUCTION TIME: 1 Hour

RELATED TECHNICAL INFORMATION:

~ Polarity testing.




***TASK NO LONGER VALID: 6/84%%%

UNLT .0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.03 CONNECT/INSTALL 240 VOLT
,FOUR-WIRE RECEPTACLE FOR
RANGE OR DRYER

PERFORMANCE OBJXECTIVES:

Given plans amd specifications, manufacturer's data, power source,
previously roughed in wiring, receptacle, basic tool kit, installation/
electrical materials; locate and connszct 240 volt* receptacles.
Connections must be made using materials and conductors swuitable for
loads and conditions encountered. Installation must be to NEC require-
ments. Outlets must supply required \ ,ltages with correct polarity.

*240 = 220, 230 v

PERFORMANCE ACTIONS:

7.0301 Review plans, specifications, and, if available,
manufacturer's data plate.

7.0302 Location installation point.
7.0303 Turn power off.
7.0304 With electrical instrument, verify the power is off.

7.0305 Read manufacturer's installation instruccions if
available.

7.0306 Cut conductors at wall box to leave 6 inches of free
conductor.

7.0307 Remove approximately 3/4 inch insulation from each
conduztor.

7.0308 Connect grounding conductor {free or bare)} to ground
terminal.

7.0309 Connect one liuke conductor to one main terminal
{brass or gold).

7.0310 Connect remaining line conductor.
7.0311 Connect neutral conductor.

7.0312 Attach receptacle to wall box.
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***TASK NO LONGER VALID: 6/84*%*%%

UNIT 7.0 F TRIM OUT {(FINISH)
. ELEGTRICAL DEVICES
TASK 7.03 CONNECT/INSTALL 240 VOLT

FOUR-WIRE RECEPTACLE FOR
‘RANGE OR DRYER

PERFORMANCE ACTIONS (Con't.):
7.0313 Install cover plate.
7.0314 Turn power off.
7.0315 Check:
a. Polarity.
b. Voltage.
PERFORMANCE STANDARDS:
- Install/connect 240 volt four-wire receptacle for range or

other device ensuring that installation is to NEC, that
polarity and voltage are correct, and that job is to instruc-

. tor's standards.

SUGGESTED INSTRUCTION TIME:

RELATED TECHNICAL INFORMATION:

= Instruction in working with 240 volt circuits.

- NOTE: 4 wire cable may be replace with 3~wire cable for
training
~ NOTE: (Exception} 1981 NEC allows white neutral wire in

3-wire cable to be used a ground wire.

~ Connection of hot wires is made to receptacle terminals "X"
and "Y" with white (neutral, ground) wire connected to "W"
terminal.

- Range cable connects directly to SEP.

- Clothes dryer cable will be determined by the type (load)} of
dryer and may be from a 30 amp circuit with No. 10~2 w/ground
to a heavier cable and receptacle (such as 50 amp).

TASK EXTENSION:

~ Task must be extended to include: Water heater, clothes
. washers, e¢lectrical heater, etc.
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UNIT 7.0 F

TASK 7.04

TRIM OUT (FINISH)
ELECTRICAL DEVICES

INSTALL GROUND FAULT
_INTERRUPTING DEVICE (GFCI)

PERFORMANCE OBJECTIVE:

Given a ground fault interrupting device for installation in a bath
room, garage location, or shop, power source, previously roughed in
wiring, basic tool kit, and instzllation/electrical materizls; install
the type GFCI receptacle (s). The GFCI must function to open the
circuit when tested as per manufacturer's instructions. Installation
must meet requirements outlined by the NEC (Ar. 210-8, and 680).

PERFORMANCE ACTIONS:

7.0401
7.0402
7.0403

7.0404

7.0405
7.0406

7.0407

7.0408
7.0409
7.0410
7.0411

Read NEC requirements concerning GFCI.
Locate installation points.
Turn power off.

With electrical instrument, verify that power is
off.

Read manufacturer's installzstion instructions.
Locate circuit conductors to be protented.

Remove approximately 3/4 inch of insulation from
each conductor.

Connect GFCI device per manufacturer's instructions.
Install GFCI in box and attach plate.

Turn power on.

Test unit for:

a. Voltage.

b. Polarity.

c. Proper operation of GFCI by manufacturer’s
instruction.

PERFORMANCE STANDARDS:

~ Install GFCI receptacle per manufacturer’'s instruction accord-
ing to NEC and test for proper operation.
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UNIT 7.0F TRIM OUT (FINISH)
ELECIRICAL DEVICES

TASK 7.04 INSTALL GROUND FAULT
INTERRUPTING DEVICE (GFCI)
“(Con't.)

SUGGESTED INSTRUCTION TIME: 2 Hours

RELATED TECHNICAI, INFORMATION:

~ Training should include both:
4. Circuit breaker-GFCI.
b. Receptacle GFCI (Objective & actions described this
type.).

- Orientation to how GFCI receptacle installed as first recepta-~
cle in a circuit provides protection on all other receptacles
beyond it on circuit.

~ Orientation to Plug-in type GFCI and portable GFCI for uyse in
construction safety.
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UNLIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.05 CONNECT HOT WATER HEATER

PERFORMANCE OBJECTIVE:
Given hot water heater with plumbing connectiong made, power source,
previously roughed in wiring, basic tool kit, and electrical installa-~
tion materials; connect water heater to required voltage. Heater must
be grounded and connections must be to NEC {(Ar. 422-14) and accordingz to
manufacturer's specifications.
PERFORMANCE ACTIONS:
7.0501 Review specifications, manufacturer's data plate.
7.0502 Locate installation point.
7.0503 Turn power off.

7.0504 Using electrical instrument, verify that power is
off.

7.0505 Install cable connector {or conduit) in junction box
on water heater.

7 .0506 Connect cable to water heater and anchor as appro-
priate.

7.0507 Remove approximately 3/4 inch of insulation from
conducuors.

7.0508 Make connectiong according to code.

7.0509 Verify that the water heater tank has water in it
{full).

7.0510 Turn power on.

7.0511 Check power consumption using clamp on ampmeter.

7.0512 Install box cover plate heater cover.
PERFORMANCE STANDARDS:

- Connect hot water heater according to specifications, manu~-
facturer's data plate, NEC, so that heater is grounded and
proper voltage is furnished. Heater should have water in it
prior to turning on power. Check installation with clamp on
ampme ter.

SUGGESTED INSTRUCTION TIME: 3 Hours
266

240




UNIT 7.0 F TRIM OUT (FINISH)
. ELECTRICAL DEVICES

TASK 7.06 CONNECT LOW~VOLTAGE LIGHTING CONTROL

e

PERFORMANCE OBJECTIVE:
Given low-voltage lighting control, power source, previously installed
wiring, basic tool kit, and installation/electrical materials; connect
low=voltage lighting control. Connections must be made using methods
and connectors required by the manufacturer and the NEC.
PERFORMANCE ACTIONS:

7.0601 Review NEC and manufacturer's instructions.

7.0602 Locate installation point.

7.0603 Turn power oif.

7.0604 With electrical instrument, verify that power is

off.
. 7.0605 Connect power leads of low-vnltage control devices
to light fixture using suitable connectors.

7.0606 Connect low-voltage control lead to relays and
control switches as required to complete the wiring
of the low-voltage lighting control using suitable
connectors.

7.0607 Turn power on.

7.0608 Check for proper operation of low-voltage control
system.

PERFORMANCE STANDARDS:

~« Connect low=-voltage lighting control circuits using the proper
connectors and according to manufacturer's specifications and
NEC requirements.

SUGGESTED INSTRUCTION TIME: 3 Hours
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UNIT 7.0 F TRIM OUT (FINISH)
. ELECTRICAL DEVICES

TASK 7.07 CONNECT MOISTURE RESISTANCE
_RECEPTACLE

PERFORMANCE OBJECTIVE:
Given moisture resistance cover plate and receptacle, power source,
previously roughed in wiring, basic tool kit, and installation/
electrical materials; connect moisture resistance receptacle. Receptacle
must be connected using methods and connectors required by wanufacturer
and NEC. The receptacle must be wired for correct polarity and the
connections must be tight.
PERFORMANCE ACTIONS:

7.0701 Review plans, specifications.

7.0702 Locate installation point.

7.0703 Turn power off.

7.0704 With electrical instrument, verify that power 1s

. off.

7.0705 Review manufacturer’s installation instructions.

7.0706 Remove insulation from each conductor to length
reconmended.

7.0707 Connect conductor wires to proper terminals and
ground conductor as appropriate.

7.0708 Attach receptacle to housing. Verify that gaskets
or waterproofing materials are properly placed.

7.0709 Install protective covers/plates.
7.0710 Turn power on.
7.07%1 Check for proper polarity and voltage.
PERFORMANCE STANDARDS:
- Connect moisture resistance receptacle as required, ensuring

that proper methods and connectors are used and that polarity
is correct and installation and connections are tight.

. SUGGESTED INSTRUCTION TIME: 3 Hours
)
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.08 CONNECT SINGLE POLE SWITCH

PERFORMANCE OBJECTIVE:
Given single pole switch, previously roughed in wiring and box, basic
tool kit, and installation/electrical materials; connect the single pole
switch as required. Connections pust be made using methods and connec—
tors required by NEC and the manufacturer. Connections must be tight.
Installation wust be to the NEC {Ar. 380). (NEC 250, 300, 310, 336, 344,
370, 380, 402, and 410 apply.)
PERFORMANCE ACTIONS:

7.0801 Review plans and specifications.

7.0802 Locate installation point.

7.0803 Turn power off.

7.0804 With electrical instrument, verify that power is
off. . ’

7.0803 Remove about 3/4 inch »f insulation from each
conductor.

7.0806 Make wiring connec*tions to switch using terminals.
7.0807 Check that all connections are tight.

7.0808 Attach switch to box.

7.0809 Install cover plate.

7.0810 Turn power on.

7.0811 Check for proper operation.

PERFORMANCE STANDARDS:
~ Connect single pole gwitch in lighting circuit, ensuring that
connections are secure, and that installation is to code.

~ Performance process and product must be to instructor's
standards.

SUGGESTED INSTRUCTION TIME: 3 Hours
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UNIT 7.0F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.08 CONNECT SINGLE POLE SWITCH (Con't.)

RELATED TECHNICAL INFORMATION:

- NEC: 90, 100, 220-l11, 240 and above NEC articles.
- Safety.

- Proper use of tools.
- Stripping insulation from conductors.
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.09 CONNECT SPLIT CIRCUIT DUPLEX
.RECEPTACLE

PERFORMANCE OBJECTIVE:

Given duplex receptacle that can be split wired, power source, pravi-
ously roughed in cables and box, basic tool kit, and installation/
electrical materials; connect split circuit duplex receptacle. Finished
wiring must be supplied from two sources (120 volt legs, balanced). The
finished installation must be to NEC, the polarity must be correct, and
the receptacle and cover must be flush with wall, level across top, and
cover wall opening.

PERFORMANCE ACTIONS:

(NOTE: Review instruction for connecting split
240 circuit.)

7.0801 Review plans, specifications.
7.0902 Locate installation point.
7.0903 Turn power off.

7.0904 With electrical instrument, verify that power ig
off.

7.0905 Cut conductor at wall box so 6 inches of free
conductor remain.

7.0906 Remove about 3/4 inch of insulation from each
conductor,

7.0907 Remove break-off tabs from line side of receptacle
so it can be split wired.

7.0908 Connect whire or neutral conductor to silver or
white terminal.

7.0909 Connect one of the other supply conductors to one of
the brass (gold) terminals.

7.0910 Connect remaining supply conductor to remaining
brass {gold} terminal.
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UNIT 7.0 F TRIM OUT (FINISH)
. ELECTRICAL DEVICES

TASK 7.09 CONNECT SPLIT CIRCUIT DUPLEX
_RECEPTACLE

PERFORMANCE ACTIONS {(Con't.):

7.0911 Connect bare or green grounding conductor to green
terminal and to wall box if metal.

7.0912 Attach duplex receptacles to wall box.
7.0913 Install cover plate.
7.0914 Turn power on.

7.0915 Check to ensure that receptacle is supplied from two
sources.

7.0916 Check polarity.

PERFORMANCE STANDARDS:

- Connect split circuit duplex receptacle according to NEC so
receptacle is mounted securely, all connections are mechani-
cally and electrically secure, and circuit is free of electri-
cal hazards.

= Polarity must be correct and the two circuits must be supplied
from two sources.*

*Recommended that split 240 volt circuits have disconnect such as
two-pole circuit breaker to disconnect both hot wires at same time.

SUGGESTED INSTRUCTION TIME: 3 Hours

RELATED TECHNICAL INFORMATION:

- NEC 210.
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.10 CONNECT THREE-WIRE 240
_VOLT RECEPTACLE

PERFORMANCE OBJECTIVE:
Given three-wire 240 {220, 230, 240) volt receptacle, power source,
previously roughed in wiring, box, basic tool kit, and installation/
electrical materials; connect three-wire 240 volt wall receptacle.
Connections must be made using materials and conductors required by
specifications and the NEC with the wired receptacle supplied with the
correct voltage and polarity.
PERFORMANCE ACTION:

7.1001 Review plans, specifications.

7.1002 Locate installation point.

7.1003 Assemble materials.

7.1004 Turn power off.

7.1005 Using electrical instrument, verify that power is
off.

7.1006 Cut conductor at wall box to leave 6 inches of free
conductor.

7.1007 Remove approximately 3/4 inch insulation from each
conductor.

7.1008 Connect grounding conductor {(greem or bare) to
proper grounding terminal.

7.1009 Connect one of the line conductors to the brass
{gold) terminal.

7.1010 Connect remaining line conductor to other brass
{gold) terminal.

7.1011 Attach receptacle to wall box.
7.1012 Install cover plate.
7.1013 Turn power on.

7.1014 Check for proper voltage and polarity.
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.10 CONNECT THREE-WIRE 240
VOLT RECEPTACLE {(Con't.)

PERFORMANCE STANDARDS:

~ Connect three-wire 240 volt wall receptacle according to
specifications and NEC supplied with the proper voltage and
polarity,

SUGGESTED INSTRUCTION TIME: 3 Hours
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UNIT 7.0 TRIM 0BT {(FINISH)
ELECTRICAL DEVICES

TASK 7.11 CONNECTION WIRES FROM JUNCTION BOX
TO APPLIANCE/ELECTRICAL DEVICE

PERFORMANCE OBJECTIVE:
Given junction box, previously roughed in wiring, power source, basic
tool kit, and installation/electrical materials; connect wires from
junction box to appliance. Wiring must be connected properly for
apvliance or electrical device, according t¢ the NEC, with proper
voltage stpplies, correct polarity, and proper grounding. Appliance/
electrical device must operate correctly when power ig supplied.
PERFORMANCE ACTIONS:

7.1101 Review plan/specifications.

7.1102 Review manufacturer's instructions, data plate, or
specifications, if applicable.

7.1103 Locate installation point.
7.1104 Turn power off.

7.1105 With electrical instrument, verify that power is at
work point.

7.1106 Cut conductors at junction box to leave 6 inches of
free conductor.

7.1107 Run power cord from appliance/electrical device to
junction box, through approved cord connector.

7.1108 Remove approximately 3/4 inch of insulation from
each conductor.

7.1109 Make connections in junction box using correct
connector and methods of observing correct polarity.

7.1110 Install cover on junction boX.
7.1111 Turn power on for appliance circuit.
7.1112 Check for proper voltage and polarity.

7.1113 Check appliance/electrical device for proper
operation.
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ELECTRICAL DEVICES

. _UNIT 7.0 F TRIM OUT (FINLSH)

TASK 7.11 CONNECTION WIRES FROM JUNCTLION
BOX TC APPLIANCE/ELECTRICAL DEVICE

PERFORMANCE ACTIONS (Con't.):

7.1114 Turn appliance/electrical device off, if
appropriate,

PERFORMANCE STANDARDS:

- Connect electrical wires from junction box to appliance/
electrical device according to manufacturer's specifications
and NEC with proper voltage supplied, correct polariiy, and
proper grounding.

- Appliance or electrical device must operate correctly and be
left in correct operating mode (on/off, etc.).

SUGGESTED INSTRUCTION TIME: 6 Hours
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.12 CONNECT 120/240 CIRCUITS TO CIRCUIT
BREAKER PANEL USING NON-METALLIC
‘CABLE

PERFORMANCE OBJECTIVE:

Given previously roughed in non-metallic cable to circuit breaker panel
for 120/240 volt circuits, breaker panel with circuit bhreakers, basic
tool kit, and installation/electrical materials; connect 120 and 240
volt circuits to circuit breaker panel. Cables must enter panel through
approved-type connectors. Circuit conductors must be attached to
correct size breaker.

PERFORMANCE ACTIONS:
7.1201 Review plans and specifications.
7.1202 Locate SEP.

7.1203 Turn power off.

7.1204 With electrical instrument, verify that power is
off.

7.1205 Enter cables in SEP through approved connectors.

7.1206 Remove outer jacket from each cable to where the
cable enters the SEP.

7.1207 Identify each cable as to circuit it serves.
7.1208 Identify conductors in each cable.

(NOTE: I1f two~wire cables are to sarve 240 volt
circuits, the white wire should be taped
with black electrical tape to indicate it
is a hot line conductor (or it may be
marked red).

7.1209 Connect zll bare of green grounding conductors to
the grounding terminal bar.

7.1210 Connect 120 volt circuit white conductors to neutral
bar.

7.1211 Connect zl11 120 volt circuit black conductors to
single pole breakers of correct ampacity.
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UNIT 7.0 ¢

TASK 7.12

TRIM oUT (FINISH)
ELECTRICAL DEVICES

CONNECT 120/240 CIRCUITS TO CIRCUIT
_BREAKER PANEL USING NON-METALLIC
CABLE

PERFORMANCE ACTIONS (Con't.):

7.1212

7.1213

7.1214

. 7.1215

7.121%6

Connect 240 volt circuits to double pole breakers of
correct ampacity. .

(NOTE: Any split receptacle 240 volt lines should
be on double pole breakers for safety.)

Check imstallation for shorts/grounds (Using VOM or
other electrical instrument}.

After all circuits have checked satisfactory, attach
SEP cover.

Turn power on.

Check each circuit For proper voltage/polarity.

PERFORMANCE STANDARDS:

- Connect 120/240 volt circuits to circuit breaker panel (SEP)
using non-metallic cable roughed in through approved
connectors.

« Circuits must be protected by proper ampacity breakers and
installation must provide proper voltage/polarity as required
and meet NEC.

SUGGESTED INSTRUCTION TIME: 15 Hours
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.13 INSTALL/CONNECT THREE-WAY SWITCHES

PERFORMANCE OBJECTIVE:

+

Given a pair of three-way switches, power source, previcusly roughed in
wiring and boxes, basic tool kit, and installation/electrical materials;
connect/install three-way switch. The light device must be controlles
on or off from either switch location. The cover plate must be
straight, cover the opening, and fit flush to the wall.
PERFORMANCE ACTIONS:

7.1301 Review specifications and plans.

7.1302 Locate installation point.

7.1303 Turn power off.

7.1304 Using electrical instrument, verify that power is
off.

7.1305 Cut conductor at wall box{es) to leave & inches of
free conductor.

7.1306  Remove approximately 3/4 inch of insulation from
each conductor.

7.1307 Identify conductors.

7.1308 Connect source or hot lead to identified switch
terminal at one switch location.

7.1309 Connect travelers to either of other two switch
terminals.

7.1310 Connect switched leg to identified switch terminals
at second switch location.

7.1311 Connect traveler to either of other two terminals at
second switch location.

7.1312 Attach switches to wall boxes.
7.1313 Install cover plates.
7.1314 Turn power on.

7.1315 Test circuit for proper operation at both switch
locations.
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UNIT 7.0 F TRIM OUT (FINISH)
ELECTRICAL DEVICES

TASK 7.13 INSTALL/CONNECT THREE-WAY
_SWITCHES (Con't.)

PERFORMANCE STANDARDS:

- Install/connect three-way switches to control light device
previously roughed in,

~ The device must be contrelled on or cff from either switch
location.

- Cover plates must be installed straight, cover opening, and
fit flush to wall.

SUGGESTED INSTRUCTION TIME: 1 Hour
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UNIT 7.0 F TRIM OUT (FINISH)
. ELECTRICAL DEVICES

TASK 7.14 MAKE WIRE AND FIXTIURE SPLICES

PERFORMANCE OBJECTIVE:

Given power source, installed cable, and roughed-in electrical devices,
etc., basic tool kit, installation/electrical materials including

various types of solderless connectors {wire nuts); make required
splices. Splice must be made in outlet box using connectors or other
means suitable for fixtures being installed. Splice must be mechanically
strong and insulated electrical to wirhstand applied voltage. Splice
must meet the requirement of NEC (Ar. 410-11, 410-23, and 410-32).

PERFORMANCE ACTIONS:
7.1401 Locate splice point.

7.1402 Turn power off.

7.1403 With electrical instrument, verify that power is
off.

. 7.1404 Determine wiring connection to be made preserving
proper polarity.

7.1405 Remove about 3/4 inch insulation from each conductor.

7.1406 Connect conductors being spliced using wire nuts or
other approved connectors or methods.*

*NOTE: RECOMMENDED MINIMUM PERFORMANCE FOR
COMPETENCY :

a. Simple splice
b. Simple tap

c. Pigtail
d. Pixture splice (solid and stranded
wire)

e. Simple splice (stranded wire)

f. Simple tap (stranded wire)

g. Simple splice (solid wire to solid
wire component)

h. Wire to terminal lug

i. TWire to terminal post

i. Component to terminal post

k. Hook splice for soldering

. 7.1407 Check mechanically strength of connectioun.
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UNIT 7.0 F TRIM OUT (FINISH)
. ELECTRICAL DEVICES

TASK 7.14 MAKE WIRE AND FIXTURE SPLICES

PERFORMANCE ACTIONS (Con't.}:

7.1408 Tape or insulate connection to withstand applied
voltage,

7.1409 Check work, close junction box.

7.1410 Test circuit.

PERFORMANCE STANDARDS:

- Make wire and fixture splices as required so that installation
is mechanically strong, electrically insulated, meets NEC, and

operates correctly.
- Performance must be to instructor's process and product

standards.
. SUGGESTED INSTRUCTION TIME: 2 Hours

RELATED TECHNICAL INFORMATION:

« Identification and use of solderless connectors.

- Soldering.

- Use of split-bolt splice connectors for heavy wire.

- Proper techniques for crimping.

- Proper splicing techuniques (See 6 a-k FPerformance Actious).




WOTE:

UNIT 7.0 G

MAINTAIN LIGHTING/WIRING SYSTEM
(RESIPENTIAL)

Applicable in part to Commercizl/Industrial Electricity

Some task are omitted .from this unit because they are covered
satisfactorily within other units of this module. TFor example,
if the student has demonstrated competency in installing a

SEP, cable, and circuit breakers; it is assumed that recently
demonstrated competency 1s transferrable to servicing and
maintaining similar electrical systems.

Other tasks are omitted from this section because the secondary
electrical shops do not have training equipment or appliances
such as hot water heaters or furnaces needed for proper
instruction.

Consideration siiould be given to some instruction on mainte-
nance of such appliances as; water heaters, electric ranges,
electric heating systems, garbage disposals, and similar large
electrical appliances typical to residences.
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ELECTRICITY
. MAINTAIN LIGHTING/WIRING SYSTEM (RESIDENTIAL)
SUGGESTED INSTRUCTION TIMES

ELECTRICITY ) SUGGESTED
MODULE/TASK . HOURS
UNIT 7.0 G MAINTAIN LIGHTING/WIRING SYSTEM
(RESIDENTIAL)
. 7.01 Diagnose/Repair Florescent
Fixture Malfunction *
7.02 Diagnose and Repair/Replace
Incandescent Lighting *
7.03 Repair Water Heater *
7.04 Repair/Replace Frayed/Damaged
Service Cord *
7.05 Replace Fuse *
7.06 Replace Pilot Light (Lamp)
Bulb *
‘ 7.07 Test for Correct Voltage *
7.08 Troubleshoat 2 Branch Circuit *
7.09 Service Electrical Motor/
Appliance *
7.10 Install/Muintain *

Emergency Lighting
Total 60

* = See 7.10
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MODULE/TASK
UNIT 7.0 G

7.01

7.02

7.03

7.04

7.05

7.06

TASK LISTINGS
ELECTRICITY

DESCRIPTION
MAINTAIN LIGHTING/WIRING SYSTEM (RESIDENTIAL)

(Diagnose/Repair Florescent Fixture Malfunction) Given
basic tool kit and required parts, diagnose/ repair
faulty florescent fixture. Defective parts must be
replaced with equivalent parts and light must operate
properly when repair is made.

{Diagnose and Repair/Replace Incandescent Lighting)
Given basic tool kit, diagnose and repair faulty
incandescent lighting. Parts must be replaced with
approved equivalent parts and lights must burn properly
upon completed repair.

{Repair Water Heater)} Given a water heater that is not
supplying hot water, the basic tool kit, and recessary
repair parts; check out the water heater and repair it if
possible. All replacement parts must be equivalent to

the manufacturer's and the water heater must be equipped
with a pressure relief valve. When repairs are completed,
the water heater must heat at rated capacity and to the
temperature of the thermostat setting.

(Repair/Replace Frayed/Damaged Service Cord) Given
service cord which is frayed or damaged replacement cord,
hasic tool kit, and installation/electrical materials;
repair or replace frayed service cords. Insulating
materials and cord must Be required =ize and tvpe of
conditions encountered. Defective parts must be replaced
with equivalent parts. Repair or service cord must be
according to NEC {Ar. 400-7-8-9)}.

(Replace Fuse} Given assortment of fuses and basic tool
kit; replace fuses that have blown. The replaced fuse
must maet requirements of NEC (Ar. 240-7).

{Replace Pilot Light {Lamp] Bulb} Given appliance with
defective pilot light bulb, replacement pilot lamp, basic
tool kit, replace the bulb. The replacement bulb must
light correctly, be of proper size and voltage, and
indicate when appliance is working. All connections must
be tight and proper connectors, etc., must be used.
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7.07

7.08

7.09

7.10

(Test for Correct Voltage) Given power source and basic

test instrument, test for correct voltage. Voltage must

equal the data plate requirements of the same as supplied
by the power distributor for a given circuit.

(Troubleshoot a Brapch Circuit) Given a defective branch
circuit and the basic tool kit, troubleshoot a branch
circuit that is defective. The circuit must be checked
for an open ¢ircuit, short circuit, correct voltage,
correct polarity, and proper ampacity for circuit load.
All connections must be tight, and the voltage must be as
requirea and the circuit must function properly.

(Service Electrical Motor/Appliance} Given an electrical
motor or similar appliance, such as a furnace, basic tool
kit, and installation‘electrical materials; service the
electric motor. The motor must be cleaned of dust and
other foreign materials. Connections must be checked.
All bearings must be oiled and greased.

(Install/Maintain Emergency Lighting) Given wiring
diagram for emergency lighting system, basic tool kit,
and installation/electrical materials; install and
maintain emergency lighting system. Emergency lighting
wiring must be kept entirely independent of zll other
wiring and equipment. Emergency lights must operate
automatically when electrical power goes off. The
installation of emergency lighting must be according to
NEC (Ar. 700).
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UNIT 7.0 G

TASK 7.01

MAINTAIN LIGHTING AND WIRING SYSTEM
(RESIDENTIAL)

DIAGNOSE/REPAIR FLORESCENT FIXTURE
MALFUNCTION

PERFORMANCE OBJECTIVE:

Given basic tool kit and required parts, diagnose/repair faulty

florescent fixture.
parts and light must

PERFORMANCE ACTIONS:

7.0101

7.0102

7.0103

7.0104

7.0105
7.0106
7.0107
7.0108

7.0109

Defective parts must be replaced with equivalent
operate properly when repair is made.

Make preliminary analysis/diagnosis.
Check voltage with electrical instrument.

If bulbs are defective (burned out, flashing on/off,
or burning red for dark] at ends) replace them.

If bulbs are not defective, determine if unit is
self-starting or used separate starters. Replace
starters as appropriate.

If bulbs and starters are operative, turn power off.
Remove cover from fixture and check inside wiring.
Check/replace ballast.

Re~install cover.

Turn power on, test lighting.

PERFORMANCE STANDARDS:

~ Diagnose/repair fiorescent fixture malfunction, repairing, and
replacing defective parts as necessary so that light operates
properly when job is complete.

SUGGESTED INSTRUCTION TIME: See 7.10
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UNIT 7.0 G MAINTAIN LIGHTING AND WIRING SYSTEM
. (RESIDENTIAL)

TASK 7.02 DIAGNOSE AND REPAIR/REPLACE
_INCADESCENT LIGHTING

PERFORMANCE OBJECTIVE:
Given basic tool kit, and VOM, diagnose and repair faulty incandescent

lighting. Parts must be replaced with approved equivalent parts and
lights must burn properly upon completed repair.

PERFORMANCE ACTIONS:

7.0201 Remove and test bulb with ohmmeter, continuity
tester, in socket known to operate properly, etc.

7.0202 If bulb 1is good, using VOM, check voltage at fixture.
7.0203 If voltage at fixture 1s correct:
a. Turn power off.
. b. Remove fixture.
c. Repalr or replace fixture.

d. Re-install fixture.

7.0204 I1f voltage is incorrect, check for problem at source
(SEP) such as faulty breaker.

7.0205 If fault is not at SEP or fixture, check cable run.
7.0206 Check light function.
PERFORMANCE STANDARDS:
- Diagnose and repair/replace faulty incandescent lighting

fixture.
- Lighting must operate properly upon repair.

SUGGESTED INSTRUCTION TIME: See 7.10
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UNIT 7.0 G MAINTAIN LIGHTING AND WIRING SYSTEM
(RESIDENTIAL)

TASK 7.03 REPAIR WATER HEATER

PERFORMANCE OBJECTIVE:
Given a water heater that is not supplying hot water, the basic tool
kit, and necessary repair parts; check out the water heater and repair
it if possible. All replacement parts must be equivalent to the manu-
facturer's and the water heater must be equipped with a pressure relief
valve. When repairs are completed, the water heater must heat at rate
capacity and to the temperature of the thermostat setting.
PERFORMANCE ACTIONS:

7.0301 Turn power off.

7.0302 Remove access panel from water heater. Check that
power is off.

7.0303 Inspect wiring and terminal connections.
7.0304 If wiring is secure, turn Power on.

7.0305 Check for correct voltage at line terminals on high
limit control.

7.0306 If voltage is not correct, check power source.

7.0307 Check voltage at load terminals on high limit
control.

7.0308 If there is no voltage at load terminals, press
reset button on high 1imit control.

7.0309 If power is not restored, replace high limit
control.

7.0310 Check wvoltage at load terminals on thermostat.

7.0311 If correct voltage is pot present, replace
thermostat.

7.0312 Turn power off.

7,0313 Check heating element{s) using ohmmeter {shorts and
grounds).

7.0314 If element(s) is/are bad, replace following correct
procedures or outlined by manufacturer,
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UNIT 7.06G MAINTAIN LIGHTING AND WIRING
SYSTEM (RESIDENTIAL)

TASK 7.03 REPAIR WATER HEATER

PERFORMANCE ACTIONS (Con't.):

7.0315 Determine if pressure relief valve is in place.

7.0316 With servicable element(s) and operable components,
test unit for operation. (Check load with ammeter).

7.0317 Replace access panel.

PEKFORMANCE STANDARDS:

- Service water heater that is not supplying hot water making
the necessary repairs or replacing unit as required.

~ Replacement parts must be equivalent to the manufacturer's and
the unit include proper safety devices and operate to
specifications.

SUGGESTED INSTRUCTION TIME: See 7.19
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UNIT 7.0 G MAINTAIN LIGHTING AND WIRING
SYSTEM (RESIDENTIAL)

TASK 7.04 REPAIR/REPLACE FRAYED/DAMAGED
. SERVICE CORD

.

PERFORMANCE OBJECTIVE:

Given service cord which is frayed or damaged replacement cord, basic
tool kit, and installation/electrical materials; repair or replace
frayed service cords. Insulating materials and cord must be required
size and type of conditions encountered. Defective parts must be
replaced with equivalent parts. Rapair or service cord must be accord-
ingz to NEC (Ar. 400-7-8-9}.

PERFORMANCE ACTIONS:

7.0401 Turn power off. (Or, unplug line form outlet, if
' applicable.)

7.0402 vet rmine that power is off, using electrical
instrument.

7.0403 If cord is to be replaced, check size for current
load.

7.0404 Remove old cord from appliance and points of

. attachment,

7.0405 Attach new cord to appliance and secure ends of cord
in box, etc., leaving free ends for connections.

7.0406 Remove sufficient insulation from conductor ends for
connections.

7.0407 Connect ends of cable to existing wires or terminals
paying attention to proper polarity.

7.0408 Turn power on.

7.0409 Check circuit being served for required voltage and
polarity.

7.0410 Assure required operation of applianc..

PERFORMANCE STANDARDS:

- Repair/replace frayed, damaged, service cord so new/required
cord is servicable fur load and application. Performance
process and product wust meet instructor's standards.

. SUGGESTED INSTRUCTION TIME:  See 7.10
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UNIT 7.0 G MAINTAIN LIGHTING AND WIRING
. SYSTEM (RESIDENTIAL)
TASK 7.05 CEPLACE FUSEH

PERFORMANCE OBJECTIVE:

Given assortment of fuses and basic tc,i it replace fuses that have
blown. The replaced fuse must meet requirements of NEC (Ar. 240-E).
PERFORMANCE ACTIONS:

7.0501 Ask customer what caused fuse to blow. Determine if
fuse blew due to overload. .

7.0502 Chneck fuse size. Determine that proper size fuse
was being used.

7.0503 Turn power off serving fuse panel.

7.0504 Using fuse puller, remove fuse or unscrew fuse from
panel.
. 7.0505 Insert correct size and type of fuse for service and
circuit.

7.0506 Turn power onu.
7.0507 Check circuit for proper operation.
7.0508 If fuse repeatedly blows, calculate load on circuits
and balance as necessary to meet NEC or for safety.
PERFORMANCE STANDARDS:
- Replace blown fuse with proper type and size, checking circuit

te ensure that a proper load and balance is present and that
no unsafe conditions exist.

SUGGESTED INSTRUCTION TIME: See 7.10
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UNIT 7.0 G MAINTAIN LIGHTING AND WIRING
SYSTEM (RESIDENTIAL)

TASK 7.06 REPLACE PILOT LIGHT (LAMP) BULB

PERFORMANCE OBJECTIVE:
Given appliance with defective pilot light bulb, replacement pilot lamp,
basie tool kit, replace the bulb. The replacement bulb must light
correctly, be of proper size and voltage, and indicate when appliance is
working. All connections must be tight and proper connectors, etc.,
must be used.
PERFORMANCE ACTIONS:

7.0601 Assemble materials.

7.0602 Turn power off. Verify with electrical instrument.

7.0603 Remove Trequired plates to locate bulb.

7.0604 Replace buib with new one.

7.0605 Check work.

7.0606 Replace cover plates.

7.0607 Turn power on.

7.0608 Test operation of new pilot lamp.

PERFORMANCE STANDARDS:

- Replace defective pilot light bulb in given appliance using
proper size and voltage bulb.

SUGGESTED INSTRUCTION TIME: See 7.10
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UNIT 7.0 G MAINTAIN LIGHTING AND WIRING
SYSTEM (RESIDENTIAL)

TASK 7.07 TEST FOR CORRECT VOLTAGE

PERFORMANCE OBJECTIVE:

Given power source and basic test instrument, test for correct voltage.
Voltage must equal the data plate requirements of the same as supplied
by the power distributor for a given circuit.

PERFORMANCE ACTIONS:

7.0701 Locate circuit (line. receptacle, switch, etc.) to
be tested.

7.0702  Determine proper voltage.

7.0703 Turn circuit on at distribution box (SEP).

7.0704 Check wvnltage.

PERFORMANCE STANDARDS:

- Measure voltage at given point and determine if it is correct
for power supplied or for load.

~ Performance process and findings must be to instructor's
standards and voltage must be read correctly using proper
scale and appiication of voltmeter.

SUGGESTED INSTRUCTION TIME: See 7.10 ‘
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UNIT 7.0 G MAINTAIN LIGHTING AND WIRING
SYSTEM (RESIDENTIAL)

TASK 7.08 TROUBLESHOOT A BRANCH CIRCUIT

PERFORMANCE OBJECTIVE:

Given a defective branch circuit and the basic tool kit, troubleshoot a
branch circuit that is defective. The circuit must be checked for an
open circuit, short circuit, correct voltage, correct polarity, and

proper ampacity for circuit load. All connections must be tight, and
the voltage must be as required and the circuit must function properly. -

PERFORMANCE ACTIONS:
7.0801 Turn power off, as required.

7.0802 Locate power source and the route of the circuit to
be checked.

7.0803 Remove all cover plates.
7.0804 Check all connections.

5.0805 Check voltage with voltmeter at each outlet bagin-
ning as SEP.

7.0806 Check each outlet for correct polarity.

7.0807 If short, open, or faulty circuit has been iden-
tified; cut power off; check with ohmmeter, repair
as necessary.

7.0808 Replace all protective covers.

7.0809 Return power to circuit.

7.0810 Check operation.

PERFORMANCE STANDARDS:

-~ Troubleshoot a branch circuit for proper voltage and operation
and ampacity for circuit load.

SUGGESTED INSTRUCTION TIME: See 7.10
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UNIT 7.0 G MAINTAIN LIGHTING AND WIRING
SYSTEM (RESIDENTIAL)

TASK 7.09 SERVICE ELECTRICAL MOTOR/APPLIANCE

PERFORMANCE OBJECTIVE:
Given an electrical motor or similar appliance, such as a furnace, basic
tool kit, and installation/electrical materials; service the electric

motor. The motor must be cleaned of dust and other foreign materizals.
Connections must be checked. All bearings must be oiled or greased.

PERFORMANCE ACTIONS:
7.0901 Locate motor to be served.

7.0902 Read manufacturer's Instruction/service manual {or
service/data plate).

7.0903 Determine that power is off by checking conductor(s)
at point of connection {junction box)} using voltage

tester.

{NOTE: If checking motor controlled by thermostat
or other device, ensure that voltage has
been disconnected.) RECOMMENDED: Use
"POWER OFF" tag to ensure that power will
not be connected while unit is being
serviced.

7.0904 Remove protective covers as required.
7.0905 Clean motor of foreign matter.
7.0906 Check wiring connections.
7.0907 01l or lubricate as required.
7.0908 Replace all protective covers.
7.0909 Turn power on.
7.0910 Assure required operation of motor.
PERFORMANCE STANDARDS:

- Service electrical motor/appliance according to manufacturer's

requirements or proper maintenance practices, meeting instruc-

tor's standards for procedures followed.

SUGGESTED INSTRUCTION TIME: See 7.10
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UNIT 1.0 G MAINTAIN LIGHTING AND WIRING
SYSTEM (RESIDENTIAL)

TASK 7.10 (Optional) INSTALL/MAINTAIN EMERGENCY LIGHTING
(COMMERCIAL /INDUSTRIAL)

PERFORMANCE OBJECTIVE:
Given wiring diagram for emergency lighting system, basic tool kit, and
installation/electrical materials; install and maintain emergency
lighting system. Emergency lighting wiring must be kept entirely
independent of 2all other wiring and equipment. Emergency lights must
operate automatically when electrical power goes off. The installation
of emergency lighting must be according to NEC (Ar. 700).
PERFORMANCE ACTIONS:

7.1001 Review wiring plan,

7.1002 Make wiring connections according to manufacturer's
ingtructions.

7.1003 . Connect power to unit and assure required operation.

7.1004 Locate lighting so designated escape routes are
clesrly visable.

7.1005 Test periodically and service as necessary.

PERFORMANCE STANDARDS:

= Install and maintain emergency lighting system according to
NEC and manufacturer's specifications.

SUGGESTED INSTRUCTION TIME: 7.0l - 7.10 = 60 Hours
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ELECTRICITY

2ND YEAR

(Secondary Level)

This second year descriptions of the secondary level Electricity
Program consists of modules concerning Commercial Electrical Wiring
and Industrial Electrical Maintenance which is made up of units
concerning industrial wiring, controls, motors, and industrial
electronics.

Some tasks in the second year description may overlap with first
year tasks. Installing conduit is a good example. Conduit is
instzlled in the Residential Wiring module during the first year.
During the second year, conduit is included in the Commercial
Wiring module; however, the emphasis during the second year will be
on the commercial-industrial setting with different conductors
being pulled and with different considerations in the selection and
installation of conduit runs.




MODULE 8.0

. COMMERCIAL ELECTRICAL WIRING

The general goals of this commercial wiring module are to provide the
secondary electricity program graduate with skill competencies in the

following areas:

a. To be able to identify and follow engineered electrical plans.
b. To make electrical system changes either during or after

installation.

c. To understand the operation of typical electrical fixtures and
equipment associated with commercial electrical wiring and to
be able to troubleshoot and repair basic problems associated
with the equipment.
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ELECTRICITY
MODULE/TASK

Module 8.0
8.01
8.02
8.03

8.04

8.05
8.06

. 8.07
8.08
8.09
8.10

8.11
8.12
8.13

. * = Gee 8.04

ELECTRICITY
COMMERCIAL ELECTRICAL WIRING
SUGGESTED INSTRUCTION TIMES

COMMERCIAL ELECTRICAL VIRING
Identify and Read Electrical
Wiring Information on a Commercial
Floor Plan

Interpret Commercial Electrical
Wiring Installation Specifications

Construct an Electrical Floor Plan
for a Given Commercial Structure

Calculate Commercial Service
Entrance Requirements

Install and Secure Rigid Conduit

Install and Secure Thin~wall
(EMT) Conduit

Install and Secure Flexible
Conduit

Install ard Secure PVC Plastic
Conduit

Pull wire through conduit and
Terminate it

Install and Secure a2 Surface
Raceway

Install Conductors in Conduit
Install Telephone Raceway

Install a Commercial Single-
Phase Receptacle Outlet

Install Commercial Three-Phase
Circuit Receptacle

Install and Wire a Commercial
Lighting Circuit

300

SUGGESTED
HOURS

30

12

12

15

324




ELECTRICITY
MODULE/TASK

Install and Wire a Commercial
Standby Emergency Lighting
Circuit

Install and Wire a Commercial
Low-voltage Signal Communications
or Control Circuit

Calculate Total Commercial
Job Installation Costs

SUGGESTED
HOURS

{See 8.12)

N/A




MODULE/TASK
Module 8.0

8.01

8.02

8.03

8.04

TASK LISTINGS
ELECTRICITY

DESCRIPTIONS

COMMERCTIAL ELECTRICAL WIRING

{(Identify and Read Electrical Wiring Information on a
Commercial Floor Plan) Provided with a set of plans and
drawings for a commercial structure, identify the electri-
cal wiring installation information and interpret it to
(a) identify types of outlets and fixtures and locations,
(b) identify types and locations of special purpose
outlets, {(c) identify run locations, (d) identify size

and wattage of lighting outlets, and {(e) identify load
center location. Performance must be to the instructor's
standards.

{Interpret Commercial Electrical Wiring Installation
Specifications) Provided with a set of electric wiring
specifications for a commercial structure, determine the
following information; (a) outlets per circuit, (b) size
of wire, (c) size of boxes for telephone outlets, {(d)
wattage, voltage, and wire size for heating circuits, (e)
allowances for specified outlets/installations, (f)
gpecifications for mounting switches, receptacles, and
face plates, and (g) types of breakers/fuses and wire
size for service entrance. Interpretation of specifi-
cations must be to the standards of the ingtructor.

{Construct an Electrical Floor Plan for a Given Commercial
Structure) Given introductory level drafting training, a
dimensioned rough sketch for a commercial structure,
electrical wiring and component specifications, and
agreement for you to provide the electrical service {or
rewire a2 commercial structure such as a garage); draw a
commercial floor plan that is acceptable to the instructor
and that could be followed if the situation was real.

The drawing must include correct proportioning and
dimensioning with the required components in proper
locationg as represented by standard gsymbols and notations.

(Calculate Commercial Service Entrance Requirements)
Given building dimensions, a summary of branch circuits,
and total load requirements; calculate commercial gervice
entrance requirements. Determine requirements for the
type of service, the size of overcurrent protection, the
required feeder and branch circuit protection and the
cable size.
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8.05

8.06

8.07

. 8.08

8.09

8.10

{(Install and Secure Rigid Conduit) Provided with
installation requirements, rigid conduit, fasteners,
connectors, and the necessary tools and materials;
install and secure rigid conduit. The conduit and
fasteners must be mounted securely in the proper
locations, connections must be mechanically secure, and
bends must allow. for specified conductor £ill. The
installation must conform to NEC 246,247,

(Install and Secure Thin-Wall [EMT] Conduit)} Given
installation requirements, EMT conduit, fasteners,
connectors, and the required tools and materials; install
and secure EMT conduit. Conduit and fasteners must be
mechanically secure, and bends must allow for required
conduit fill. Installation must conform to NEC 345-6,
346-5, 347=10, 348-5.

{Install and Secure Flexible Conduit} Following installa
tion requirements provided and using given conduit,
fasteners, connectors, and the required tools and mate-
rials; install and secure flexible conduit. Flexible
conduit and fastaners must be mounted securely in proper
locations, connections must be mechanically secure, and
bends must allow conductors to bs used. {NEC 350-2,
350-3, 350-4)

{Install and Secure PVC Plastic Conduit} Provided with
instruction on handling PVC pipe, installation require-
ments, PVC conduit, fittings, glue, fasteners, connec-
tors, and the necessary materials and tools; install and
secure PVC plastic conduit. The conduit and fasteners
must be mounted securely in the proper locations, con-
nections must be mechanically secure and bends must allow
for the specified conductor fill. Installation must
conform to NEC 347 and local codes.

(Pull Wire Through Conduit and Terminate It) Given a run
of conduit needing wire inserted, 511 necessary hand
tools, materials, and equipment, pull wire through the
conduit and terminate the wire. Wire pulled through
conduit must be intact, with no breaks, and must be long
enough to allow for termination in appropriate boxes.

The installation must conform to all applicable articles
of the NEC.

{Install and Secure a Surface Raceway) Given a raceway
system plan and specifications, raceway, and conduit
required, junction boxes, outlet boxes, fasteners, and
other required materials and tools; install and secure a
raceway system. The raceway must be properly fastened
and, if appropriate, leveled, connections must be with
approved connectors, and the raceway must be grounded by
inherent design of mechanical joints or by applied
bonding means. {NEC 352)
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. 8.11

8.12

8.13

8.14

8.15

(Install Conductors in Conduit) Given specifications for
conductors, conductor wire, roughed in conduit, and all
necessary tools, equipment and materials to properly
install the conduit; install the required conductors in
the conduit. The installation must be according to
specifications, the insulation of the conductors must not
be damaged or skinned during installation, and the
installation must exceed the specified percent of conduit
fi11l. The installation must meet the Instructor's
standards.

{Install Telephone Raceway) Given a commercial structure
to be built, electrical/communications plan showing
planned telephone system, and specifications as well as
the required conduit, raceway, boxes, fasteners, and
other materials and tools; rough-in the installation.

The installation must be to the standards outlined by the
instructor (plans/specifications) and expected by the
telephone service.

{Install a Commercial Singie-phase Receptacle Outlet)
Provided with plans and specifications, receptacle, and
the required wire, connectors, tools, and materials;
install and wire a commercial single-phase receptacle
outlet. The receptacle outlet must be mounted securely
in its correct locations, connections must be mechani-
cally and electrically secure, and the outlet must be
free of electrical hazards. Conductor size and color
pust conform to wiring specifications.

{Install Commercial Three-phase Circuit Receptacle)
Provided with plans and specifications, proper recepta-
cle, and the necessary electrical wire, connectors,
materials, and tools; install and wire a commercial
three-phase receptacle outlet. The receptacle outlet
must be mounted securely in the proper location, con-
nections must be mechanically and electrically secure and
the circuit must be free of electrical hazards. The
outlet and circuit must provide the specified ampacity,
proper circult overcurrent protection must be used, and
the circuit must be adequately grounded. (NEC 210-7, 50,
52; 410-56)

{Install and Wire a Commercial Lighting Circuit)

Provided with plans and wiring specifications, fixtures,
controls, and the necessary wire, connectors, tools, and
materials; install and wire a commercial lighting cir-
cuit. Fixtures and controls must be securely mounted in
the proper location, connections must be mechanically and
electrically hazards. Fixtures must be the type spec-
ified in the lighting system plans.
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8.16

8.17

8.18

(Install and Wire a Commercial Standby Emergency Lighting
Circuit) Provided with plans and wiring specificacions,
receptacles, controls, and necessary wire, connectors,
materials, and tools} install and wire commercial standby
emergency lighting circuit. Receptacles and controls
must be mounted securely in their eccrrect locationms,
connections must.be mechanically and electrically secure,
and the circuit must be free of electrical haza.ds. The
circuit must have an adequate capacity and rating for the
emergency operation equipment connected to it and meet
specifications and plans.

(Install and Wire a2 Commercial Low-voltage Signal
Communications or Control Circuit) Given plans and
wiring specifications, switches, receptacles, junction _
boxes, relays and other components, and the necessary
wire, connectors, and tools} install 2 commercial low-
voltage signal communications or control circuit. The
receptacles, switches, and components must be mounted
securely in their correct locations, connections must be
mechanieally and electrically secure, and the circuit
nust be free of electrical hazards, and che conductors
must be the specified size and be installed without
damage to the insulation. The circuit must operate
without interference from power wiring circuits.

(Caleculate Total Commercial Job Installation Costs) Given *
plans, drawings, and wiring specifications for a small
compercial building; calculate the total commercial job
installation costs. Determine the cost of labor (using
instructor provided information); fixtures, receptacles,
controls, and related components wire, connectors, and
related hardware, and materials.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.01 IDENTIFY AND READ ELECTRICAL WIRING
INFORMATION ON A COMMERCIAL FLOOR
PLAN

PERFORMANCE OBJECTIVE:

Provided with a set of plans and drawings for a commercial strv~ture,
identify the electrical wiring installation information and imisrpret it
to (a) identify types of outlets and fixtures and locatioas, (b) identify
types and locations of special purpose outlets, (c) identify run loca-
tions, (d) identify size and wattage of lighting outlets, and (e)
identify load center location. Performance must be to the instructor's
standards.

PERFORMARCE ACTIONS:

8.0101 Review electrical symbols, especially those that are
found in commercial wiring system.

8.0102 Assemble a multi-page electrical wiring floor plan
and accompanying specifications.
. 8.0103

Interpret the electrical plan to determine:

a. Outlets, fixtures, aud their locations.

b. Special purpose outlets and their locatioms.
c. Run locations.

d. Size and wattage of lighting outlets.

e. Identify load center location.

8.0104 If required, identify type of service entrance such
as pad-mounted transformers, high~voltage,
pad-mounted enclosure supplying underground service
entrance, or underground vault.

PERFORMANCE STANDARDS:

— 1Identify and interpret electrical wiring installation informa-
tion and interpret it tc determine the following:
a. Types of outlets and fixtures and locations.
b. Types and locations of special purpose outlets.
c¢. Run locations.
d. Size and wattage of lighting outlets.
€. Load center location.
~ Apply National Electrical Code as necessary.
- Performance must be to the instructor's standards.

EUGGESTED INSTRUCTION TIME: See 8.04
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. MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.01 IDENTIFY AND READ ELECTRICAL WIRING
INFORMATION ON A COMMERCIAL FLOOR
_PLAN {Con't.)

RELATED TECHNICAL INFORMATION:

- Identify component parts of a commercial floor plan.

- Identify commercial electrical components and their symbols
and print notations.

- Explain commercial wall, ceiling, and floor construction as
they typically effect commercial wiring practices.

- Interpret dimensioning on plans.

- Apply applicable NEC sections.
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'Y0DULE 8.0 COMMERCTAL ELECTRICAL WIRING

TASK 8.02 INTERPRET COMMERCIAL ELECTRICAL
WIRING INSTALLATION SPECIFICATIONS

PERFORMANCE OBJECTIVE:

Provided with a set of electrical wiring specifications for a commercial
structure, determine the following information; {a) outlets per cir-
cuiz, (b) size of wire, (c) size of boxes for telephone outlets, {d)
wattage, voltage, and wire size for heating circuits, {e) allowances for
specified outlets/installations, (f) specifications for mounting
switches, receptacles, and face plates, and {g) types of breakers/fuses
and wire size for service entrance. Interpretation of specifications
must be to the standards of the instructor.

PERFORMANCE ACTIONS:

8.0201 Review given set of electrical plans and specifi-
cations for a commercial structure.

Determine:

a. Outlets per circuit.

b. Size of wire for runms.

C. Size of boxes for telephone outlets, etc.

d. Wattezge, voltage, and wire size for heating
circuits.

e. Special outlet or installation requirements.

f. Specifications for mounting switches, recepta-
cles, and face plates.

g. Overcurrent devices.

8.0202 Make a list of required materials for installation.

8.0203 Note any plan/specifications errors that must be
changed to conform to NEC: Make change recommenda-
tion{s).

PERFORMANCE STANDARDS:

- Using a given set of electrical wiring specifications for a
commercial structure, determine:
a. Qutlets per circuit.
b. Size of wire.
c. Size of boxes for telephone outlets.
d. Wattage, voltage, and wire size for heating circuits.
e. Allowances for specified outlets/installations.
f. Specifications for mounting switches, receptacles, and
face plates.
g. Circuit breaker or fuse equipments.
h. Size of service entrance wire.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.02 INTERPRET COMMERCIAL ELECTRICAL
WIRING INSTALLATION SPECIFICATIONS
{(Con’t.)

SUGGESTED INSTRUCTINON TIME: See 8.04

RELATED TECHNICAL INFORMATION:

- Identify component parts of a set of commercial wiring dia-
grams.

- Describe what information is included in notices sent to
contractors inviting a bid.

- Describe a bid, proposal, and an agreement.

~ Identify and interpret specialized wiring information and
component information in a given set of commercial specifi-
cations.

-~ Explain allowance for future growth in determining conductor
ampacity (NEC 310-16).
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MODULE

TASK

8.0 COMMERCIAL ELECTRICAL WIRING

8.03 CONSTRUCT AN ELECTRICAL FLOOR PLAN
FOR A GIVEN COMMERCIAL STRUCTURE

PERFORMANCE OBJECTIVE:

Given introductory level drafting training, a dimensioned rough sketch
for a commercial structure, electrical wiring and component specifi-
cations, and agreement for you to provide the electrical service {(or
rewire a commercial structure such as a garage); draw a commercial floor
plan that is acceptable to the instructor and that could be followed if
the situation was real. The drawing must include correct proportioning
and dimensioning with the required components in proper locations as
represented by standard symbols and notations.

PERFORMANCE ACTIONS:

8.0301 Assgsemble basic drafting tools provided by the
ingtructor.

8.0302 Review information given concerning electrical
requirement in commercial structure.

8.0303 a. Rough drawing on extra paper.
b. Complete finished drawing.

8.0304 Enter dimensions and notations.

8.0305 Check lines, symbols, dimensions, and notations.

PERFORMANCE STANDARDS:

Construct an electrical floor plan for a given commercial
structure {(situation) and electrical wiring and component
specifications. {For example, a typical gmall office or
rewire a small auto garage.)

The electrical plan must include correct proportioning and
dimensioning with the required components In proper locations
as represented by standard symbols and notations. While the
commercial electrician is not expected to be a draftsman, the
plan should communicate the work required, etc., to another
electrician.

The standards of the instructor must be met.

SUGGESTED INSTRUCTION TIME: See 8.04
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING
. TASK 8.03 CONSTRUCT AN ELECTRICAL FLOOR
PLAN FOR A GIVEN COMMERCIAL
STRUCTURE {(Con't.)

RELATED TECHNICAL INFORMATION:

-~ Orientation to drafting (possibly in conjunction with secon-
dary drafting programs).

- Demonstrate proper introductory drafting techniques, use of
drafting tools, etc.

~ Demonstrate proper use of lettering.

~ TIdentify and use "Alphabet of Lines" in the electrical plan.

~ Identify and draw common commercial electrical component
symbols.’

- Explain how to select positions for electrical installationms,
cutlets, etc., and how the symbols are located on the electri-
cal plan.
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MODULE 8.0 COMMERCTAL ELECTRICAL WIRING

. TASK 8.04 CALCULATE COMMERCIAL SERVICE
ENTRANCE REQUIREMENTS

PERFORMANCE OBJECTIVE:

Given building dimensions, a summary of branch circuits, and total load
requirements; calculate commercial service entrance requirements.
Determine requirements for the type of service, the size of overcurrent
rrotection, the required feeder and branch circuit protection and the
cable size.

Suggest: 120/240 volt, 3~phase, 4-wire Delta

PERFORMANCE ACTTONS:
8.0401 Review given information.
8.0402 Asgemble required materials such as NEC.
8.0403 Make load calculatioms:

’ a. Include general lighting loads.

b. TInclude special lighting loads such as decora-
tive, show window, night lights, emergency
lights, exit lights.

c. Include general purpose outlets.
d. TInclude specific purpose ocutlets.
e. Include motor loads.

8.0404 Total load requirements.

8.0405 Calculate commercial service entrance requirements.

PERFORMANCE STANDARDS:

- Calculate commercial service entrance requirements for given
information and identify the type of service, the size of
overcurrent protection, the required feeder and branch circuit
protection, and the cable gize.

- (Caleculations should be within 5 percent of predetermined
answer.

SUGGESTED INSTRUCTION TIME: 8.0l - 8.04 = 30 Hours
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.04 CALCULATE COMMERCIAL SERVICE
ENTRANCE REQUIREMENTS

RELATED TECHNICAL INFORMATION:

~ Identify and state function of service entrance components.

~ Explain how to perform calculations required for determining
the type of service, feeder size, overcurrent protection, and
the cable size. (Copper and aluminum cable.) -

~ Describe operation of branch circuitry.

~ Determine proper size of grounding conductor and select a
grounding method.

- Determine type of service entzance typically used with types
of small commercial installations: Pad-mounted transformer,
pad-mounted enclosure, underground vault, etc.

= Calculate required sizes of conductors for branch circuit,
feeder, and service entrance conductors allowing the standard
future growth factor (NEC 310-16).

-~ Define standard grounding method (NEC 250) and explain system
grounding (250-81).

~ Explain the value of and when GFP (ground-fault protection)
should be installed (NEC 230-95).

- Explain difference between GFP and personnel ground-fault
protection (G.F.C.I. or G.F.I.} used in residential wiring.

313 337




MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

. TASK 8.05 INSTALL AND SECURE RIGID CONDUIT

PERFORMANCE OBJECTIVE:

Provided with installation requirements, rigid conduit, fasteners,
connectors, and the necessary tools and materials; install and secure
rigid conduit. The conduit and fasteners must be mounted securely in
the proper locations, connections must be mechanically secure, and bends
must allow for specified conductor fill. The installation must conform
to NEC 246,247.

{NOTE: This task may be orientation/demonstration or may be a compe-
tency task depending on the electricity program equipment,
materials, and the time allocated for instruction.)

PERFORMANCE ACTIONS:

8.0501 Review installation requirements, make measurements.
8.0502 Determine rigid conduit, fasteners, and materials.
. 8.0503 Assemble materials, equipment, and tools.

8.0504 Select conduit and proper fittings and accessories
according to NEC 348. Select proper size conduit
for service. Select boxes for angle for U pulls
(NEC 370-18).

8.0505 Make required condujit bends:

a. Heat conduit (NEC 347-6).
b. Form bends {(NEC 347-13).
c. Cool conduif_Tﬁgg 347-5}.

3.0506 Install conduit according to NEC 345, 346, and 348
and prints and specifications.

PERFORMANCE STANDARDS:

- 1Install and secure rigid conduit according to given require-~
ments using materials, equipment, and tools provided.

- The installation must demonstrate proper use of fasteners,
mounting, and installation according to NEC 247.

. SUGGESTED INSTRUCTION TIME: 6 Hours
)
E ‘lC 314
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.05 INSTALL AND SECURE RIGID CONDUIT
{Con't.}

RELATED TECHNICAL TNFORMATION:

- Identify typical uses of rigid conduit (Permitted: NEC 347-2;
Not Permitted: 347-3).

~ Determine conduit size for specified conduit fills.

~ Determine conduit, connectors, and fasteners for specified
run.

- Explain/demonstrate how to measure, cut, bend, and connect
rigid conduit (NEC 347°

~ Determine number of bends allow for specified runs.

~ TIdentify safety considerations.
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MODULE

‘I' TASK

8.0 COMMERCIAL ELECTIRICAL WIRING

8.06 INSTALL AND SECURE THIN-WALL
(EMT) CONDUIT

PERFORMANCE OBJECIIVE:

Given installation requirements, EMT conduit, fasteners, connectors, and
the required tools and materials; install and secure EMT conduit.
Conduit and fasteners must be mechanically secure, and bends must allow
for required conduit fill. Installation must conform to NEC 345-6,
346-5, 347-~10, 348-5.

PERFORMANCE ACTIONS:

8.0601 Assemble EMT conduit and accessories required for
installation to meet prints/specifications.

8.0602 Make required bends according to recommended proce-
dures.

8.0603 Install EMT conduit according to print/specifi-
cations and NEC. Demonstrate use of typical raceway
support devices such as steel conduit clamps,
two-hole clamps, etec.

PERFORMANCE STANDARDS:

Install and secure EMT conduit in a given situation so that
the conduit and fasteners are mechanically secure, bends are
allow for fill, and the installation meets all applicable NEC
articles. -
Installation procedures and product must be to the instruc-
tor's standards.

SUGGESTED INSTRUCTION TIME: 12 Hours

RELATED TECHNICAL INFORMATION:

Identify characteristics of EMT.

Identify typical applications of EMT.

Determine conduit size for specified conduit fills (NEC 345-6,
346=5, 347-10, 348-5). T
Estimate EMT conduit and materials for specified instal-
lations.

Deseribe how to measure, cut, bend, and connect EMT {(Bends:
NEC 347-13, 348-9, 346~10; Reaming: 345~8, 346~7, 347-5,
346~11; Bends: 345~10, 346-10).




MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

. TASK 8.06 INSTALL AND SECURE THIN-WALL
(EMT) CONDUIT

RELATED TECHNTCAL TNFORMATION (Con't.):

- Determine bends allowed for specified runs (NEC 345-11,
246-11, 347-14, 348-10, 350-6).

- Describe how to mount/fasten EMT to supporting surface (NEC
345-12, 346-12, 348-12, 347-8) (345-3B, 346-~1, 348-1).
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MODULE 8.0 COMMERCTAL ELECTRICAL WIRING

. TASK 8.07 INSTALL AND SECURE FLEXIBLE CONDUIT

PERFORMANCE OBJECTIVE:

Following installation requirements provided and using given conduit,
fasteners, connectors, and the required tools and materials; install and
gecure flexible conduit. Flexible conduit and fasteners must be mounted
securely in proper locations, connections must be mechanically secure,
and bends must allow conductors to be used. (NEC 350-2, 350-3, 350=-4)

PERFORMANCE ACTIONS:
8.0701 Review requirements for the installations.

8.0702 Identify locatlons where flexible metal conduit and
liquid tight flexible conduit are required.

8.0703 Determine type of installation.

{Suggestion: For training, use flexible metal
conduit between & motor and junction
box and to switch. For training, use

o a liquid tight flexible connector to
a heat pump with location on simu-
lated outside pad.)

8.0704 Install flexible conduit according to procedures
taught, NEC, and manufacturer's recommendations.

PERFORMANCE STANDARDS:

- Install and secure flexible conduit according to given re-
quirements so that the conduit and fasteners are mounted
gsecurely in proper loccations, with mechanically secure con-
nections, and with bends which allow for the conductor to be
used.

- The installation must conform to the NEC and meet the instruc~
tor's standards.

SUGGESTED INSTRUCTION TIME: 3 Hours

RELATED TECHNICAL INFORMATION:
= Describe typical applications for flexible conduit.
- Identify applicable NEC sections.

~ Estimate the conduit, connectors, and fasteners required for
specified runs.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

. TASK 8.07

INSTALL AND SECURE FL.XIBLE CONDULT

RELATED TECHNICAL INFORMATION (Con't.):

~ Deseribe how to cut, bend, and connect flexible conduit.

~ Determine the number of bends allowed for specified runs.

- Explain/demonstrate methods of supporting flexible conduit
(within 12 inch box, + every 4.5 feet).
Describe/demonstrate how to ground flexible conduit.
Identify safety considerations.

- For Liquid Tight Flexible Metal Conduit: See NEC 3514,
351-5, 351-9, and 501-4b, 504, and 503-3.




MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.08 INSTALL AND SECURE PVC
PLASTIC CONDUIT

PERFORMANCE OBJECTIVE:

Provided with instruction on handling PVC conduit, installation require~
ments, PVC conduit, fittings, glue, fasteners, connectors, and the
necessary materials and tools; install and secure PVC plastic conduit.
The conduit and fasteners must be mounted securely in the proper loca-
tions, connections must be mechanically secure and bends must allow for
the specified conductor fill. Installation must conform to NEC 347 and
local codes. -'_

PERFORMANCE ACTIONS:

8.0801 Identify when polyvinyl chloride (PVC) rigid non-
metallic conduit should be installed.

8.0802 Determine the best method of installing fittings:
Threaded of slip-on.

8.0803 Demongtrate proper method of making PVC fittings
{(Task may be crientation if materials and budget do
not permit actual experience.)

8.0804 Demonstrate the proper method of installing a
grounding conductor to metal junction boxes.

8.08G3 Install PVC rigid nonmetallic conduit according to
instructions given and NEC 347.
PERFORMANCE STANDARDS:
~ Install and secure PVC plastic conduit using approved methods

and. conforming to applicable NEC or other codes.
— The installation must m.et the instructor's standards.

SUGGESTED INSTRUCTION TIME: 12 Hours

RELATED TECHNLCAL INFORMATION:

- Identify typical uses of PVC plastic conduit.

- Determine conduit size for specified conduit fills (NEC
347-10).

~ Determine amount of conduit, connectors, and fasteners
required for the specified run.
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MODULE

TASK

8.0 COMMERCIAL ELECTRICAL WIRING

8.08 INSTALL AND SECURE PVC
PLASTIC CONDUIT

RELATED TECHNICAL INFORMATION (Con't.):

e

Tell how or demonstrate the proper procedures for measuring,
cutting, bending, and connecting PVC plastic conduit (NEC
347-17).

Determine number of bends allows for the specified run(s}.
Tell how PVC plastic conduit is supported.

Describe the grounding of PVC plastic conduit.

Identify safety considerations.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.09 PULL WIRE THROUGH CONDUIT
AND TERMINATE IT

PERFORMANCE OBJECTIVE:

Given a run of conduit needing wire inserted, all necessary hand tools,
materials, and equipment; pull wire through the conduit and terminate
the wire. Wire pulled through conduit must be intact, with no breaks,
and mest be long enough to allow for termination in appropriate boxes.
The installation must conform to all applicable articles of the NEC.

PERFORMANCE ACTIONS:
8.0901 A LESS THAN 100 FOOT RUN:

{1} Push fish tape from box at one end of Tun out
through box at other end.

(2) Attach wire to fish tape and pull through
conduit leaving 6 inches of free wire in boxes
at ends.

(3) Proceed to step 4.

(4) Terminate circuit wiring bhoxes at each end run
of conduit.

(5) Inspect installation for conformity to NEC.

8.0902 B LONGER THAN 100 FOOT RUN:

(1} Insert pull wire in conduit.

(2) Insert jet-line nylon rope in conduit.

(3} Attach conductors to pull wire or rope and pull
conductors through conduit.

(4) Terminate circuit wiring in boxes at each end
run of conduit.

(5) 1Inspect installation for conformity to NEC.

PERFORMANCE STANDARDS:

- Pull wire through conduit and terminate it.

~ Wire must not be damaged and must be continuing lengths and
must conform to the NEC.

~ Performance must meet instructor's standards.

SUGGESTED INSTRUCTION TIME: 3 Hours
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8.0 COMMERCIAL ELECTRICAL WIRING

8.09 PULL WIRE THROUGH CONDUIT AND
TERMINATE IT {(Con't.)

RELATED TECHRNICAL INFORMATION:

-~ Lubricating conductors for long or tight pulls.

- Number of conductors allowed in conduit according to NEC.

~ Techniques of pulling wire through conductors {instructor
provided).
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.10 INSTALL AND SECURE A SURFACE RACEWAY

PERFORMANCE OBJECTIVE:

Given a raceway system plan and specifications, raceway, and conduit
required, junction boxes, outlet boxes, fastemers, and other required
materials and tools; install and secure a raceway system. The raceway
must be properly fastened and, if appropriate, leveled, connections must
be with approved connectors, and the raceway must be grounded by inherent
design of mechanical joints or by applied bonding means. (NEC 352)

(NOTE: This task may be for orientation purposes only if there is a
lack gf training equipment, materials, budget or allocated
time.

PERFORMANCE ACTIONS:

8.1001 Identify situations where a surface raceway might be
employed.

8.1002 Identify raceway components for part of a given

. system.

8.1003 Demonstrate proper techniques of installing surface
raceway components.

(NOTE: Task may be orientation if program mate-
rials and budget restrict hands-on activ-
ities.)

PERFORMANCE STANDARDS:

- Install and secure a surface raceway with proper use of
junction boxes, fasteners, and leveling, with cable supports
inside raceway, if required.

- 1Installation must be to NEC 354-~1 to 354-15, 352-1, 352-6.

~ Installation must be to the instructor's standards.

SUGGESTED INSTRUCTION TIME: 3 Hours

RELATED TECHNICAL INFORMATION:

~ T1dentify typical uses of raceway system.

- TIdentify and explain functions of typical components that
. might be used in raceway installations.

~ Describe raceway system requirements.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

. TASK 8.10 INSTALL AND SECURE A SURFACE RACEWAY

+

RELATED TECHNICAL INFORMATION (Con't.}:

- Identify applicable NEC standards.

~ Determine amount of raceway material and supplies.

- Describe/demonstrate methods of grounding by mechanical joints
and by applied bonding.

- Describe or demonstrate procedures for installing a surface
raceway, including mounting, connecting, and securing the
system.

= Review NEC 100 concerning multioutlet assemblies for power and
communications systems (commercial applications).
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.11 IN4TALL CONDUCTORS IN CONDUIT

PERFORMANCE OBJECTIVE:

Given specifications for conductors, conductor wire, roughed in conduir,
and all necessary tools, equipment and materials to properly install the
conduit; install the required conductors in the conduit. The Installa-

tion must be according to specifications, the insulation of the conduc-

tors must not be damaged or skinned during installation, and the instal-
lation must exceed the specified percent of conduit £ill. The installa~—
tion must meet the instructor's standards.

PERFORMANCE ACTIQNS:
8.1101 Determine conductors required for run.
8.1102 Measure conductor lengths.

8.1103 Pull conductors following procedures taught includ-
ing correct use of the fish tape.

8.1104 Strip insulation, prepare wire, and make required
connections using the best choice of wire connectors
from alternatives given by the instructor.

8.1105 Check installation of conductors to be surelthey
meet the standards of the instructor and NEC.

PERFORMANCE STANDARDS:

~ Install specified conductors in a given conduit, not exceeding
the specified percent of conduit fill, and not damaging or
skinning the insulation of the conductors.

SUGGESTED INSTRUCTION TIME: 6 Hours

RELATED TECHNICAL INFORMATION:

- Identify and determine conductor size for different applica-
tions (Tables 310-16, 310-17, 310-18, 310-19).

- Explain conduit fill (346-6, 347-11, 352-4, 348-6, etec.).

- Describe procedures to protect insulation from damage during
installation.

~ Determine ampacity of conductors.

-~ Describe/demonstrate procedures for installing conductors in
conduit.

- Identify safety considerations.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.12 INSTALL TELEPHONE RACEWAY

PERFORMANCE OBJECTIVE:

Given a commercial structure to be built, electrical/communications plan
showing planned telephone system, and specifications ag well as the
required conduit, raceway, boxes, fasteners, and other materials and
tools; rough~in the installation. The installation must be to the
standards outlined by the instructor (plans/specifications) and expected
by the telephone service.

PERFORMANCE ACTIONS:
8.1201 Review plans and specifications.

8.1202 Determine drops, hoxes and junctions, and conduit
(3/4 inches or larger depending on cable).

8.1203 Determine bends and offsets using greater minimum
radii or sweeps.

8.1204 a. Install fish tape in each conduit for commu~
nications contractor to pull.
b. Or, pull designated wire according to recom-
mended procedures {(if the electrical installa-
tion includes that service).

8.1205 Terminate conduit according to recowmended proce-
dures and specifications.

8.1206 Ground according to specifications and NEC 250-80,
and B800~1llc4.

PERFORMANCE STANDARDS:

- Install telephone raceway {and wiring if contracted) according
to plans and specifications following recommended procedures
that will satisfy the telephone company.

- The electrical contractor should check with Sputhern Bell
(AT&T, etc.) "Building Industry Consulting Service" for
specific engineering information and specifications.

SUGGESTED INSTRUCTION TIME: 3 Hours
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

. TASK 8.12 INSTALL TELEPHONE RACEWAY (Con't.)

RELATED TECHNICAL INFORMATION: .

- Installation of conduit.

- Grounding requirements (NEC 250-80, 800~11c4).

- Bending conduit for communications systems.

-~ 81izing conduit for communications systems.

= Terminating conduit runs.

~ Considerations for 1 level and multi-level.

« Terminating system for connection to telephone service
entrance.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.13 INSTALL A COMMERCIAL SINGLE-PHASE
RECEPTACLE OUTLET

PERFORMANCE OBJECTIVE:

Provided with plans and specifications, receptacle, and the required
wire, connectors, tools, and materials; install and wire a commercial
single-phace receptacle outlet. The receptacle outlet must be mounted
securely in its correct locations, connections must be mechanically and
electrically secure, and the outlet must be free of electrical hazards.
Conductor size and color must conform to wiring specifications.

PERFQIMANCE ACTIONS: (Specified actions will be recommended by
instructor.)

8.1301 Identify receptacle outlets that are required for
permanently connected, cord-and-plug connected,
fastened in place, and located on a specific circuit !
situation.

8.1302 Determine outlet current requirements, over current
protection, and wire size.

8.1303 Install the required receptacle outlet.

PERFORMANCE STANDARDS:

- Install a commercial single-phase receptacle outlet according
to plans and specifications, securely mounting the outlet in
the proper location, with the conductors mechanically and
electrically secure so that the outlet ig free of electrical
hazards.

-~ The conductor size and color must conform to wiring specifi-
cations.

SUGGESTED INSTRUCTION TIME: 3 Hours

RELATED TECHNICAL INFORMATION:

- Identify the symbol for - ~ingle-phase receptacle outlet.

- Identify types of receptacle outlet installations.

-~ Explain operation of single-phase receptacle out)cis.

- Determine type, size, and location of receptacl: outlets fiom
plans and specifications.

- Explain/identify color coding for commercial wiring.




MODULE

TASK

8.0 COMMERCIAL ELECTRICAL WIRING

8.13 INSTALL A COMMERCIAL SINGLE-PHASE
RECEPTACLE OUTLET

RELATED TECHNICAL INFORMATION (Con't.):

Determine size and color of conductors required for the
installation.

Explain purpose/operation of G.F.C.I.

Describe wiring methods of single-phase receptacle outlets.
Describe installation procedures for single—phase receptacle
outlets.,

Describe methods of grounding single-phase receptacle outlets.
Explain/demonstrate how to strip, prepare, and fasten stranded
wite.

Identify safety considerations.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.14 INSTALL COMMERCIAL THREE-PHASE
CIRCUIT RECEPTACLE

PEZFORMANCE OBJECTIVE:

Provided with plans and specifications, proper receptacle, and the
necessary electrical wire, connectors, materials, and tools; install and
wire a commercial three-phase receptacle outlet. The receptacle outlet
must be mounted securely in the proper location, connections must be
mechanically and electrically secure and the circuit must be free of
electrical hazards. The outlet and circuilt must provide the specified
ampacity, proper circuit overcurrent protection pust be used, and the
circuit must be adequately grounded. (NEC 210-7, 50, 52; 410-56)

PERFORMANCE ACTIONS: (Specified actions will be recommended by
instructor.)

8.1401 Determine receptacle requirements: Type receptacle
or box, wire size, disconnect switch, overcurrent
protection, starters, etc.

8.1402 Assemble materials.

8.1403 Install conduits and controls.

8.1404 Install branch circuit and control wiring.

8.1405 Complete connections.

8.1406 Check circuit.

8.1407 Connect to power source.

8.1408 Test circuit operation.

PERFORMANCE STANDARDS:

~ Install 2 commercial three-phase receptacle circuit and outlet
that is free of electrical hazards, provides specified
ampacity, includes proper circuit overcurrent protection, and
is adequately grounded.

-~ The outlet must be properly located and the installation must
comply with the NEC.

SUGGESTED INSTRUCTION TIME: 3 Hours
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.14 INSTALL COMMERCIAL THREE-PHASE
CIRCUIT RECEPTACLE {Con't.)

RELATED TECHNICAL INFORMATION:

- Identify symbol for three-phase receptacle.

- Match three-phase receptacle symbol with actual product.

— Explain operation of three-phase receptacle outlets.

— Determine type, size, and location of three-phase receptacle
outlets from plans and specifications.

- Explain current carrying capacity {conductors, etc.) {(210-21).

- Explain why a balance load 1is important,

- Describe how to balance a load in a three-phase system.

- Describe/demonstrate wiring methods for three-phase receptacle
outlet circuits.

— Describe installation procedures for three-phase receptacle
outlet circuits,

— Describe overcurrent protection for three-phase receptacle
outlet circuits,

— Identify safety considerations.

- Calculate (for 3% motor): circuit conductor size and type,
motor running overload protection, and branch circuit
over=current protection.
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MODULE 8.0 COMMERCTIAL ELECTRICAL WIRING

TASK 8.15 INSTALL AND WIRE A COMMERCIAL
LIGHTING CIRCUIT

PERFORMANCE OBJECTIVE:

Provided with plans and wiring specifications, fixtures, controls, and
the necessary wire, connectors, tools, and materials; install and wire a
commercial lighting circuit. Fixtures and controls must be securely
mounted in the proper location, connections must be mechanically and
electrically secure, and the lighting system must be free of electrical
hazards. Fixtures must be the type specified in the lighting system
plans.

PERFORMANCE ACTIONS:
8.1501 Review plan/specification requirements.
8.1502 Group lighting into branch circuits.
8.1503 Cémplete mateyials list.
8.1504 Assemble materisls required for casé demonstration.

8.1505 Install and operate a circuic demonstrating general
illumination, exit lights, night lights, show window
lighting, and emergency lighting (A separate task
concerning emergency lighting may be combined with
this task training).

8.1506 The interpretation of the plan and specifications,
installation planning and calculations, circuit
instgll.:zion and operation must be to the instruc-
tor's standards representing what a contractor or
owner would expect.

PERFORMANCE STANLCARDS:

- 1Install and wire and commercial lighting circuit according to
given plans and wiring specifications.

- The fixtures and controls must be securely mounted in the
proper location, connections must be mechanically and electri-
cally secure, and the lighting system must be free of electri-—
cal hazards.

SUGGESTED INSTRUCTION 1IME: 15 Hours
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MODULE

TASK.

8.0 COMMERCIAL ELECTRICAL WIRING

8.15 INSTALL AND WIRE A COMMERCIAL
LIGHTING CIRCUIT {(Con't.)

RELATED TECHNICAL INFORMATION:

Identify commercial lighting fixture symbols and patch them
with pictures or samples of the lighting fixtures and con-
trols.

Determine type, size, number, and location of fixtures and
controls from plans and specifications.

Explain operation of three-place and remote controls and low
voltage control systems.

Draw a commercial lighting circuit described by the instruc-
tor.

Describe wiring methods for commercial lighting systems.
Identify safety considerations.

Identify illumination {lumens) considerations for commercial
situations.

Calculate lighting branch circuit requirements for florescent,
exit, night, emergency, show window, and other lighting
requirements.
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MODULE 8.0 COMMERCTAL ELECTRICAL WIRING

. TASK 8.16 INSTALL AND WIRE A COMMERCTAL
STANDBY EMERGENCY LIGHTING CIRCUIT

PERFORMANCE OBJECTIVE:

Provided with plans and ‘siring specifications, receptacles, controls,
and necessary wire, connectors, materials, and tools; install and wire a
commercial standby emergency lighting circuit. Receptacles and controls
must be mounted securely in their correct locations, connections must be
mechanically and electrically secure, and the circuit must be free of
electrical hazards. The circuit must have an adequate capacity and
rating for the emergency operation equipment connected to it and meet
specifications and plans.

PERFORMANCE ACTIONS: (Instructor will identify minimum actions.)}
8.1601 Identify requirements for batiery powered lighting.

8.1602 Identify/describe the basic circuit of a battery
powered lighting device that is charged from the AC
line and operates on loss of AC power.

. 8.1603 Describe/demonstrate proper installation procedures
for emergency lighting devices. .

PERFORMANCE STANDARDS:

~ Install and wire a commercial standby emergency lighting
circuit according to plans and specifications.

=~ The components must be mounted securely in their corvect
locations, connections must be mechanically and electrically
secure, the circuit must be free of electrical hazards and the
circuit must have an adequate capacity and rating for the
emergency operation equipment counected to it.

SUGGESTED INSTRUCTION TiME: 3 Hours

RELATED TECHNICAL INFORMATION:

- Tdentify symbols for emergency lighting and related circuits.

-~ Explain operation of standby emergency lighting systems.

~ Tdentify sources of power used with typical emergency lighting
systems.,
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.16 INSTALL AND WIRE A COMMERCIAL STANDBY
EMERGENCY LIGHTING CIRCUIT

+

RELATED TECHNICAL TNFORMATION (Con't.):

~ Explain operation and use of battery power lighting, automatic
transfer controls, and central battery power.

SEE BELOW FOR SAMPLE CIRCUITS FOR EXPANDED TRAINING

EXPANSION OF TRAINING SUGGESTIONS:

~ Emergency power systems for community services, etc.

CHARGER-EMERGENCY LIGHTING CIRCUIT .

TEST

120v
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.17 INSTALL AND WIRE A COMMERCIAL
LOW-VOLTAGE SIGNAL COMMUNICATIONS OR
CONTROL CIRCUIT

PERFORMANCE OBJECTIVE:

Given plans and wiring specifications, switches, receptacles, junction
boxes, relays and other components, and the necessary wire, connectors,
and tools; install a commercial low-voltage signal communications or
control circuit. The receptacles, switches, and components must be
mounted Securely in their correct locations, connections must be mechani-
cally and electrically secure, the circuit must be free of electrical
hazards, and the conductors must be the specified size and be installed
without damage to the insulation. The circuit must operate without
interference from power wiring circuits.

PERFORMANCE ACTIONS:

8§.1701 Review plans and specification requirements.

8.1702 List components of the low-voltage control/signaling
system.

8.1703 Note NEC requirements governing the installation of
low-voltage systems.

8.1704 Demonstrate correct methods of component location
and installation (NEC 725):

a. Identify and relay leads.

b. Identify low voltage source primary/secondary.

c. Identify rectifier (if used) + and - terminals.

d. Identify the following color codes that may be
used in low-voltage circuits:

Red wire Relay on, Switch on
Black wire Relay off, Switch off
Blue wire Relay common

White wire Switch common

PERFORMANCE STANDARDS:

- Install and yire a commercial low voltage circuit designated
by the instructor so that receptacles, switches, and compo-
nents are mounted securely in their correct locations, are
mechanically and electrically secure, are free of electrical
hazards, are of the specified size for the installation, are
installed without damage to wire insulation or components, and
so the system operates without interference from power wiring
circuits.
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.17 INSTALL AND WIRE A COMMERCIAL
LOW-VOLTAGE SIGNAL COMMUNICATIONS OR
CONTROL CIRCUIT {(Con't.)

SUGGESTED INSTRUCTION TIME: (See 8.12)

RELATED TECHNICAL INFORMATION:

~ Review NEC articles, concerning low voltage systems: {Class
1, 2, & 3 ~ NEC 725; Communications -~ NEC 800; Fire - 760;
Less than 50 volts -~ 7203 Grounding -~ 250-5a).

— Identify low voltage component and circuit symbols.

-~ Exzplain operation of low voltage circuits.

~ Determine type, size, and location of low voltage components
from plans and specifications.

~ Describe/demonstrate installation methods for low voltage
systems.
Identify safety considerations.

SEE ADDENDUM BELOW )

.

LOW-YOLTAGE SYM30LS

o Remote Control Low Yoltage Wire

T Low-Yallage Transtormer
| == Rectier tor Remate Controt
Br Bor for Reavs and Motor Master Controls
R Remote Contrat Relay
| Roe Remoie Control pyiot Light Relay
~n Semula ot Light R Prate
P 0 Sefarate Puot Lognt Inl‘e: —E"t-a:; -
MS Mastts Seleceor Switcn

MM=r Motor Master Conteod for ON
MM e Yalor Master Cootrol tov OFF

S Switch tor Motor Masier

Srs RC flash Swatch

Sere RC Lecatorlight Swatch

Srs He, PiplLight Smich

S ke RC Kev Swlch

Sy £C Locator Lighl Fey Switch

Sks RC Plot Light Xey Swten

S RC Fogges Switch

Sre RE Locator LiBnt Trigger Smilch

Sra RC #odotLight Tngges Smich

S ra . | Inteschangeadie trigger Swih, Begwn

S Tnleichangeable Trigger Swilch lvory
-6 RO Remote Contror Receptacte toe Exiznisnn Spith
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MODULE 8.0 COMMERCIAL ELECTRICAL WIRING

TASK 8.18 CALCULATE TOTAL COMMERCIAL
JOB INSTALLATION COSTS

PERFORMANCE OBJECTIVE:

Given plans, drawings, and wiring specifications for a small commercial
building; calculate the total commercial job installation costs. Deter—
mine the cost of labor (using instructor provided information); fix-
tures, receptacles, controls, and related components wire, connectors,
and related hardware, and materials.

PERFORMANCE ACTIONS:

8.1801 Assemble information provided (specifications,
plans, drawings, and formulas which will be
required) as well as catalog or pricing data.

8.1802 Following recommended procedures for calculating the
installation costs of a commercial job.

PERFORMANCE STANDARDS:

- Calculate total commercial job installation costs including
wire, connectors, receptacles, fixtures, controls, and related
components/hardware.

- Include labor calculations based on information given by the
instructor.

~ Total calculations must be acceptable to the instructor.

SUGGESTED INSTRUCTION TIME: N/A Hours

RELATED TECHNICAL INFORMATION:

- Describe how to compile 2 list of materials.

- Describe how to estimate labor costs based on information
given by the instructor.

- Demonstrate proper use of parts catalogs.
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MODULE 9.0

INDUSTRIAL ELECTRICAL WIRING AND MAINTENANCE

This module is designed to introduce the secondary electricity student

to industrial wiring and maintenance fundamentals as well as to practical
industrial electrical installation procedures and troubleshooting. Upon
successfully completing the units of this module, the secondary graduate
should be better prepared to continue training at the post-secondary
level in Industrial Electricity/Electronics at Greenville Technical
College or successfully enter electrical maintenance work and a training
program in industry.

This module is organized around tasks that are reported to be similar to
those that might be experience in typical industrial settings.

Tasks that are included in other units in this Electricity Guide and
that would represent a duplication of training have been omitted from
thig module since a competency in those previously described tasks

should have been demonstrated.

This module, Industrial Electrical Wiring and Maintenance, consists of
the following units:

Unit 9.0 A Industrial Electrical Wiring

Unit 9.0 B Wiring Diagrams and Schematics

Unit 9.0 C Electric Motors

Unit 9.0 D Electric Controls and Devices

Unit 9.0 E Introduction to Industrial Electronics

The unit, Benchwork With Hand and Power Tools, should be considered as a
prerequisite to or as an integral part of thig Industrial Electrical
Wiring and Maintenance module.

NOTE: Some task objectives and schematics in this Industrial Electrical
Wiring and Maintenance module have been designed to make ‘ure of readily
available components and materials that may be recovered from industrial
salvage, discarded refrigerators or air.conditioners, etc., and which
can be used to help students gain knowledge and skills in working with
basic electrical circuits such as the installation and troubleshooting
of controls and motors.
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Standardz in this module are based on the following publications as well
. as on surveys of local industrial practices.

Alerich, Walter N., Electricity 3 DC Motors & Generators Controls
Transformers, 3rd Ed., Albany, NY: Delmar Publisher Inc., 1981.

Alerich, Walter N., Electricity 4 AC Motors Controls Alternators, 3rd
Ed., Albany, NY: Delmar Publishers Inc., 1981.*

Electric Motors, 5th Ed., Athens, GA: American Association for Voca-
tional Instructional Materials Engineering Center, 1982.

National Electrical Code, 1984, Quincy, MA: WNational Fire Protection
Association, 1983.

Rockis, Gary, and Glen Mazur, Electrical Motor Controls, Alsip, IL:
American Technical Publishers, Inc., 1982.%*

Smith, Robert L., Electrical Wiring-Industrial, Albany, NY: Delmar
Publishers Inc., 1982.

Summers, Wilford I. "Bill", ed., Analysis of the 1984 NEC, Quincy, MA:
National Fire Protection Association, 1983.

Summers, Wilford I. "Bill", ed., Soares' Grounding Electrical Dis-
tribution Systems for Safety, park Ridge, IL: International
. Association of Electrical Inspectors, 1981.

Wildi, Theodore, and Michael J. DeVito, Control of Industrial Motors,
Montreal, Quebec: Buck Engineering Co., Inc. (Lab-Volt), 1976.*

*pPublications followed by an asterisk are recommended &8s instructional
references and were used as guides in developing objectives, identifying

enabling actions, or as resources for schematics of diagrams.
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UNIT 9.0 A

INDUSTRIAL ELECTRICAL WIRING

The purpose of this unit is to introduce the secondary electricity
student to elementary principles of industrial electrical wiring such as
the unit substation, transformers, feeder bus systems, panelboards,
trolly busways, etc.

Because the secondary programs are limited in industrial type equipment
and materials, training generally will be of ar orientation type in this
unit. Task.objectives will emphasize "hands on" training that is
possible in existing programs.

Resources used to develop this guide include:

Smith, Robert L., Electrical Wiring-Industrial, Albany, NY: Delmar
Publishers, Inc., 1982.

Mullin, Ray C., and Robert L. Smith, Electrical Wiring-Commercial,
Albany, NY: Delmar Publishers, Inc., 198l.

Commercial Electricity - Unit 5, Natchitoches, LA: Louisiana Vocationzcl
Curriculum Development and Research Center, 198l.

Miller, Rex, Industrial Electricity, Peoria, IL: Charles A. Bennett
Co., Inc., 1978. -
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ELECTRICITY
. INDUSTRIAL ELECTRICAL WIRING
SUGGESTED INSTRUCTION TIMES

ELECTRICLTY SUGGESTED
MODULE/TASK . HOURS

Unit 9.0 A INDUSTRIAL ELECTRICAL WIRING

9.01 Plan and Perform Sitework for 6
Small Industrial Facility

9.02 Calculate Branch Circuit 9
Conductors and Overcurrent
Protection P

9.03 install Outlet, Junctions, 9
and Conduitlets ¢

9.04 Wire Transformers as 9
Required

9.05 Install and Wire a

Commercial Emergency Alarm
Circuit to Protect Workers

. Against Hidden Dangers
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MODULE/TASK
Unic 9.0 A
9.01

9.02

9.03

9.04

TASK LISTINGS
ELECTRICITY

DESCRIPTION
INDUSTRIAL ELECTRICAL WIRING

(Plan and Perform Sitework for Small Industrial Facility)
Given prints and electrical specifications for small
industrial facility, plan and perform sitework to include
the following:

a. Service locations

b. Service overhead/underground

c. Location of transformer(s)

d. Proper bank of transformer(s)

e. Correct service voltage

f. Determine conflicts with other utilities

(Calculate Branch Circuit Conductors and Qvercurrent
Protection} Given a floor plan of a commercial facility
(Building or service area), instruction and necessary
materials; calculate the size and type of branch circuit
conductors to be installed and the branch-overcuryen
protection for these circuits and show all work and list
material selecticn. All calculations must meet or exceed
loczl and national code standards. Performance must meet

_instructor's standards.

(Irstall Outlet, Junctions, and Conduitlets) Given a set
of prints showing panel and outlet locations, etc.,
condult, bender, and required tools, equipment, and
materials; accurately select the proper materials, mount
the required boxes and conduitlets, make the necessary
bends and install the conduit runs. All boXes, outlets
and fictings must be within 1/4 inch of specifications.
If required, install the branch circuit conductors and
make the required wiring connections for complete instal-~
lation of branch circuits, and operate and test ail
wiring. All work must meat to local and narional code
standards and the standards of the instructor.

(Wire Transformers as Required} Given instruction,
schematics of transformers that are to be used, schematic
of load requirement, and required materials; draw the
correct wiring arrangement for various transformers
configur stions and wire any or all of the various configu-
rations (or simulations) at the option of the

ingtructor.
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9.05 (Install and Wire a Commercial Emergency Alarm Circuit to

. Protect Workers Against Hidden Dangers) Provided with
plans and wiring specifications, receptacles, and the
necessary wire connectors, materials and tools; imstall a
commercial emergency alarm circuit. Components must be
mounted securely in their correct location, connections
must be mechanically and electrically secure, the circuit
must be free of electrical hazards, and the annunciator*
must be avudible above the normal noise level as specified
by OSHA,
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UNIT 9.0 & INDUSTRIAL ELECTRICAL WIRING

TASK 9.01 (Optional) PLAN AND PERFORM SITEWORK FOR SMALL
INDUSTRIAL FACILITY

PERFORMANCE OBJECTIVE:

Given prints and electriczl specifications for a small industrial
faeility, plan and perform sitework to include the following:

a. Service locations

b. Service overhead/underground

¢. Location of transformex(z)

d. Proper bank of transformer(s)

e. Correct service voltage

f. Determine conflicts with other utilities

PERFORMANCE ACTIONS:
9.0101 Plan sitework.

9.0102 Plan location and installation of service equipment
according to specifications ard NEC.

9.0103 Dztermine transformer hook-up and installation.

PERFORMANCE STANDARDS:

= From given prints and specifications and directions from the
instructor, plan and perform required sitework for a small
induetrial facility to include: .

a. Service locations

b. Service overhead/underground

¢. Location of tromeformer(s)

d. Proper bank € transformers

. Correct service voltage

. Determing conflicts with other utilities

La 130 -3

SUGGESTED INSTRUCTION TIME: 6 Hours

RELATED TECHNICAL INFORMATION:

~ Degeribe how to locate u:ilities on a building sice.

~ Identify: Property linss, locarion of building on plot plan.

~ Explain how to locate electrical service.

= Deseribe how to determine the voltage zand transformer bamk for
an industrial gervice (Vo'tage and KVA rating of transformers,
(transformers hook-up).

- Describe how to locate overhead and underground services.
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UNLT 9.0 A INDI;STRIAL ELECTRICAL WIRING

TASK 9.02 CALCULATE BRANCH CIRCUIT CONDUCTORS
AND OVERCURRENT PROTECTION

3

PERFORMANCE OZJECTIVE AND STAMDARDS:

Glven & floor plan of a commercial facility (building or service area),
instruction and necessary materlals; calculate the rize and type of
branch circuit conductors to be installed and the branch overcurrent
protection for these circuits and show 21l work and list material
selection. All calculations must meet or exceed loucal and national code
standards. Performance must meet iustructor's standards.

SUGGESTED INSTRUCTION TIME: 9 Hours

RELATED TECHNICAL INFORMATION:

= Calculate load on branch circuits.

- Determine conductors per branch circuit.

~ Determine overcurrent protection.

~ Select correct wire size.

~ Select proper type of conductors.

—- Make branch circuilt instai’ ation and connections as required.
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UNIT 9.0 A INDUSTRIAL RLECTRICAL WIRING

TASK 9.03 INSTALL OYTLET, JUNCTIONS, AND
CONT ITLETS

PERFORMANCE OBJECTIVE:

Giver a set of prints showing panel and outlet locations, etc., conduit,
bender, and required tools, eguipment, and materials; accurately select
the proper materials, mount the required boxes and conduitlets, nake the
necessary conduit bends and install the conduit runs. All boxes,
outlets and fittings must be within 1/4 inch of specifications. 1f
required, install the branch ~ircuit conductors and make the required
wiring connections for complete installation of branch circuits, and
operate and test all wiring. All work must meet to local and national
code standards and the standards ¢f the instructor.

PERFORMANCE ACTIONS: {To be clarified by given information.)

PERFORMANCE STANDARDS: .

- 1Install the necessary conduitlets and boxes For conduit runs
to specifications +/- 1/4 inch and that meets NEC and instruc-
tor standards.

SUGGESTED INSTRUCTION TIME: 9 Hours

RELATED TECHNICAL INTIRMATION-®

-~ Select boxes and conduitlets.

- Decide on the number of conductors per each.

~ Decide on the number of conduits per each.

-~ Decide on the outlet and junction locations.

~ Bend conduit.

~ Fasten or support conduit.

- Demonstrate use of: printe, electrical tools, conduit bender,
fish tape, etc.
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