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TR0 FCTION

V-TECS guides ars #v “xt¢ -*' =+ ar ~eatinuation of the V-TECS catalogs. While
the V-TECS catalog is & - npesitisn of dyties, tasks, performance objectives, and
performance guides, it: d&ais cuiy with the jsyehomotor aspect of an occupation. It is a
blueprint of an occupatios. 't deals only with the identification of the "hands on" aspect
of the occupation. - It dess a0t take in%o consideration such things as the background
information surroundimg 2 task, riizw to make inferences, generalizations and decisions
from a body of knowledge, nor d t deal with attitudes, job seeking skills, safety or
energy conservation practices  V-TECS guides take these aspects of teaching and
learning into considersil:

Experience has show! inat ¥he art of learning ean also be taught while teaching
subject matter. Peopi¢ need to learn how to learn. V-TECS guides take into
consideration how students learn and are an efficient way for instructors to assist them
" to learn.

. V-TECS guides are centered around all three domains of learning: psychomotor,
cogritive, and effective. The following is a brief explanation of each.

Psychomotor

Any manipulative skill suech as tightening a nut, replacing a hubecap, sharpening a
pencil, machining a key slot in a steel shaft, or replacing a SCR in a solid state control
panel are examples of manipulative or psychomotor skills. Tasks such as these are
identified in V-TECS catalogs. V-TECS catalogs also group tasks by duties and
objectives. Each performance objective has a performance standard which must be met
to prove student proficiency in the manipulative aspect of the task. The V-TECS
catalog, however, does not include any suggestions as to how to learn to do these tasks.

V-TECS guides are developed around psychomotor tasks which are worker
oriented.

Cognitive

To perform psychomotor tasks, students must think. To tighten a nut they must
know which way to turn it and when to stop turning it so that they won't strip the
threads or shear the bolt off. If replaecing a hubeap, there is a certain technique that
may vary from one car to another. For example, start the hubeap by placing the eap in
a tilted position and tapping it all the way around until it is properly seated. On a
different model, it may be necessary to position the hubcap and snap it all at once. At
any rate, students must think about what is being done. This is cognition or a mental
activity. Cognition is what goes on in the mind about any job being done. V-TECS
guides provide both the collateral knowledge and the impetus to apply ecognition to
psychomotor tasks.

Students gain cognition through both real and vicarious experiences. They may
read, view tapes, memorize or practice a process or procedure until they are certain of
it. To test their knowledge, students may be required to decide the proper procedure,
method or sequence for performance. This decision making precess or cognitive aetivity

provides the basis for higher thinking skills.




Cognition, then, is that process by whichiformatior= is stored and used. That
voice that warns one of potential dangers is cgition. Armything that goes on in the
mind is cognition. Students may become the peslworkers in their job; but if they fail to
think a process through and apply their experiice, they rmay become just one more
statistic. It is cognition that tells them to lodand tag c>ut the power supply to an
electrical apparatus before starting to repair it. fowever, eeognition does not apply only
to safety. Good cognition or thinking ecan help tployees @ © a job better and quicker.
V-TECS guides provide for the cognitive aspectsdlearning.

Affective

Curriculum writers, supervisors, and instmtors ofterm fail to assist students in
acquiring a positive attitude toward themselves, lleir jobs, t=heir school, or their fellow
students. V-TECS guides seek to provide assistaee to the i mstructor in achieving this.
It is diffieult for the instructor to identify little lis and piec-es of desirable behavior for
every unit and often harder yet to teach them. Ithis area, =students might be judged as
to how well they clean up their work area, whetir they showar up to do the job on time,
or whether they must be told several times to @something=. Potential employers are
interested in student attitude because personsugry at tEiemselves or uncertain of
themselves are often poor workers.

A student's ability to succeed on the firstjb and evee=ry job thereafter depends
largely on attitude. If, for example, students hagthe attitumde of "let someone else do
it," they could be in trouble. Students using V-~Ti(S guides =wwill have activities dealing
with how to get along with other students, supenisors, or st=aff members both in large
and small groups.
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USE OF V-TECS GUIDE

The guide is designed to provide job-relevant tasks, performance objectives,
performance guides, resources, learning activities, evaluation standards and
achievement testing in selected occupations.

A V-TECS guide is designed to be used with any teaching methods you may choose.
If a lecture/demonstration method is best for you, you will find sufficient help to meet
your needs. If you prefer to use discussions or other methods that require student
participation, you will find ample help. Regardless of which method is successful for
you, a V-TECS guide can save preparation time and offer innovative methods and
procedures. For example, students may work either alone or in teams while in class and
learn skills in direct relation to what is actually done on the job. This work also takes

into eonsideration student attitudes, thinking skills, and mathematical reading skills.

The use of small groups in teaching can be helpful in two ways: (1) many students
may feel inadequate due to their lack of background information in mechanical things; -
and (2) some students may feel that they are physically incompetent or lack the
necessary background experiences. A successful program (course) ean provide students
with a sense of security by reinforcing positive attitudes while improving skill and
knowledge of the subject. By allowing students to interact on a personal level, this
task/learner-centered approach can achieve this. As students gain confidence and
discover that they are an essential part of a team engaged in the learning-teaching
process, their confidence increases. Too, the student in this setting can learn to work
without direct supervision. In addition, use of the small-group method permits the
instructor to vary instructional routines away from lecture or other full-class methods
to activities for single students, pairs of students or any number so desired.

You will find suggestions for specific classroom activities. The aectivities are not
meant to restrict you or youf students, but only to suggest a variety of learning
activities for each task statement. Plezse do not feel that you must take your students
through all the activities.




ORGANIZATION OF TASKS FOR INSTRUCTION

This addendum provides a recommended sequence of the tasks which comprise the
performance-based curriculum for a unit of instruetion for House Electrician in South
Carolina. The organization of these tasks was accomplished by a committee whose
membership included the following eleetrieity instruetors: Johanny R. Fort, Bonneau
Vocational Center, and Reginald 8. Cross, Dorchester County Career Training Center.

Several tasks which fell below the 90% level were considered essential to the
curriculum in South Carolina and have been included in the list. The tasks which were
considered to be beyond the secondary level capabilities have been listed below the
"eut-off" point.

Using this list as the foundation for the performance-based curriculum, an
instructional unit can be developed for each task. The data provided in the form of
performance objectives and performance guides, for the majority of tasks; will prove to

be invaluable during the preparation of the instructional units. Please note, however,
that the lesson themselves are placed in the Teacher's Guide in an alphabetical manner.

Instructional
Sequence Task

Computing Service Loads
Balance the total load per phase

Calculate individual eireuit load

Calculate the load in watts and load current in amps for the entire residence
Compute the size of service entrance conductors

Design electrical systems

Determine how many convenience and appliance outlets should be on each
separate circuit

Determine ground fault eireuits required

Determine cost and practicality of underziround service via overhead; also
whether CT numbers should be used

1.9 Determine location of inside panels and boxes
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Rough in 120- or 240-volt eircuits to distribution panel using non-metallic
sheathed cable (N.M.C.) )

2.2 Conneet 240-volt eircuits to eircuit breaker panel using non- metallic sheathed
cable

2.0 Roughing in Feeders, Branch Circuit Cables, and Circuits
2.1

2.3

2.4 Rough in cable between an existing box and newly installed box

2.5 Install cable between an existing box horizontaily along an existing wall in a

channel behind a baseboard

2.6 Rough in cable or conduit for branch eircuits

2.7 Install de-icing equipment

2.8 Rough in the ecirecuit for a device controlled by two three way switehes with feed

to the switeh box :

2.9 Rough in the circuit for a device controlled by two three way switches with feed
to the device ocutlet box

2.10 Rough in the cirecuit for a device controlled by two three way switches and one

four way switeh (with feed to a three way switch)




Rough in the circuit for a device controlled by two three way switches and one

four way switch with feed to the device

Rough in the circuit for a device controlled by two three way switches and two

four way switehes with feed to a three way switch

Rough in the circuit for door chime system

Rough in the circuit for intercom system

Rough in line voltage thermostat wiring

Rough in low voltage thermostat wiring

Rough in non metallic eable in outlet boxes

Install pressure switch in existing wall

Rough in duplex receptacles circuit with two three way switches controlling one-

half of each of two duplex receptacles

Rough in cables for single pole switch controlling one or more lights or devices

with feed to a switeh box

2.21 Rough in cables for single pole switch controlling one or more lights/devices with
a feed to the light/device box

2.22 Rough in the circuit for a single pole switech controlling three lights/devices with

feed to the end light device box

23 Rough in the circuit for a spiit cireuit duplex receptacle

-24 - Rough in the ecircuit for two three way switches controlling one device using

conduit and 4" square boxes with plaster rings

2.25  Install conduit underground

2.26 - Rough in direct burial cable

2.27 Make fixture splice (Note: Consensus of writing team to move to Duty 1)

2.28

2.29

2.30
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Make joint using erimp type connectors (splices)

Make pigtail splice (joint)

Make splices using mechanical- type connectors (split bolt connectors, lugs, and
wire nuts)

Make up branch cireuit wires to panels

Make western union splice (joint)

Rough in a single pole switeh circuit

Run feeder cable from main service panel to auxiliary panel
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Installing Switch Boxes and Outlet Boxes

Install (bar hanger) mounted box

Install flush mount junetion box

Install flush mount switeh and outlet box in a drywall, lath or plaster wall, or
paneled wall

Install flush mount switeh and outlet box in a lath and plaster wall
- Install flush mount switeh and outlet box in a paneled wall

Install flush mount switeh in a masonry wall

Install gangable boxes

Install octagon outlet box

Install outlet boxes for receptacles and switches in existing wall
Install recessed fixture housing in ceiling

Install surface mount junetion box

Install underground, water tight, cast iron box
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Installing Lighting Fixtures

Connect delayed switch controlling one light with feed to switch
Install/econnect fan controlled by switech

Connect/install flood lights

Connect/install lighting dimmer system

Install/connect heat-a-vent light
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Connect incandescent lighting (fixture dimmer)

Connect/install light fixture

Install/connect photo-electrie control on a light

Connect/install post lights

Install/connect power failure lighting

Install ar incandescent lighting fixture dimmer

Install delayed switch controlling one light with feed tothe switeh
Install flood lights

Install fluorescent lighting fixture dimmer
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Install low-voltage lighting controls

Install/connect moisture resistant fixtures

Install/econnect pilot light to show when appliance is on

Install post lights

Install power failure lighting

Determine and install single pole light circuits, three wy light swi®=ches, and four
way light switches
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Ground service entram:e equipr’nent

Install circuit breakers in panel

Install main service panel

Install mast type (through the roof) service entrance
Install main service disconnect

Install/connect mobile home service

Install service entrance cable to service drop

Install temporary service entrance

Install underground service entrance

D00 =3 DN RN e R B e

Install/t:cmnect automatic garage tjom' ﬂperator
Connect convenience outlets

Connect de-icing equipment

Connect door chime system
Connect/install duplex receptacle outlets
Connect/install eleetrie fence charger
Connect/install emergency warning system -- burgler ofire
Connect/install four-wire 220~ volt receptacles
Install/connect ground fault interrupting device
Install/connect hot water heater

Conneet/install humidity control device

Connect intercom system

Connect low-voltage lighting control

Connect mobile home service

Connect moisture resistant receptacle
Install/connect photo-electric cell control

Connect pilot light

Connect pressure switeh in existing wall

Connect recessed fixture box in ceiling

Connect single pole switeh

Connect/install single pole switch with pilot light
Connect split cireuit duplex receptacle
Connect/install three wire 220- volt receptacle
Connect/install delayed action or time switeh
Connect water pump motor
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6.26 Connect wires from junction box to appliance
6.27 Connect/install three way switches
6.28 Connect/install four way switches
6.29 Install automatie garage door operator
6.30 Install electrie fence charger
6.31 Install emergency warning system (burglar or fire)
6.32 Install four wire %20-volt receptacles
3 Install ground fault interrupting device
Iistall hot water heater
Install humidity control device
Install photo-eleetrie control
Install single pole switeh with pilot light
Install surface raceway
Install water pump motor
Conneet 120/240-circuits to circuit breaker panel using non-metallic cable
41 Install 240-volt circuits to eircuit breaker panel using non-metalliec sheathed
. cable
6.42 Make fixture splice
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Maintaining Existing Wiring

Repair automatie control equipment
Repair fire alarm stations
Diagnose/repair fluorescent fixture
Repair heating system controls
Diagnose and repair/replace lights
Repair/replace relays and timers
Repair solenoids in door chimes
Repair stoker controls

Repair thermostat

Repair water heater

Install and maintain emergency lighting
Repair or replace frayed service cords
Repair/replace power failure (lighting)
Replace existing interior load center
Replace blower motor

Replace cable

Replace circuit breakers

Replace duct heating element
Replace electrie space heating equipment
Replace existing receptacle or switch
Replace float switches

Replace furnace motors

Replace fuses

Replace grounding electrode conductor
eplace heat cable in soil or concrete
lace links in fuses

lace pilot light bulb

Replace pump motors for a well
Replace service entrance

Replace transformer

Service electric motors

Test for correct voltage

Troubleshoot a braneh eircuit

Loading truck

)t bt Gk b b ot ok bk i € D0 =T Y AN e B DD fet &

Lol =TT = R W= TS Y S U — ]

i o B B e e e B R R R e e e S e R R

e I [ JEC P g
- L] L] - L] -
B |

B 00 B3 G0 O bO BO bO B3 BI B3 bO B
W a D e C3 €O 00 =3 Ob ON W 6 8O
s

e e B B EC R B PR )




CUT-OFF

Connect/install basement heat unit
Conneect ceiling heat cable to thermostat
Connect central electric heat

Conneeci furnace motor

Connect/install gas or oil fired heating unit
Conneet individual space heaters

Connect line voltage thermostat

Connect low voltage thermostat

Connect oil fired heating unit
Connect/install wall heater

Connect wiring for boiler control system -
Install baseboard heat unit

Install ceiling heat cable

Install central electrie heat

Install furnace motors

Install individual space heaters

Install wall heater

Calculate and record monthly/yearly operatig expenses
Develop budgets

Develop employee work schedules
Develop/maintain accounting system
Develop/maintain filing system
Develop/maintain payroll system
Establish and record pay scale and benefits for employegs =
Estimate cost of job

Terminate employee

Hire employee

Maintain time records

Negotiate credit

Obtain insurance

Order materials

Prepare payroll records

Raise capital

T.«e inventory of materials and tools
Write work orders

Make out materials list used on each job
Complete work orders
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DUTY:

COMPUTING SERVICE LOADS

PERFORMANCE OBJECTIVE V-TECS 01

TASK: Balance the total load per phase.

STANDARD OF PERFORMANCE OF TASK: Balance the totil _load per phase.

1§
zi
3§

8

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

A floor plan showing the basic wiring system.
A copy of the National Electrical Code.
A copy of the requirements from the authority having jir ¥ isdiction.

ENABLING OBJECTIVE(S):

1. Read and interpret residential blueprints.

2. Read and interpret the National Electrical Code.

3. Read and interpret local Code requirements.
RESOURCES:

Riehter. Practical Electrical Wiring. p. 211.
Kubala. Electricity 2., Unit 11.

TEACHING ACTIVITIES:

1. Explain the various uses for 115~volt and 230-volt eireits=s.

2. Explain the procedure for determining circuit ampeng—Ze using the ecireuit
wattage.

3. Have the students calculate sample problems involvingwasattage to determine
circuit amperage.

4. Demonstrate the procedure for determining phase loads

5. Have the students calculate sample problems in loadinge==ach phase equally.

CRITERION REFERENCED MEASURE:
Questions:
1. The eircuit voltage between each hot conduetor and the Z=srounded neutral bus

shall be:

a. 24-volts

b. 115-volts

c. 236-volts

d. 460-volts.

Branch ecircuits must be divided equally between the tw =0t econductors so as
to:

a. Balance load in service panel.

b. Assure enough voltage to each cireuit.

c. Be sure wires do not overheat.

d. Make sure the power panel is not overloaded.

What is the unit load per square foot for the geneml lighting load of a
residence?
a. 3 watts per square foot

b. 5 watts per square foot
a. 6 watts per square foot
d. 7 watts per square foot.



PERFORMANCE OBJECTIVE V-TECS 01 (Continued)

Answers

1i
Z@
Si

b
a
a

PERFORMANCE GUIDE:

1§

Omit all 240 volt cireuits from this ealeulation; i.e., range, water heater,
central heat, and air.

Make a list of all 120 volt circuits; i.e., lighting, small appliance, dishwasher,
ete.

Determine the wattage of all appliances being used or to be installed from
the manufacturer's data plate.

Calculate the wattage total per eircuit.

Divide the total wattage per circuit by the voltage of the cireuit to get the
ampere per circuit. (National Electrical Code, Chapter 9 —— examples and
tables).

Load each phase with an equal number of 120 volt eircuits based on
amperage.

Total each phase.

Compare totals to determine degree of balance.

If they do not balance, redistribute 120 volt loads on phases until
approximate balance is reached.

11



DUTY: COMPUTING SERVICE LGADS
PERFORMANCE OBJECTIVE V-TECS 02
TASK: Calculate individual eireuit load.

STANDARD OF PERFORMANCE OF TASK: The circuit load must not total more
than the allowed overcurrent device ratings or the current carrying capacity of
the eonductors. The ealculations of the individual ecircuit load must meet the
requirements as outlined by the National Electrical Code (Chapter 9, Example 1)
and the local authority having jurisdietion.

SOURCES OF STANDARD:
National Electrical Code. pp. 644-646

CONDITIONS FOR PERFORMANCE OF TASK:

1. A floor plan showing the basie wiring system.

2. A copy of the National Electrical Code.

3. A copy of the requirements from the autherity having jurisdiction.
4, Unit data plate ratings of items of equipment.

ENABLING OBJECTIVE(S):
1. Read and interpret residential blueprints.
2. Read and interpret the National Electrical Code.
3. Read and interpret local eode requirements.
4, Read and interpret manufacturer's data plate information.

RESQURCES:
Mullin. Eleetrical Wiring, Residential, Unit 3.
Kubala. Electriecity 2, Unit 11.
National Electrieal Code, 1981, Section 220.

TEACHING ACTIVITIES:
1. Discuss the branch circuit rating when the load is to be continuous. (National

3. Demonstrate the procedure for determining general lighting loads per square
foot of floor area.

4, Have the students calculate sample problems in which circuit wattage
to determine the number of circuits needed.

5 used

it

convenience outlet circuits are required.

Questions:
1. What is the unit load per square foot of floor area for a residence?
a. 3 watts
b. 4 watts
c. 5 watts
d. 6 watts

CRITERION REFERENCED MEASURE:

1R




PERFORMANCE OBJECTIVE V-TECS 02 (Continued)

2. The total lighting load in amperes is determined by dividing the wattage by:
a. The eireuit voltage
b. The voltage rating of the lights
c. The maximum allowable lamp voltage
d. The Code circuit voltage.

3. The Code states that receptacle outlets must be installed so that no point
along the floor line in any space is more than X feet, measured horizontally,
from an outlet in that space.

a. 4
b. 5
c. 8
d. 8

Answers:

1. a

2. a

3. c

PERFORMANCE GUIDE:

1. Make a list of all possible equipment that is used at one time on an individual
ecireuit.

2. Determine the wattage of all appliances being used or to be installed from
the manufacturer's data plate.

3. Total the wattage on that line.

4. Divide the total wattage by the applied voltage to get the total amperage for
the circuit load.

5. For light and econvenience outlets not calculated as above, allow 1% amps per
outlet.

13
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DUTY: COMPUTING SERVICE LOADS

PERFORMANCE OBJECTIVE V-TECS 03

TASK: Compute the size of service entrance conductors.

STANDARD OF PERFORMANCE OF TASK: The total calculated load must
include all cireuits to be installed. The calculation of the size of the service
entrance conductors must meet the requirements as outlined by the National
Electrical Code (Article 220 and tables in Chapter 9) and the loecal authority
having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
2.
4.

A floor plan showing the basie wiring system.

A copy of the National Eleetrieal Code.

A copy of the requirements of the authority having jurisdiction.
The unit data plate ratings.

ENABLING OBJECTIVE(S):

1.
2.
3.
4.

Read and interpret residential blueprints.
Read and interpret the National Electrical Code.
Read and interpret local Code requirements.

RESOURCES:
Richter. Practical Electrical Wiring, Chapter 13.
Mullin. Electrical Wiring, Residential, Unit 28.

TEACHING ACTIVITIES:

1§

]
w

W
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Explain the computation of the general lighting load using the unit load per
square foot.

Explain the procedure used to determine the minimum number of branch
cireuits required for general lighting, small appliance and laundry loads.
Demonstrate the procedure for calculating the major appliance loads.
Explain the procedure for determining the minimum size feeders required for
the total eomputed load.

Discuss how to determine the minimum size service neutral uging the
derating factor in the Code.

Have the students calculate sample problems in determining feeder and
service neutral sizes.

CRITERION REFERENCED MEASURE:
Questions:

1‘

Small appliance branch circuits shall be rated at:
a. 15-amperes
b. 20-amperes
a. 25-amperes
d. 30-amperes.

ot
-
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PERFORMANCE OBJECTIVE V-TFCS 03 (Continued)

2. The Code requires a minimum of small appliance cireuits.
a. 2
b. 2, plus one 20-ampere laundry circuit
. 3
d. 2 split eircuits
3. An electrie range has a rating of 12 kw, the computed load would be:
a. 12 kw.
b. 10 kw.
c. 8 kw.
d. 80% of rated kw,
Answers
1. b
2. b
3. c

PERFORMANCE GUIDE

1.
2.
3.
4,
5.
6.

Calculate the general hghtmg 1cad.

Calculaté the small appllanee lcad.
C‘Laleuiate the laundry laad,

Galculate thé Elfc:-ult loads af the rna;cr appllances (range, central heat, and
air conditioner).

Total all eircuit wattage load for the total wattage of the house.

Divide the total wattage by the applied voltage to get the total amperes.
Derate according to Chapter 9, National Electrical Code.

After determining the total amperes for the load, use the appmpnate table

from the National Electrical Code to determine entrance cable gize.
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DUTY: COMPUTING SERVICE LOADS
PERFORMANCE OBJECTIVE V-TECS 04

TASK: Determine how many convenience and appliance outlets should be on each
separate circuit.

STANDARD OF PERFORMANCE OF TASK: In all installations the number of
circuits must be sufficient to supply the load served. The number of convenience
and appliance outlets must meet the requirements as outiined by the National
Electrical Code (Artiele 220, Example 1, Chapter 9) and the local authority having
jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 40-52, 644-646

CONDITIONS FOR PERFORMANCE OF TASK:

A floor plan showing the basiec wiring system.
ENABLING OBJECTIVE(S):

1. Read and interpret residential blueprints.

2. Read and interpret the National Electrical Code.

3. Read and interpret local Code requirements.
RESOURCES:

Mullin. FEleetrieal Wiring, Residential. Unit 3.
Riehter. Praectical Electrical Wiring, pp. 204-211.

TEACHING ACTIVITIES:

1. Explain the derating of each branch eircuit to insure safety.

2. Have the students calculate the rating of each required branch circuit using
a sample floor plan.

3. Demonstrate the procedure for determining the number of convenience
outlets per circuit using 1.5-amperes per outlet.

4, Explain the Code requirement for small appliance circuits and their uses.

5. Have the students identify the 120-volt branch eireuits required by the Code.

6. Have the students list the 120-volt circuits using a sample residential floor
plan.

CRITERION REFERENCED MEASURE:
Questions:
1. The Code requires at least ____ small appliance circuit(s) in each residence.

a. 2, 10-amperes
b. 3, 15-amperes
c. 2, 15-amperes split cireuits
d. 1, 29-amperes

16
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PERFORMANCE OBJECTIVE V-TECS 04 (Continued)

2.

Appliance outlets installed in a dwelling unit for laundry equipment, shall be
installed within feet of intended location of the laundry equipment.

a. 4

bi S

c. 8

d. 12

A dwelling having a living area of 2000 square feet, would require a minimum
of ___s lo-ampere lighting circuits.

a.
b.
c.
d.

T e S

Answers:

1!
2.
3§

a
b
d

1.

2,‘

Allocate a minimum number of appliance circuits according to the National

Eleectrical Code.

Choose each ecircuit and follow the procedure below for determining the

number of receptacle outlets required:

a. Determine the individual branch circuit amperages.

b. Take 80% of total branch circuit amperages.

c. Divide the answer in step b by 1.5 to determine the number of outlets
per cireuit.

Identify required convenience/appliance outlets per circuit.

NOTE: Refer to National Electrical Code Article 220-2c (5).

17
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INSTALLING ELECTRICAL ENVIRONMENTAL
CONTROL COMPONENTS
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DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS
PERFORMANCE OBJECTIVE V-TECS 05
TASK: Connect/install baseboard heat unit.

STANDARD OF PERFORMANCE OF TASK: The installed baseboard unit must be
level, without damage to unit and surrounding structures. The eccanection of
baseboard heat units must meet the requirements as outlined by the National
Electrical Code (Article 300 and 424) and the loeal authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 113-122, 290-302.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Electric baseboard heat unit

2. Power source
3. Previously roughed in wiring

4.  The basie tool kit
5. Installation/electrical materials

ENABLING OBJECTIVE(S):
1. Identify the terminology used with baseboard electric heat units.
2. Read and interpret information given in the National Electrical Code.

RESOURCES:
Alerich, Eleectrical Construction Wiring, pp. 215-219.
Mullin, Electrical Wiring Residential, pp. 197-199.
National Electrical Code, 1981, Articles 424.

1. Instruet the student to read Electrical Construction Wiring, pp. 215-219,
Electrical Wiring Residential, pp. 197-199, and National Electrical Code,
Article 424,

2. Discuss the different types of baseboard units.

3. Identify the different types of wall texture.

4. Demonstrate the use of a stud finder.

5. Have the student practice finding the stud.

6. Explain the reasons for securing the mounting screws into the stud.

Questions:
1. The electrical baseboard heat unit should be installed:
a. On an inside wall
b. Below receptacle outlets
c. On an outside wall
d. Supported with strapping.
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PERFORMANCE OBJECTIVE V-TECS 05 (Continued)

2. What type of insulated wire is used to connect baseboard heaters?
a. W
b. TFN
c. THHN
d. THWN.

3. What is the average recommended watts per square foot in heating
calculations?

a. 1.5
b. 10-12
c. 3
d. 15
Answers:
1. c
2. a
3. b

PRACTICAL APPLICATION:
Install and secure a baseboard heater. The heater should be level and firmly
secured to the wall studs. The heater must operate satisfactorily through a
complete heat cycle.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Performance Guide Checklist Objective 05 to determine if the assignment was
completed with at least 90 percent accuracy.

PERFORMANCE GUIDE:
1. Locate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.
4. Read the manufacturer's installation instructions.
5. Remove heat unit from housing, if required.
6. Attach wiring to housing.
7. Place temporary spacer approximately one inch thick under each end of
heater to allow for later installation of floor covering.
8. Attach housing to wall. Use a level to verify that unit is level.
9. Remove spacer.
10. Replace heat unit in housing, if unit was removed.
1. Identify conductors, make connections ineluding equipment ground.
12.  Check circuit to see if it is free of grounds using an ohmmeter.
13. Install junetion box cover and all trim hardware.
14. Turn power on.
15. Assure required current draw using an ammeter.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 05 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF BASEBOARD HEATER

Student's Name . - ~ Date
DIRECTIONS TO STUDENT: Install and secure an electric baseboard heater.

Console must be level and have sufficient clearance
for the carpet.

DIRECTIONS TO EVALUATOR: Instructor will observe the student using proper safety
techniques. The task will be completed within
reasonable amount of time and a score of 90 percent
is required for competency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1.  The student selected the proper materials. —
2. The student observed safety precautions. _ _
*3. The student demonstrated correct methods for

finding the wall studs. - -
*4. The student secured the heater housing to

the wall. _ -
*5. The student made necessary electrical

connections. . e
6. The student allowed ample time for a com-

plete operational check. - _ -
7. The student completed the task within a

reasonable time. _
8. The student returned tools and materials

to their proper locations, - -

9. The student cleaned the work area upon
completion. L —_

*Required for Competency

APPROVED: YES _ NO

Evaluator's Signature ) T - Date T
21
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DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS
PERFORMANCE OBJECTIVE V-TECS 06
TASK: Connect ceiling heat ecable to thermostat.

STANDARD OF PERFORMANCE OF TASK: The current flow, as checked by an
ammeter, must equal the nameplate wattage divided by the voltage. The
connections of the ceiling heat cable must meet the requirements as outlined by
the National Electrical Code (Article 424, Part E) and the loeal authority having
jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 295-298.

CONDITIONS FOR PERFORMANCE OF TASK:

1 Power source

. A room that has had ceiling heat cable installed.
3. The basie tool kit

4. Installation/electrical materials

[ ]

ENABLING OBJECTIVE(S):
1. Identify the terminology used with line voltage thermostats.
2. Use proper tools and materials.
3. Read and interpret information given in the National Electrical Code.

RESOURCES:
Alerich, Electrical Construction Wiring, pp. 220-225.
National Electrical Code, 1981, Article 424, Part E.

TEACHING ACTIVITIES:
1. Instruct the student to read Electrical Construction Wiring, pp. 229-230 and
National Eleectrical Code, 1981, pp. 295-298.
2. Discuss the different types of thermostats.
3. Identify the nonheating leads of the heat cable.
4, Demonstrate the locations for installing the thermostat.
5. Explain the reasons for mounting the thermostat with a receptacle box.
6. Explain the use of armored cable and other types of raceways.

CRITERION REFERENCED MEASURE:
Questions:
1. The thermostat should be located ___ ft. above the floor.
a. 8-=10
b. 6--7
c. 5--6
d. 2--3

22

26




PERFORMANCE OBJECTIVE V-TECS 06 (Continued)

2.

The thermostat should be mounted an or near:
a. Outside wall

b. Large windows

c. Cooking appliances

d. Inside wall.

What are the wiring clearances above heated ceilings and within thermal
insulation?

a. 2"

b. 6"

c. g"

d. 12"

Answers:

1.
2.

¢
d
a

PERFORMANCE GUINE:

1D
2!

Locate inst llation point.

Turn power ff.

Determine .hat power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instruetions.

Pull ends of heat cable out of wall box for thermostat.

Determine wattage (size) of heat cable by looking at label near end of cable.
Connect eable leads and power leads to thermostat.

Turn circuit on and using clamp on type ammeter, verify that cireuit is
drawing correct amount of power.

Complete installation of thermostat on to wall box.




DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS
PERFORMANCE OBJECTIVE V-TECS 07
TASK: Connect central electric heat.

STANDARD OF PERFORMANCE OF TASK: Disconnecting means must be type
and rating designated by unit data plate. All connections must be tight. The
connecting of central electric heat must meet the requirements as outlined by the
National Electrical Code (Article 424 and tables in Article 312) and the loeal
authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrieal Code, pp. 290-302.

CONDITIONS FOR PERFORMANCE OF TASK:
1. A central electrie heat unit

2. A power source

3. Previously roughed in wiring

4. The basie tool kit

5. Necessary materials.

ENABLING OBJECTIVES:
1. Identify the terminology used with central electrie heat.
2. Use proper test equipment and tools.
3. Read and interpret manufacturer's specifications.
4. Read and interpret information given in the National Electrical Code.

RESOURCES:
Alerich, Electrical Construetion Wiring, pp. 209-211.
National Electrical Code, 1981, Article 424, part A.

TEACHING ACTIVITIES:
1. Instruet the student to read Electrical Construction Wiring, pp. 209-212, and
National Electrical Code, 1981, pp. 290-294.
2. Discuss the different types of central electrie units.
3. Explain the purpose of using a disconnect device.
4. Explain the reasons for using the low voltage thermostat.
5. Discuss the location of the disconnect.

CRITERION REFERENCED MEASURE:
Questions:
1. The branech eircuit conduetors supplying a resistance heater rated at 16
amperes must have a capaecity of:
a. 16 amperes
b. 20 amperes
c. 32 amperes.




PERFORMANCE OBJECTIVE V-TECS 07 (Continued)

If the conductors for a 16-ampere heater are run above a heated ceiling, the
smallest type R.H. conduector permittecd is:

a. 12

b. 10

c. 8.

The disconnect means must be visible from the unit location and must not be
further than:

a. 25 ft.

b. 75 ft.

e. 50 ft.

Answers:

1.
2.

b
b
e

PRACTICAL APPLICATION:
Install and secure the disconnect, wire the heating unit into the disconnect. Check
for proper operation through a complete heating cyecle.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Performance Guide for Objective 07 to determine if the assignment was
completed with at least 90 percent accuracy.

PERFORMANCE GUIDE:

1‘
2@

4.
5.
6.
7.
8.
9.

10.
11.
12.

13.
14.

Loeate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
conneciiyn(s) with voltage tester.

Read menufacturer's installation instructions and unit data plate.

Identify eonduectors.

Connect cable for supply conductors to disconnect switches.

Conneet supply conductors to line side of disconnect switeh.

Run eonduit from diseconnect switch to heat unit.

Pull conduetor of correct size and type through conduit from disconnect
switech to heat unit eontrol box.

Connect conductor to terminals provided inside of heat unit.

Conneet equipmeant grounding conductor.

Conneect wiring from thermostat control cable to terminals provided in
electriec heat unit.

Install cover plates on junction boxes to cover exposed wiring.

Check connections for shorts and grounds with ohmmeter. (Operation is
usually checked by heating and air econtractor).

CAUTION: Power source disconnected when using ohmmeter.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 07 EVALUATION

ERFORMANCE TEST FOR INSTALLATION OF CENTRAL ELECTRIC HEAT

Student's Name Date

DIRECTIONS TO STUDENT: Install the heat unit. The unit must be installed as per

manufaetuier's instructions. Eleetrical connections
should be made as per the instructions.

DIRECTIONS TO EVALUATOR: The instructor will observe student using proper safety

techniques. The student is to complete the task
within a reasonable time limit at a 90 percent
proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

10.

The student used safety precautions.

The studéﬂt demonstrated two methods for

installing the heat unit. _ _

The student secured the heat unit.

The student secured electrical eonneections.

The student found the proper loeation for
mounting the heating unit.

The student mounted the heat unit and made

The student finished the task within a
reasonable amount of time. . -

The student completed the task in a work-
manship like manner.

The student dismantled the project and re-
turned the materials to their proper places.

*Required for competency
APPROVED: YES ___ No

Evaluator's Signature

Date
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PERFORMANCE OBJECTIVE V-TECS 08
TASK: Connect furnace motor.

STANDARD OF PERFORMANCE OF TASK: All connections must be tight. The
motor must be grounded. The connections must be in accordance with the motor
manufacturer's wiring diagram and materials. The furnace motor connections
must meet the requirements as outlined by the National Electrical Code (Article
110) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 16-24.

CONDITIONS FOR PERFORMANCE OF TASK:
1. furnace motor

2. power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials.

A
A

ENABLING OBJECTIVE(S):
1. Identify types of motors used in heating units.
2. Read and interpret schematic diagrams.
3. Use proper test equipment, hand tools and materials.
4, Read and interpret the National Electrical Code.

RESOURCES:
Alerich, Eleetrieal Construction Wiring, pp. 224-227.
National Electriecal Code 1981, Article 110, Part A.

TEACHING ACTIVITIES:
1. Instruet the student to read National Eleetrical Code, pp. 16-24 and
Electrical Construction Wiring, pp. 224-227.
. Discuss the different types of motors.
. Explain the purpose of using the disconnect device or motor controller.
. Show how to calculate the current flow and size of controller required.
. Demonstrate the correct rotation of the installed motor.

CRITERION REFERENCED MEASURE:

Questions:

1. What size fuse protection should a furnace motor system require that draws
6 amperes of 240 volts?
a. 20A
b. 30A
c. 15A
d. 12A
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PERFORMANCE OBJECTIVE V-TECS 08 (Continued)

2.

A 20-ampere AC snap switch may disconnect a Z-horsepower motor with a
maximum full load current of:

a. 16A

b. 10A

c. 20A.,

Live parts of motors must be guarded if they operate at over:

a. 150V

b. 50V

c. 100V.

Answers:

1i
Zi
3i

¢
a
b

PRACTICAL APPLICATION:
Install and secure the motor connect to proper relay or contactor. Determine the
proper rotation of the motor. Wire contactor to the disconnect. Connect supply
terminals to the disconnect and prepare the unit for an operational check.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Performance Guide, Objective 08 to determine if the assignment was
completed with at least 90 percent accuracy.

PERFORMANCE GUIDE:

10.
11.
12.
13.
14.

Locate installation point.

Turn power off. :

Determine that power is off by checking conduector(s) at the poiut of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Identify conductors and determine connectiozs for voltage supplied.

Attach power cable or conduit to motor controller.

Connect supply conductor to terminals provided on motor controller.

Run conduit, cable, or wire from motor controller to furnace motor.

Conneet conductors at motor and at motor controller using approved
connectors.

Install ecover plates on junction boxes to cover exposed wiring.

Turn power on.

Turn motor controller on.

Check motor rotation.

Check moter amps with ammeter. Amperage must be within limits set on
motor data plate.

\Mw
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 08 EVALUATION

PERFGRM,,HGE TEST FOR INSTALLATION OF A FURNACE MOTOR

Student's Name - " Date
DIRECTIONS TO STUDENT: Install the blower unit into the furnace. Make proper

electrical connections observing correet polarity.
DIRECTIONS TO EVALUATOR: The instructor will observe for proper safety

procedures. The student will complete the task in a

reasonable time limit with a 90 pereent proficiency

level.
ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student seleeted proper materials. _
2. The student used safety precautions. _
3. The student demonstrated two methods for
locating and installing blower unit. - -
*4. The student secured blower unit. _
*5. The student secured electrical connections. - B
*6. The student found the proper location fer
mounting a blower unit. _
*7. The student mounted the blower unit and
completed electrical connections to motor. e
8. The student finished the task within a
reasonable amount of time. -
9. The student completed the task in a work-
manship like manner. .
10. The student dismantled the projeet and re-
turned the materials to their proper places. . 7
*Required for competency
APPROVED: YES______ NO
Evaluator's Signature T ~—_ Date




DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS
PERFORMANCE OBJECTIVE V-TECS 09
TASK: Connect/install gas or oil fired heating unit.

STANDARD OF PERFORMANCE OF TASK: The connections must be tight and at
designated points using approved connectors to meet appropriate eodes. The
heater must provide heat equal to its rated capacity as evideneced by thermostat
control unit. The disconnectinrg means must be the type and rating designated by
the unit data plate and readily accessible. The connections and installation of the
gas or oil fired heating units must meet the requirements as outlined by the
National Electrical Code (Article 110, 300, and 310) and the local authority having
jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleectrical Code, pp. 16-24, 113-122, 124-161.

CONDITIONS FOR PERFORMANCE OF TASK:
1. A gas or oil fired heating unit

2. Power source

3. Previously roughed in wiring

4, The basic tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the terminology used with central heat units.
2. Use hand tools, test instruments and materials.
3. Read and interpret the National Electrical Code.

RESOQURCES:
Alerich, Electrical Construetion Wiring, pp. 244-253.
Mullins, Eleetrical Wiring Residential, pp. 202-205.
National Eleectrical Code, 1981, pp. 16-24, 113-122, 124-161.

TEACHING ACTIVITIES:
1. Instruct the students to read Electrical Wiring Residential, pp. 202-205,

Discuss the different types of heating units and controls.

3. Identify the controls to be installed and connected.

4, Explain how to calculate the size of disconnect required.

5. Explain how to calculate the correect size wiring required.

6. Demonstrate procedures for connecting the thermostat to the unit.

CRITERION REFERENCED MEASURE:

Questions:
1. What voltage is used customarily for control units of an automatic draft-

damper installation?
a. 240V

b. 24V
c. 120V
d. 12v
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PERF

PRACTI

ORMANCE OBJECTIVE V-TECS 09 (Continued)

2. What is the smallest size of conductor that should be used for wiring 120 Volt
Controls?
a. 14 AWG
b. 12 AWG
¢, 18 AWG
d. 10 AWG
3. What is the smallest size conductor suitable for wiring 24-volt controls?
a. 18 AWG
b 16 AWG
c. 14 AWG
d. 12 AWG

Answers:
1. b
2. a
3. a

AL APPLICATION:
Install an oil fired furnace, connecting all controls. Wire furnace to disconnect,

METHOD OF EVALUATING PRACTICAL APPLICATION:

Use Performance Guide, Objective 09 to determine if all requirements were met
within 90 percent accuracy.

PERFORMANCE GUIDE: -
1. Loeate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of eonnection(s)
with voltage tester.
4. Read manufacturer's installation instruetions.
5. Identify conductors.
6. Attach supply conductor cable or conduit to local unit disconnecet switeh.
7. Connect supply conductors to terminals provided in local disconnect switeh.
8. Run appropriate conduit, wire, cable, etc., from local disconnect switeh to gas
heat unit.
9. Make wiring connections at local unit disconneet switeh and at heat unit using
ohmmeter. Check wiring to see if it is clear of grounds and shorts.
10. Make wiring connections required for thermostat control of unit.
11. Turn fuel valve off on heating unit.
12. Turn power on for heating unit.
13. Follow unit directions for lighting pilot light.
14, After amount of time specified by manufacturer, turn fuel valve on for heat unit.
~15. Set thermostat to bring heat on.
16. Let the unit run for a few minutes.
17. Set thermostat to below normal setting.
18. Unit should cut off.
19. Install cover plates on junction boxes to cover exposed wiring.

o
i
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 09 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF A GAS FIRED HEAT UNIT

Student's Name “Date

DIRECTIONS TO STUDENT: Install the heating unit as per the manufacturer's
instructions and make electrical connections as per

manufaecturer's instrueticns.

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper
safety precautions. The student is to complete task

within reasonable amount of time at a 90 percent
proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials. . . - -

2. The student used safety precautions.

3. The student demonstrated two methods for
mounting and installing the unit. - .

*4., The student secured the heat unit.

*5. The student secured electrical connections.

*6. The student found the proper location for
mounting the heat unit.

*7. The student mounted the heat unit and made
tight electrical connections. _
8. The student finished the task within a
reasonable amount of time. _ o _

9. The student completed the task in a work-
manship like manner.

10. The student dismantled the project and re-

turned the materials to their proper places.

*Required for competency

APPROVED: YES _____ NO __

Evaluator's Signature Date




DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS
PERFORMANCE OBJECTIVE V-TECS 10
TABK: Connect line voltage thermostat.

STANDARD OF PERFORMANCE OF TASK: Connections must be made using
approved connectors. Thermostat must control the unit it is attached to as
evidenced by cycling on and off at its set point. The thermostat must have an
amperage rating equal to or higher than the conneecting load.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
. A line voltage thermostat

. Power source

. Previously roughed in wiring

. The basie tool kit

. Installation/electrical materials.

S el R

ENABLING OBJECTIVE(S):
1, Identify the terminology associated with thermostats.
2. Use schematice diagrams furnished with thermostat.
3. Use hand tools test instruments and materials.
4, Read and interpret the National Electrical Code.

RESOURCES:
Alerich, Electrical Construction Wiring, pp. 223-224.
Mullin, Electrical Wiring Residential, p. 196.
National Electrical Code, 1981, Article 424.

TEACHING ACTIVITIES:
1. Instruct the student to read Electrical Construction Wiring, pp. 223-224.
Eleetrical Wiring Residential, p. 196. National Electrical Code, Article 424.
2. Discuss the different types of thermostats.
3. Explain how to determine the position of installation.
4, Explain how to caleulate the current draw.
5. Demonstrate the correct procedures for connecting the thermostat.

CRITERION REFERENCED MEASURE:
Questions:
1. The line voltage thermostat is mounted:
a. Flush
b. In a receptacle
c, With #18 AWG.
Which thermostat must pass full current of the connected heater?
a Line voltage
b. Low voltage
c. Heat/cool.

ltwdl
M
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PERFORMANCE OBJECTIVE V-TECS 10 (Continued)

3. If a thermostat is rated at 5000 watts, 240 volts, the current is:
a. 21.8A
b. 41.7TA
c. 20.8A
d. 10.4A.
Answers:
1. b
2. a
3. c

PRACTICAL APPLICATION:
Install a line thermostat, conneeting thermostat leads to furnace and supply
conductor to the thermostat. Prepare the unit to operational check.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Performance Guide, Objective 10 to determine if all requirements were met
with 90 percent accuracy.

PERFORMANCE GUIDE:

1.
2.
3.

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Locate installation point,

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Attach supply cable or conduit to box for thermostat.

Identify conductors.

Connect supply conductors to line terminals of thermostat.

Connect load conductors to load side of thermostat.

Attach thermostat to box provided for it.

Turn power on.

Set thermostat to the desired temperature.

Observe operation through at least one cycle.

Turn power off or leave thermostat set for normal operation of equipment as
per instruction of owner.

34

38



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 10 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF LINE VOLTAGE THERMOSTAT

Student's Name Date

DIRECTIONS TO STUDENT: The student will mount a junection box. The box must
be flush with finished wall. The electrical
connections must be neat and tight.

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper
safety techniques. The student should complete task
within reasonable time limit at a 90 percent
proficiency level,

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials. _ )
2. The student used safety precautions. _
3. The student demonstrated two methods for
finding proper loeation for junetion box. _
*4. The student secured junction box. _ . )
*5. The student secured electrical connections. _ _
*6. The student found the proper loeation in
mounting a junetion box. _ -
*7. The student mounted the thermostat. _ I
8. The student finished the task within a
reasonable amount of time. i
9. The student completed the task in a work-
manship like manner. . . _
10.  The student dismantled the project and re-
turned the materials to their proper places. - .

*Required for competency

APPROVED: YES NO

Evaluator's Signature ' ) - " Date



DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS
PERFORMANCE OBJECTIVE V-TECS 11
TASK: Connect low voltage thermostat.

STANDARD OF PERFORMANCE OF TASK: Connections must be made using
methods and connectors suitable for conditions encountered. The thermostat must
be mounted so that it is level and plumb. The heat anticipator adjustment must be
set to mateh current rating of device being controlled.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Low voltage thermostat

2. Power source

3. Previously roughed in low voltage wiring
4, The basie tool kit

5. Installation/electrical materials,

ENABLING OBJECTIVE(S):
1. Identify the difference between line and low voltage thermostats.
2. Use a schematic to wire low voltage thermostat.
3. Determine the position and location of instaliation.

RESOURCES:
Alerich, Eleetrical Construetion Wiring, pp. 220-223.

TEACHING ACTIVITIES:
1. Instruet the student to read Electrical Construction Wiring, pp. 220-223.
2. Demonstrate the method of connecting the conductors.
3. Identify the proper conductors to be used.
4, Explain how to calculate the circuit current draw.
5. Demonstrate the procedures for mounting the thermostat.

CRITERION REFERENCED MEASURE:
Questions:
1. The low voltage thermostat is installed above the floor:
a. 60 inches
b. 48 inches

c. 6 inches
d. In the heater.
2. The low voltage operates on:

a. 120 volts

b. 12 volts

c. 24 volts

d. 240 volts.

3. The low voltage thermostat is connected with:

a. 12 AWG

b. 20 AWG

c. 14 AWG

d. 18 AWG.
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PERFORMANCE OBJECTIVE V-TECS 11 (Continued)

Answers:
1. a
2. ¢
3. d

PRACTICAL APPLICATION:
Install a low voltage thermostat making necessary connections, using proper color
code.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Performance Guide, Objective 11 to determine if all requirements were met
with 90 percent accuracy.
PERFORMANCE GUIDE:
1. Loeate installation point.
2. Turn power off.
3. Determine power is off by checking conductor(s) at point of connection(s)
with voltage tester.
4. Remove thermostat from shipping earton.
5. Read manufacturer's installation instructions.
6. Remove approximately 3/4-inch insulation from each eonductor.
7. Connect eonductors to thermostat using methods and connectors suitable for
conditions encountered, also observing color coding of wiring.
8. Attach thermostat to structure or designated point on equipment.
9. Determine that thermostat has been installed level and plumb.
10. Set heat anticipator adjustment to match current rating of device being
controlled.
11. Install all trim and cover plates.
12. Turn power on.
13. Assure required operation.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 11 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF LOW VOLTAGE THERMOSTAT

Student's Name — Date
DIRECTIONS TO STUDENT: Install and secure the thermostat. The thermostat

must be 60" from the floor and level.

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper
safety procedures. The student will complete the task
within reasonable time limit at a 90 percent
proficiency limit.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The siudent selected proper materials. -
2. The student used safety precautions. -
3. The student demonstrated two methods for lo-
cating proper location to install thermostat. -
*4. The student secured electrical connections, _ _
*5. The student secured and leveled thermostat. .
*6. The student found the proper location for
mounting the thermostat. -
*7. The student mounted the low voltage ther-
mostat. . e
8. The student finished the task within a
reasonable amount of time. i .
9. The student completed the task in a work-
manship like manner. e
10. The student dismantled the projeet and re-
turned the materials to their proper places. -
*Required for competency
APPROVED: YES _ NO
Evaluator's Signature - - — Date -
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DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS
PERFORMANCE OBJECTIVE V-TECS 12
TABK: Connect/install wall heater.
STANDARD OF PERFORMANCE OF TASK: The connections must be made using
approved connectors. The heater must be installed at specified loecation and
grounded The heater must provxde heat équal tD 1t5 capaexty The mstallatmn Df
Code (Artlcle 110, 3DD, and 31!]) and the loecal authemty havmg _]u,rzsdmtmm
SOURCE OF STANDARD:
Tennessee Writing Team.

National Electrical Code, pp. 16-24, 113-122, 124-161.

CONDITIONS FOR PERFORMANCE OF TASK:
1. A wall heater

2. A power source

3. Previously roughed in wiring

4. The basie tool kit

5. Installation/electrical materials.

ENABLING OBJ EC';TIVE(S)
1. Identify the different types of wall heaters.
2. Use hand tools and materials.
3. Read and interpret a schematic and instructions furnished with the heater.
4. Read and interpret the National Electrical Code.
5. Determine the proper location to install the unit.

RESOURCES:
Alerich, Eleetrieal Construction Wiring, p. 214.
National Electrical Code, 1981, Article 110, 300 and 310

TEACHING ACTIVITIES:
1. Instruct the student to read Electrical Construetion Wiring, p. 214. National

Electrical Code, 1981, Article 424,
2. Discuss the types of wall units.

3. Demonstrate the method fce finding the wall studs.

4. Explain how to determine the position for the installation.

5. Demonstrate the correct procedures for connecting the eonductors to the
wall unit,

CRITERION REFERENCED MEASURE:

Questions:
1. The bottom of the box should be located approximately ___ inches from the
floor. '
a. 60
b. 12
c. 48
d. 10
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2.

The heater is controlled by ___ _ thermostats and limit switches.
a. Built-in

b. Circuit breakers

c. Fuse links

d. Plug-in.

Wall heaters are most often supplied by:

a. Wall receptacle

b. Individual eireuits

c. From the lighting eircuit.

Answers:

1§
2@
3i

d

a
b

PRACTICAL APPLICATION:
Install and secure a wall heater. Unit must be between wall studs and flush with

finished dry wall.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 12 to determine if the assignment was
completed with at least 90 percent accuracy.

PERFORMANCE GUIDE:

1§
2@

3.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Locate installation point.

Turn power off,

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Remove heating coils from housing.

Attach cable to housing.

Attach housing to structure.

Identify conduectors.

Remove only sufficient insulation to aceept connector.

Connect heater leads to power source.

Conneect ground to grounding terminal.

Install heater in housing.

Install trim.

Turn power on.

Observe heater coils to see if they turn red or test heater performance with
ammeter.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 12 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF THE WALL HEATER

Student's Name B T Date
DIRECTIONS TO STUDENT: Install and secur= a wall heater. Heater housing must

be flush with the finished wall. Electrical connections
must be tight.

DIRECTIONS TO EVALUATOR: Instructor will observe the student using proper safety
procedures. The student is to complete task within
reasonable time limit at a 90 percent proficiency

level.
ITEMS TO BE EVALUATED Batisfactory Unsatisfactory
1. The student selected proper materials. -
2. The student used safety precautions. _ _ i
3. The student demonstrated two methods for
locating proper location. - . _
*4. The student secured heater housing. _ I
*5. The student secured electrical connections. I _
*6. The student found the proper loeation for
mounting heating unit. _ _ —
*7. The student mounted the heat unit and made
tight electrical connections. - .
8. The student finished the task within a
reasonable amount of time. _ -
9. The student completed the task in a work-
manship like manner. o
10. The student dismantled the project and re-
turned the materials to their proper places. . o
*Required for competency
APPROVED: YES NO ___
Evaluator's Signature - Date T
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DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COM
PERFORMANCE OBJECTIVE V-TECS 13
TASEK: Install ceiling heat eable.

STANDARD OF PERFORMANCE OF TASK: Cable installations must be inspected
and approved by authority having jurisdiction before being covered. Cables must
not be closer than 8" to any metal object, box, lee, vent, ete. Non-heating leads
must be routed back to thermostat loecation a minimum of six inehes to be left in
box. The non-heating loads must not be cut or shortened. The installation of
ceiling heat cable must meet the requirements as outlined by the National

Electrical Code (Article 424) and the local authority having jurisdiction.
SOURCE QOF STANDARD:

Tennessee Writing Team.

National Electrical Code, pp. 290-302.

CONDITIONS FOR PERFORMANCE OF TASK:

1. A ceiling heat esble
2. Power source
3. Previously roughed in wiring

4, The basie tool kit
5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the terminology associated with ceiling heat cables.
2. Use instruetion and schematies furnished with the heat eable.
3. Use hand tool and materials.
4, Read and interpret the National Electrical Code.

RESOURCES:
Alerich, Eleetrical Construction Wiring, pp. 229-239.
National Electrical Code, 1981, pp. 290-302.

TEACHING ACTIVITIES:
1. Instruet the student to read Electrical Construction Wiring, pp. 229-239 and

National Eleetrical Code, 1981, pp. 290-302.

2. Explain how to determine the area of the location for installation of heat
cable.

3.. Determine how to prepare the ceiling for installing heat cables.

4. Show how to prepare the wall for the thermostat installation.

5. Demonstrate the method of routing the non-heat conduectors.

6. Demonstrate continuity testing in the echecking of the cable.

CRITERION REFERENCED MEASURE:
Questions:
1. Nonheating leads of 240-volts heating cable are:
a. Yellow

b. Biue
c. Red
d. White.




PERFORMANCE OBJECTIVE V-TECS 13 (Continued)

2.

\m‘

The separation between heating eables and an outlet box must be at least:
a. 8 inches

b. 2 inches

c. 6 inches

d. 10 inches

The minimum length of nonheating leads furnished for a heating panel is:
a. 7 ft.

b. 8 in.

c, 3 ft.

d. 6 in.

Answers:

1?
2?
3§

a
a
a

PRACTICAL APPLICATION:
Install and secure a cejling heat cable. The cable must be installed in accordance
with the National Electrical Control and manufacturer's instructions.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Performance Guide Objective 13 to determine if the assignment was
completed with at least 90 percent accuracy.

PERFORMANCE GUIDE:

1.
2.

Loecate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read and be familiar with the requirements of Article 424 of the National
Electrical Code.

Read manufacturer's installation instructions.

Determine from manufacturer's instructions or eleetrical floor plan that the
cable supplied is the correct size for the rooms to be heated.

Determine the space (at least 13") between cable runs.

Attach cable only to gypsum board, plaster lath, or other similar fire
resistant non-conductive materials. Cable is to be strapped or otherwise

Run feeder cable from thermostat location through wall and/or floor
partition back to distribution panel.

When all of cable has been attached to ceiling, notify authority having
jurisdiction that installation is ready for inspection.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 13 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF A CEILING HEAT CABLE

Student's Name — i ) Date
DIRECTIONS TO STUDENT: Install the heat cable as per manufacturer's

instruetions, spacing must be observed.

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper
safety procedures. The task must be completed
within a reasonable time limit and at a 90 percent
proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfavtory
1. The student selected proper materials. . 7: o
2. The student used safety precautions. _ _ :
3. The student demonstrated two methods for
loeating cable routing. ) ,,,f _ 7
*4, The student secured heat cable, . - _
*5. The student secured thermostat conductors. - _ .
*6. The student found the prover location for
mounting heat eable. - -
*7. The student mounted the heat cable and
connected thermostat. _ _ -
8. The student finished the task within a
reasonable amount of time. _ - _
9. The student completed the task in a work-
manship like manner. — _
10. The student dismantled the project and re-
turned the materials to their proper places. 77 _ —
*Required for competency
APPROVED: YES_____ NO ___

Evaluator's Signature
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INSTALLING LIGHTING FIXTURES
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DUTY: INSTALLING LIGHTING FIXTURES
PERFORMANCE OBJECTIVE V-TECS 14
TASK: Install/connect fan controlled by switch.

STANDARD OF PERFORMANCE OF TASK: The connections must be made using
methods and connectors suitable for conditions encountered. Connections must be
tight. The switch must turn the fan off when in off position and on when in on
position. The installation of the fan controlled by a switech must meet the
requirements as outlined by the National Electrieal Code (Articles 110, 300, and
310) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 16-24, 113-122, 124-161.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Fan

2. Power source :

3. Previously roughed in wiring

4, The basic tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the various types of fans.
2. Read and interpret wiring diagrams and instructions furnished with the fan.
3. Use hand tools and materials.
4. Read and interpret the National Electrical Code.

RESOURCES:
Alerich, Eleetrical Construction Wiring, pp. 108-112.
Mullin, Electrieal Wiring Residential, pp. 38-40.
National Electrical Code, 1981, pp. 16-24, 113-122, 124-161.

TEACHING ACTIVITIES:

1. Instruct the student to read Eleectrical Construction Wiring, pp. 108-112,
Electrical Wiring Residential, pp. 38-40, National Electrical Code, pp. 16-
24, 113-122, 124-161. )

2. Discuss how to determine the location for installing the fan.

3. Discuss how to prepare the location for installation.

4. Demonstrate the method of routing and connecting the switeh cireuit.

5. Demonstrate correct procedure for connecting supply conductors.

6. Explain how to prepare the installation for an operational check.

CRITERION REFERENCED MEASURE:
Questions:
1. The switehing circuit should always be in the ______ conductor.
a. green - o
b. white
c. black




PERFORMANCE OBJECTIVE V-TECS 14 (Continued)

2. The hot conductor should always be:
a. Black
b. White
c. Green.
3. The neutral conductor is:
a. Green
b. Black
c. White.
4, The switeh loop should be connected to the . conductor of the line
and the fan.
a. black
b. green
c. white

Answers:

1. c

2. a

3. c

4, a

PRACTICAL APPLICATION:
Remove the ceiling light and install the ceiling fan. The fan must be balanced and
controlled by a wall switch.

METHOD OF EVALUATING THE PRACTICAL APPLICATION:
Use Performance Guide Objective 14 to determine if the assignment was
completed with at least 90 percent accuracy.

PERFORMANCE GUIDE:
1. Locate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.
. Read manufacturer's installation instructions.
Remove approximately 3/4-inch insulation from each conductor.
Make wiring connections.
7. Fasten ground wire.
8. Attach fan to mounting brackets.
9. Turn power on.
10. Check fan for correct operation.
11. Assure required current drain.

imn:mwh
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 14 EVALUATION

U
PERFORMANCE TEST FOR INSTALLATION OF A CEILING FAN AND CONTROL

Student's Name Date
DIRECTIONS TO STUDENT: Install and secure mounting boxes. Make electrieal
connections to switch and fan. Secure switeh and fan.

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper
safety procedures. The task must be completed at a
90 percent proficiency and within a reasonable time
limit.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials. — .

2. The student used safety precautions. . . _

3. The student demonstrated two methods for
finding the center of the room. , . _

*4, The student secured fan and switeh boxes. — . _

*5. The student secured electrical connections. .

*6. The student found the proper location for
mounting fan and switeh boxes. ) _ .

*7., The student mounted the fan and switeh
making proper electrical connections. . . -

8. The student finished the task within a
reasonable amount of time, _ - —

9. The student completed the task in a work-

10. The student dismantled the project and re-
turned the materials to their proper places. _ _

*Required for competency

APPROVED: YES ____ NO ____

Evaluator's Signature . ' ~ Date
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DUTY: INSTALLING LIGHTING FIXTURES
PERFORMANCE OBJECTIVE V-TECS 15
TASK: Connect/install flood lights.

STANDARD OF PERFORMANCE OF TASK: Lights must burn when switch is
turned on. Flood lights must be controlled by at least one switch. Outlet box
must be mounted securely. The installation of flood lights must meet tne
requirements as outlined by the National Electrical Code (Artieles 110, 300, and
310) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code. pp. 16-24, 113-122, 124-161.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Flood lights

2. Power source

3. Previously roughed in wiring

4. The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):

1. Identify electrical terminology for outdoor lighting.
2. Determine the proper tools and materials to be used.
3. Read and interpret blue prints.

4, Read and interpret the National Electrical Code.

RESOURCES:
Mullin. Eleectrical Wiring Residential, pp. 72-76.

The National Electrical Code, Article 310.

TEACHING ACTIVITIES:
1. Instruet the student to read Eleetrical Wiring Residential, pp. 72-76 and
National Electrical Code, Article 310.
Discuss the different uses of weather proof lighting systems.
Identify the different types of flood lights.
Identify the different locations of flood lights.
Demonstrate procedures for installing flood lights.
Have student discuss why proper installation is important.

L2y | :lﬁ- 3 b

Questions:
1. Flood lights are used for:
a. Security
b. Decorative
c. Bothaandb
d. Neither a nor b.
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PERFORMANCE OBJECTIVE V-TECS 15 (Continued)

2. Shrub and tree lights should operate from:
a. 24V
b. 12v
c. 120V
d. 240V.
3. The flood lamps in your reference assignment are __ . watt PHR
reflectors.
a. 150
b. 75
c. 100
d, 300
Answers:
1. e
2. b
3. a

PRACTICAL APPLICATION:
Install a decorative lighting system from the materials furnished. Calculate total
amperes required and connect to proper transformer and circuit breaker.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 15 to determine that the objective was met
with 90 percent proficiency.

PERFORMANCE GUIDE:

;!

L3 b3

Loecate installation point.

Turn power off,

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Unfold conductors from box.

Remove approximately 3/4-inch insulation from each conductor.

Read manufacturer's installation instruetions for flood lights. :
Connect white wires from flood lights to white wires extending from wiring
device with approved eonnectors.

Attach black wires of fixture to the switch leg. Complete other circuit
connections as required.

Connect ground wire to ground terminal.

Attach flood light to box using supplied serews.

Install lamps.

Turn power on.

Assure required operation.

o4
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 15 EVALUATION
PERFORMANCE TEST FOR INSTALLATION OF FLOOD LIGHTS

Student's Name ~ Date

DIRECTIONS TO STUDENT: Install three flood lights to decorate shrubs. Use
correct transformer, lamps and eircuit breaker.

DIRECTIONS TO EVALUATOR: The instructor will observe for safety and proper
: material usage. The task should be complete within a

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials. _

2. The student used safety precautions. - _

3. The student demonstrated two methods for
finding proper installation loeation. . . _

*4., The student secured the transformer. —

*5. The student secured the lamp fixtures.

*6. The student found the proper location for
mounting lamp fixtures. o _ -

*7. The student mounted the transformer, fixtures
and made necessary electrical connections. ] - _

8. The student finished the task within a
reasonable amount of time.

9. The student completed the task in a work-
manship like manner, - — _

10. The student dismantled the project and re-
turned the materials to their proper places.

*Required for competency

APPROVED: YES NO

Evaluator's Signature Date




DUTY: INSTALLING LIGHTING FIXTURES
PERFDRMANCE OBJECTIVE V-TECS 16
TASK: Connect/install lighting dimmer system.

STANDARD OF PERFORMANCE OF TASK: The dimmer system must be installed
at the specified location and must operate within predetermined iolerances.
Connections must be tight. The installation of a lighting dimmer system must
meet the requirements as outlined by the National Electrical Code (Article 380)
and the local authority having jurisdiction.

SOURCE OF STANDARD:

Tennessee Writing Team.

Naticnal Electrical Code, pp. 238-241.
CONDITIONS FCR PERFORMANCE OF TASK:
1. A lighting dimmer system

2. Power Source

3. Previously roughed in wiring

4, The basie tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the rotary dimmer switch.
2. Determine tools and materials to be used.
3. Identify the techniques for installation points.

RESOURCES:
Mullin, Eleetrical Wir ing Residential, pp. 97-99.
Alerich, Electrical Construction Wiring, pp. 126-127.
National Eleetrical Code, 1981, Article 520-25, pp. 70-463.

TEACHING ACTIVITIES:

1. Instruet the students to read Residential Wiring, pp. 97-99. Electrical
Construction Wiring, pp. 126-127. National Eleetrical Code, Article 520- 25.

2. Discuss different uses for dimmers.

3. Identify different types of dimmers.

4. Demonstrate procedures used to find installation points.

5. Have students practice finding the center points in given areas.

6. Have students discuss why proper installation is important.

CRITERION REFERENCED MEASURE:
Questions:
1. How are modern residential light dimming eireuits controlled?
a. Step switch
b. Rheostat
c. SCR.

S 6?



PERFORMANCE OBJECTIVE V-TECS 16 (Continued)

2?

How many wires must be installed between an incandescent lamp and its
dimmer control?

a. 2

b. 3/Ground

c. 3

d. 2/Ground

What type dimmer switch is used with a 3-way switeh?
a. SPST

b. SPDT

c. DPDT

d. 3-way Dimmer.

Answers:

1i
2?
3?

(o]

b
d

PRACTICAL APPLICATION:
Install and secure a dimmer switch. Dimmer must eontrol the light from brilliance
to off.

METHODS OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 16 to determine if the assignment was
completed to the task standard of 90 percent proficieney.

PERFORMANCE GUIDE:

1.
2.
3,.

7@
BE

1Di

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Examine the dimmer to be sure it is the proper type and size for the
appiication (fluorescent or incandescent).

Examine the mounting boxes and eircuit conductors to be sure they are
correct.

Make the wiring connections: ecircuit and grounding,.

Install the switches and dimmers with the mounting hardware.

Turn power on.

Assure required operation.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 16 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF A LIGHT DIMMING SYSTEM

Student's Name

Date
DIRECTIONS TO STUDENT: Install and secure a rotary dimmer. The dimmer must

be installed as per manufacturer's instructions.

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper
safety procedures. The task must be completed
within reasonable time limit with 90 percent
proficiency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials.

2. The student used safety precautions. -
3. The student demonstrated two methods for
locating position to mount dimmer.
*4, The student secured the electrical con-
nections. , . o _
*5. The student secured the dimmer control.
*6. The student found the proper location for
mounting the dimmer. . . _
*7. The student mounted the dimmer making
proper electrical connections.
8. The student finished the task within a
reasonable amount of time. -
9. The student completed the task in a work-
manship like manner. - _ .
10. The student dismantled the project and
returned the materials to their proper
places. S - = —
*Required for competency
APPROVED: YES NO
Evaluator's Signature ) ) “Date B




DUTY: INSTALLING LIGHTING FIXTURES
PERFORMANCE OBJECTIVE V-TECS 17
TASK: Install/connect heat-a-vent light.

STANDARD OF PERFORMANCE CF¥ TASK: The unit must be instailed with
clearance from frame work as recommended by the manufacturer. All
connections must be tight and suitable for the purpose. The heat, vent, and light
must be controlled by separate switeh functions. Correet polarity must be
maintained. The installation of the heat-a-vent light must meet the requirements
as outlined by the National Electrical Code (Article 110, 300, and 310) and the
loecal authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrical Code, pp. 16-24, 113-122, 124-161.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Heat-a-vent light

2. The basie tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S): .
1. Identify heat-a-vent terminology.
2. Determine the proper tools and materials to be used.
3. Read and interpret information furnished by the manufacturer.
4, Read and interpret the National Electrical Code.

5. Recall the technique of locating the ceiling point.

RESOURCES:
Mullin. Eleectrical Wiring Residential, pp. 173-175.
Hational Electrical Code, 1981, Articles 110, 300 and 310.

TEACHING ACTIVITIES:
1. Instruct the student to read Eleetrical Wiring Residential, pp. 173-175, The
National Electrical Code, Article 300-310.
2. Discuss different usage of heat-a-vents.
3. Identify different ceiling textures.
4. Demonstrate use of the stud finder.
5. Have student practice using stud finder,
6. Have student discuss importance of locating the studs.

Questions:
1. The heat-a-vent fan usually operates on a wattage of:
a. 1500W
b. 1000w
c. 737TW
d. 1475W.
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PERFORMANCE OBJECTIVE V-TECS 17 (Continued)

2. The heat-a-vent light is connected to _______ circuit.

a. A23
b. A15
c. A25
d. A30
3. How many and what size wires are used to control the heat-a-vent fan:

a. 3-wire #10
b. 2-wire #14
c. 2-wire #12
d. 3-wire #8.

Answers:
1. d
2. a
3. c

PRACTICAL APPLICATION:
Install and secure a heat-a-vent light. Unit must be centered between ceiling
joist. The unit must be flush with ceiling finish.

METHOD OF EVALUATING PRACTICAL AZPLICATION:
Use the Checklist Performance Objective 17 to determine if the assignment was
completed with at least 90 percent profieiency.

PERFORMANCE GUIDE:
1. Locate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.
4. Read manufacturer's installation instruetions.
5. Install the housing per instruetions.
6. Attach previously run wire from power source to the housing using a cable
clamp and the appropriate knockout.
7. Remove approximately 3/4-inch of insulation from each eonduector.
8. Identify all conductors.
9. Make all wiring connections observing polarity.
10. Conneet the ground wire.

12. Install trim.

13. Turn power on.
14, Assure required operation.
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CHECEKLIST FOR PERFORMANCE OBJECTIVE V-TECS 17 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF THE HEAT-A-VENT LIGHT

Student’s Name ~ Date
DIRECTIONS TO STUDENT: Install and secure a heat-a-vent light. The unit must
be centered and flush with the ceiling finish.

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper
safety procedures. The task is to be completed within
a reasonable time limit with 90 percent proficieney.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory "

1. The student selected proper materials.

2. The student used safety precautions. o

3. The student demonstrated two methods for
finding the center of the area. .

*4. The student secured the heat-a-vent light.

*5. The student secured the eleectrical con-
nections. ] A

*8, The student found the proper loecation for
mounting the heat-a-vent light. - i

*7, The student mounted the heat-a-vent light
making all eleetrical connections. e

8. The student finished the task within a
reasonable amount of time.

9. The student completed the task in a work-
manship like manner. —

10. The student dismantled the project and re-
turned the materials to their preper places. - ) o

*Required for competency

APPROVED: YES _____ No

Evaluator's Signature T T ~ Date
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DUTY: INSTALLING LIGHTING FIXTURES

TASK: Connect/install light fixture.

STANDARD OF PERFORMANCE OF TASK: Light must burn when switch is on.
Fixture must cover hole and present a finished appearance. Correct polarity must
be maintained. The installation of the light fixture must meet the requirements as
outlined by the National Electrical Code (Article 110, 300, 310, and 410) and the
local authoerity having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 16-24, 113-122, 124-161, 267-283.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Light fixture

2. Power source

3. Previously roughed in wiring

4. The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify electrical boxes by terminology.
2. Identify light fixture by terminology.
3. Determine the proper tools and materials to be used.
4, Read and interpret blue prints and schematies.
5. Recall the technique for locating the installation point.

RESOURCES:

: Alerich. Eleetrical Construction Wiring, pp. 25-38.
Mullin. Electrical Wiring Residential, pp. 72-131.
Mix. House Wiring Simpiified, pp. 76-77, 87-98.
The National Electrical Code, Article 410.

TEACHING ACTIVITIES:
1. Instruct the student to read Eleetrical Construetion Wiring, pp. 25-38.

Electrical Wiring Residential, pp. 72-131. House Wiring Simplified, pp. 76-
77, 87-98. The National Electrical Code, Article 410.

. Discuss different types of electrical light fixtures.

. Identify different fixtures.

. Identify different types of wall and ceiling materials.

. Demonstrate procedures used to find installation point.

. Have the students discuss why proper installation is important.

O SN b R

CRITERION REFERENCED MEASURE:
Questions:
1. What is the ampere rating of the kitechen lighting circuit?
a. 30A '
b. 10A
c. 20A
d. 15A

62

L4
[ ']




PERFORMANCE OBJECTIVE V-TECS 18 (Continued)

2. Who is to select the lighting fixtures?
a. Home owner
b. Architect
c. Electrieian

3. What type of light fixtures are installed on workshop ceilings?
a. 41 AMP fluoresecent
b. Incandescent
c. 2 lamp fluorescent

Answers:

1. d

2. a

3. c

Install and secure a light fixture. Calculate proper ampere and connect to proper
circuit breaker. Check for correct operation.

METHODS OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 18 to determine if the assignment was
completed with 90 percent proficiency.

PERFORMANCE GUIDE:

1.
2!
3!

4.
3.
6.
7.
8.
9.

Loecate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instruetions.

Connect fixture wire to power supply observing polarity.

Conneet ground wire.

Attach fixture base to box with screws supplied.

Install lamps.

Turn power on.

fop)



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 18 EVALUATION

Student's Name - — Date

DIRECTIONS TO STUDENT: Install and secure a light fixture. Work must be neat
and light should work from switeh locations.

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper
: safety procedures. The task is to be completed within

ITEMS TO BE EVALUATED Satisfactory Unsatisfaetory

1. The student selected proper materials.
2. The student used safety precautions.
3. The student demonstrated two methods for
finding installation point. _ _
*4, The student secured a receptacle box. . o
*5. The student secured the light fixture.
*6. The student found the proper location for
mounting a receptacle box. -
*7. The student mounted the light fixture and
made necessary electrical connections.
8. The student finished the task within a
reasonable amount of time. - 7 i} i

9. The student completed the task in a work-
manship like manner.

10. The student dismantled the project and re-
turned the materials to their proper places.

*Required for competency

APPROVED: YES ___ NO

Evaluator's Signature Date
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DUTY: INSTALLING LIGHTING FIXTURES
PERFORMANCE OBJECTIVE V-TECS 19
TABK: Install/connect photo-electrie control on a light.

STANDARD OF PERFORMANCE OF TASK: The light must burn at dusk and turn
off at dawn or when conditions are simulated. The installation of a photo- electric
control on a light must meet the requirements as outlined by the National
Eleetrical Code (Article 410) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
Nstional Electrical Code, pp. 267-283.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Photo-electric control

2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials,

ENABLING OBJECTIVE(S):
1, Identify terminology associated with photo-electric controls.
2. Determine the proper tools and materials to be used.
3. Recall techniques of locating installation point.
4, Read and interpret the National Eleetrical Code.

RESOURCES:
Alerich. Electrieal Construction Wirmg, pp. 128-129.
The National Electrical Code, 1981, Article 410.

TEACHING ACTIVITIES:
1. Instruet the student to read Eleetrical Construction Wiring, pp. 128-129, and
National Eleetrical Gode, Artiele 410.
2. Discuss the usage of photo-electrie cells.
3. Identify different types of photo-eleetric cells.
4. Identify areas where photo-electrie should be mounted.
5. Demonstrate procedures necessary to install photo-electrie cell.
6. Have students discuss why proper location is important.

CRITERION REFERENCED MEASURE:
Questions:
1. One of the common uses of photo-electric cells is:
a. Hallway light
b. Time delays
c. Dimmer switeh
d. Security light.
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PERFORMANCE OBJECTIVE V-TECS 19 (Continued)

2.

The photo-electriec cell at supermarkets is used to:
a. Open doors

b. Operate lights

c. Security

d. Decorative.

The photo-electriccellisa __ wire device.
a. one

b. two

c. three

d. four

Answers:

1§
2§

3?

d
a
¢

PRACTICAL APPLICATION:
Install a security light operated by a photo-electrie cell. The light must operate
when the cell is covered and extinguished when the cell is exposed to light.

METHODS OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 19 to determine if the assignment "was
completed with a 90 perecent proficiency.

PERFORMANCE GUIDE:

1§
2.
3.

10.
11.
12.

Loecate light to receive photo-electric control.

Turn powar off.

Determine that power is off by checking conducter(s) at the point of

connection(s) with voltage tester.

Read manufacturer's installation instructions.

Take light down.

Check light for a knockout that will accept the photo cell. If none exists,

use drill or other means to make the desired hole.

Attach photo-electrie control to light base.

Connect wire ends per manufacturer's installation instructions.

Hang light.

Turn power on.

Test according to manufacturer's installation instruetions.

If instructions are not supplied:

a. Place a dark covering over cell lens. Light should eome on in
spproximately three minutes. :

b. Remove dark covering. Light shouid stop burning in approximately
three minutes.



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 19 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF A PHOTO-ELECTRIC CELL

Student's Name - '7 Date

DIRECTIONS TO STUDENT: Using the materials furnished, connect a photo-
electric cell. The light must operate as per

instruetions.

DIRECTIONS TO EVALUATOR: Observe the student following safety procedures. The
task must be completed within reasonable time limit
with 90 percent proficiency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials. -

2. The student used safety precautions. e

3. The student demonstrated twoe methods for
installing the cell. . . , .

*4, The student secured the photo-cell. -

*5. The student secured the lamp. e

*6. The student found the proper location
for mounting photo-electric eell. .

*7. The student mounted the cell facing
away from the lamp. e

8. The student finished the task within a
reasonable amount of time. o

9. The student completed the task in a work-
manship like manner. —

10. The student dismantled the project and re-
turned the materials to their proper places. -

*Required for competency

APPROVED: Yes_____ No

Evaluator's Signature Date




DUTY: INSTALLING LIGHTING FIXTURES
PERFORMANCE OBJECTIVE V-TECS 20
TABK: Connect/install post lights.

STANDARD OF PERFORMANCE OF TASK: Light post must be securely anchored
and vertically plumb in ground. Light must be controlled by a switeh or a photo-
cell or other approved means. Post lights must be grounded if metallic. Correct
polarity must be maintained. The installation of post lights must meet the
requirements as outlined by the National Electrical Code (Articles 110, 300, 310,

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 16-24, 113-122, 124-161, 267-283.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Post lights

2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the terms associated with underground wiring.
. Determine the proper tools and materials to be used.
. Read and interpret information sheet furnished by the manufacturer.
. Recall the techniques of locating the installation area.
Read and interpret the National Electrical Code.

@\%W\M

RESOURCES:
Mullin. Eleectrical Wiring Residential, pp. 79-80.
The National Electrical Code, Articles 300 and 410.
TEACHING ACTIVITIES:
1. . Instruet students to read Electrical Wiring Residential, pp. 79-80 and
National Electrical Code, Articles 300-5 and 410-4.
2. Discuss the uses of conduit.
3. Explain how to determine the depth to bury the cable.
4. Demonstrate the method of installing the post.
5. Have student demonstrate the mounting and connecting of the light.
6. Have student discuss why weatherproof connections are important.
CRITERION REFERENCED MEASURE:
Questions:
1. What is the minimum depth UF cable can be buried direct?
a. 12"
b. 24"
c. 18"
d. 15"
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PERFORMANCE OBJECTIVE V-TECS 20 (Continued)

2.

What is the minimum depth UF cable with 2" conerete cover can be buried?
a. 12"

b. 18"

c. g"

d. "

What sections of the code deals with grounding the post light?

a. 410-4 (a)

b. 300-5 (d)

c. 250-45 (o)

d. 250-42

Answers:

1.
2.

a
c
d

PRACTICAL APPLICATION:
Install and secure a post light, making all connections weather proof.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 20 to determine if the task was completed
in a reasonable time limit with 90 percent proficiency.

PERFORMANCE GUIDE:

1.
2.
3.
4.

5.
6.
7.
8.
9.
10
11.

Locate installation point.

Be sure post is well anchered.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instruetions.

Connect post light wire ends to power source observing polarity.
Connect ground wire.

Attach fixture to post.

Install lamps.

Turn power on.

Assure required operation of light.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 20 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF A POST LIGHT

Student's Name - ~ Date T
DIRECTIONS TO STUDENT: Install »nd weatherproof the post light, making sure

all elec. 'cal connections are secured.

DIRECTIONS TO EVALUATOR: Observe the student following safety procedures, the
task should be completed within reasonable time
limits and within 90 percent proficiency for minimum

competency.
ITEMS TO BE EVALUATED Satisfactory Unsatisfaetory

1. The student selected proper materials, _ _ _ ,
2. The student used safety precautions. R e
3. The student demonstrated two methods for

determining correct fixture. —
*4, The student secured the light fixture. - -
*5. The student secured the electrical con-

nections. , — o .
*6. The student mounted the fixture and

weatherproofed all connections. _ o -
7. The student finished the task within a

reasonable amount of time. . — _ e
8. The student completed the task in a work-

manship like manner, . —
9. The student dismantled the project and re-

turned the materials to their proper places. o _
*Required for competency

APPROVED: Yes ___ No _ )
Evaluator's Signature — _ Date )




DUTY: INSTALLING LIGHTING FIXTURES

PERFORMANCE OBJECTIVE V-TECS 21
TASK: Install/connect power failure lighting.

STANDARD OF PERFORMANCE OF TASK: The power failure light must be
located to give maximum light when activated. All connections must be tight. The
light fixture must be securely fastened to structure and must burn when the power
has been disrupted. The installation of the power failure lighting must meet the
requirements as outlined by the National Electrical Cede (Article 700) and the
loeal authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 577-581.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Power failure lighting device

2. A power source

3. The basic tool kit

4. Installation/electrical materials,

ENABLING OBJECTIVE(S):
1. Identify the terminology used with emergency lighting systems.
2. Determine the proper tools and materials to be used.
3. Read and interpret information from blueprints and floor plans.
4. Reecall technique of locating area for mounting system.
5. Read and interpret the National Electrical Code.

RESOURCES:
The National Eleetrical Code, 1981, Article 716.

TEACHING ACTIVITIES:
1. Instruet the student to read The National Eleetrical Code, Article 700 --
Section D, pp. 580-581.
2. Discuss the different usages of emergency lighting systems.
3. Identify the different types of systems.
4. Demonstrate procedures used to install emergency units.
5. Have students practice finding locations for installing units.
6. Have students discuss why proper installation is important.

CRITERION REFERENCED MEASURE:

Questions:

1. The emergency system controls lights and all other systems for
illumination.
a. axit
b. security
c. hallway
d. office

1




PERFORMANCE OBJECTIVE V-TECS 21 (Continued)

2.

Circuits for emergency lighting must comply with the National Electrical
Code Section:

a. 700-18

b. 700-20

c. 700-12

d. 700-22.

Items that may not be connected to the emergency system are:
a. Furnace

b. Appliances

e. Random lights

d. All of the above.

Answers:

1.
2.
3.

a
c
d

PRACTICAL APPLICATION:
Install and secure an emergency lighting unit. The unit must be installed where
maximum illumination will occur.

METHODS OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 21 to determine that the task was
completed with a 90 percent proficiency.

PERFORMANCE GUIDE:

Loeate installation point.

Turn power off.

Determine that power is off by checking conduetor(s) at point of
connection(s) with voltage tester.

Read manufacturer's installation instruetions.

Attach the power failure light to the structure per manufacturer's
instructions.

Fasten branch circuit, cable or econduit to the light.

Remove approximately 3/4-ineh insulation from each conductor.

Make all electrical connections observing polarity.

Install all cover plates on junetion boxes to cover exposed wiring.

Turn power on.

After power has been on for a time sufficient to charge the batteries, turn
power off or push test switch.

Assure required operation.



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 21 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF POWER FAILURE LIGHTING SYSTEM

Student's Name Date
DIRECTIONS TO STUDENT: Install an emergenecy lighting unit. The unit must be

located near the top of the wall and must light exit
signs in necessary aress.
DIRECTIONS TO EVALUATOR: Observe the student practicing safety procedures. The
: task must be completed in reasonable time limit with
90 percent proficieney.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student selected proper materials. L _ _
2. The student used safety precautions. _ _ e
3. The student demonstrated two methods for
installing light failure system. _ ,
*4, The student secured the light unit. L 7
*5. The student secured the electrical
eonnections. o _
*6. The student found the proper location for
mounting the light failure unit. - -
*7. The student mounted the emergency unit
and checked for proper operation. . .
8. The student finished the task within a
reasonable amount of time. -
9. The student completed the task in a
workmanship like manner. o _ _
10. The student dismantled the project and returned
the materials to their proper places. _ N
*Required for competency
APPROVED: Yes ______ No _
Evaluator's Signature T . ~ Date -
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DUTY: INSTALLING LIGHTING FIXTURES

PERFORMANCE OBJECTIVE V-TECS 22

TASK: Install/connect moisture resistant fixtures.

STANDARD OF PERFORMANCE OF TASK: Fixtures must be installed in the
desired location. All gaskets, globes, and/or seals must be installed so the fixture
will be moisture resistant. The fixture must be controlled by a switeh or other
means. All fixtures must be installed according to the fixture's design.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. DMoisture resistant fixtures

2. Power source

3. Previously roughed in wiring

4. The basie tool kit

5. Installation/electrical materials.

' NABLING OBJECTIVE(S):
1. Identify weatherproof fixtures by terminology.
2. Determine the proper tools and materials to be used.
3. Read and interpret manufacturer's instructions.
4, Recall technique of locating installation point.
5. Read and interpret the National Eleetrical Code.

RESOURCES:
Alerich. Electrical Construction Wiring, pp. 40-41.
Mullin. Electrical Wiring Residential, pp. 75, 80, 104-106, 113, 117 and 126.
National Electrical Code, 1981. Artiecle 710.

TEACHING ACTIVITIES:
1. Instruet the student to read Eleetrieal Construection Wiring, pp. 40-41.
Electrical Wiring Residential, pp. 75, 80, 104-106, 113, 117 and 126. National
Electrical Code, 1981. Article 710-8.

2. Discuss different uses of moisture fixtures.

3. [dentify different moisture areas.

4. Demonstrate procedures for locating installation area.

5. Have student practice finding areas of moisture.

6. Have student discuss reason for using weatherproof fixtures in moisture

laden areas.

CRITERION REFERENCED MEASURE:
Questions:
1. Outdoor fixtures must be marked suitable for:
a. Damp locations

b. Dry loecations
c. Wet locations.

-,
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PERFORMANCE OBJECTIVE V-TECS 22 (Continued)

2.

What type of convenience outlets are found on the poreh?

a. 30A.

b. 220V.

c. 20A. weather proof

d. 24V.

What sections of the code cover the exterior of the garage fixtures?
a. 210-15

b. 210-7

c. 210-8

d. 210-7 and 210-8.

Answers:

1.
zé
Bi

a
e
d

PRACTICAL APPLICATION:
Install and secure porch light. The light must be a weather light located in the
proper location.

METHODS OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 22 to determine if the task is completed

with a 90 percent proficiency.

PERFORMANCE GUIDE:

1‘,
23
Ei

4.
5.
6.
7.

Bi
9.

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Install box or fixture housing per manufacturer's installation instructions.
Make wiring connections observing polarity.

Attach lamp assembly to housing or outlet box. Make certain that all
gaskets and seals are in place.

Turn power on.

Assure required operation.



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 22 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF MOISTURE RESISTANT FIXTURE

Student's Name —  Date
DIRECTIONS TO STUDENT: Install and secure a weather proof fixture. Th

o m

fixture must bes the correct height and properly seale
from moisture.

DIRECTIONS TO EVALUATOR: Observe the student using proper safety techniques.
The student is to complete the task within reasonable
amount of time with 90 percent proficieney.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student selected proper materials. @~ ___ _
2. The student used safety precautions, o B}
3. The student demonstrated two methods for
locating installation point. —_—
*4, The student secured a fixture. . _
*5. The student secured an eleetrical eon-
nection. - _
*6. The student found the proper loecation
for mounting a weatherproof fixture. _ — _
*7. The student mounted the moisture proof
fixture and checked for operation. ) _ _
8. The student finished the task within a
reasonable amount of time. _ _
9. The student completed the task in a
workmanship like manner, - _
10. The student dismantled the project and re-
turned the materials to their proper places. } —
*Required for Competency
APPROVED: Yes — No_____
Evaluator's Signature - ~ Date T
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DUTY: INSTALLING LIGHTING FIXTURES
PERFORMANCE OBJECTIVE V-TECS 23
TABK: Install/eonﬁect pilot light to show when appliance is on.

STANDARD OF PERFORMANCE OF TASK: Pilot light must be installed where it
will be readily visible and must burn only when unit or appliance is in operation.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Pilot light
2. The unit
3. Appliance or equipment to receive the pilot light
4. Power source
Previously roughed in wiring
The basie tool kit
7. Installation/electrical materials.

ENAZBLING OBJECTIVE(S):
1. Identify pilot light terminology.
2. Determine the proper tools and materials to be used.
3. Interpret written manufacturer's instruetions furnished with pilot lamp.
4, Recall the techniques of connecting pilot light.

RESOURCES:
Mullin, Electrical Wiring Residential, p. 76.
Alerich, Eleetrieal Construction Wiring, pp. 130-132.

TEACHING ACTIVITIES:

1. Instruet the student to read Electrical Wiring Residential, p. 76 and
Eleectrical Construction Wiring, pp. 130-132.

2. Discuss uses for pilot lights.

3. Identify the types of pilot lights. :

4. Demonstrate the methods of mstallmg pllﬁt lights.

5. Have students practice reading the wiring diagram.

6. Have student discuss why proper installation is important.

CRITERION REFERENCED MEASURE:

Questions:
1. Where are pilot light switehes used?
a. Living room

b. Kitehen
c. Bedroom

d. Furnace room
2. What does the pilot light on the oven indicate?
a. High
b. Low
c. On
d. Broil

-3
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3. The switch light is illuminated when the swit ¢h is:
a. On
b. Off
c. (a) and (b)
d. (a) nor (b)

Answers:
1§ d
26 E

3. b

PRACTICAL APPLICATION:
Install and secure a pilot light switeh in the fuarnace room. The switeh must
illuminate when in the off position.

METHODS OF EVALUATING PRACTICAL APPLICATION:
Use Checklist for Performance Objective 23 to determine the task has been
completed with a 90 percent proficiency.

PERFORMANCE GUIDE:

1. Locate appliance or equipment to receive the pilot light.

2. Locate installation point of pilot light.

3. Turn power off.

4. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

5. Read manufacturer's installation instruections.

6. Attach pilot light to appliance or equipment.

7. Run wire of correct size from load side of equipment terminals to the pilot
light.

8. Connect wire ends of pilot light to wires run from load terminals.

9. Turn power on,

10. Assure required operation.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 23 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF PILOT LIGHT SWITCH

Student's Name — B T “Date

DIRECTIONS TO STUDENT: Install and secure a pilot switeh. The switeh must be
installed in an area accessible from doorway.

DIRECTIONS TQ EVALUATOR: Observe the student using proper safety procedures.
The task must be complete within reasonable time
limit with 90 percent proficiency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials.

2. The student used safety precautions. , _ o

3. The student demonstrated two methods for
loeating installation area. - . _

*#4, The student secured the electrical con-
nections. . ) o

*5. The student secured the switch. ) — — e

*6. The student found the proper loecation for
mounting the pilot switch. - .

*7. The student mounted the switeh and made
necessary operational check. i e

8. The student finished the task within a
reasonable amount of time. I

9. The student completed the task in a work-
manship like manner. .

10. The student dismantled the project and re-
turned the materials to their proper places. . . e

*Required for competency

APPROVED: Yes No

Evaluator's Signature - ~ Date
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DUTY: INSTALLING SERVICE ENTRANCE
PERFORMANCE OBJECTIVE V-TECS 24
TASK: Ground service entrance equipment.

STANDARD OF PERFORMANCE OF TASK: Connections must be made at
designated points and must be tight. The grounding of service entrance equipment
must meet the requirements as outlined by the National Electrical Code (Artiele
250, Parts G, H, J, and K) and the local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 97-107.

CONDITIONS FOR PERFORMANCE OF TASK:
1. The basie tool kit
2. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret residential blueprints,
2. Read and interpret the National Electrical Code.
3. Identify and use service entrance grounding equipment.

RESOURCES:
Mullin. Eleetrical Wiring, Residential, pp. 227-231.
Richter. Practical Electrical Wiring, Chapter 9 and pp. 298-305.
National Eleetrical Code, 1981.

TEACHING ACTIVITIES:
1. Explain the purpose of the system grounding concept.
2. [llustrate what could happen if system is not grounded properly and a short-
to-ground occurs.
3. Explain the National Electrical Code requirements for grounding electrode
4. Explain the National Electrical _“ode requirements for grounding electrode
conductor sizes and types.
5. Have the students calculate grounding conductor sizes for various size
residential services.

CRITERION REFERENCED MEASURE:
Questions:
i. Which of the following could NOT be used as a grounding electrode?
a. 3/4-inch trade size galvanized pipe.
b. 5/8-inch steel rod.
c. 1/2-inch iron rod.
d. 2 square foot metal plate, 1/2-inch thick.
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PERFORMANCE OBJECTIVE V-TECS 24 (Continued)

2.

What size copper grounding electrode conductor is required for a 200-
ampere service entrance?

a. AWG No. 2

b. AWG No. 4

c. AWG No. 6

d. AWG No. 8

Which of the following copper grounding electrode econductors would require
protection from physical abuse?

a. AWG No. ¢

b. AWG No.
c. AWG No.
d. AWG No.

Q0T e b

Answers:

1.
zi
Si

c
b
d

PERFORMANCE GUIDE:

1.
2.
4.

5§
6@
7.
3!

Remove meter base cover.

Locate all installation points.

Apply eorrosive inhibitor if required by authority having iurisdietion.
Terminate grounding conductor at peint designated by the avthority having
jurisdietion.

Drive ground rod or bury grounding electrode. ]

Fasten ground wire to grounding electrode with a clamp approved for direct
burial.

Attach wire to surface of structure.

If a metal water system is installed, extend the grounding conductor to the
water pipe.

§2
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DUTY: INSTALLING SERVICE ENTRANCE

ERFORMANCE OBJECTIVE V-TECS 25

)

TASBK: Install eireuit breakers in panel.

STANDARD OF PERFORMANCE OF TASK: Breaker must be qualified for panel
and must be inserted so that they fully engage the busses and such that the load is
distributed equally. The ampacity rating of the ecircuit breaker must not exceed
that of the eircuit conductors. The installation of the circuit breakers must meet
the requirements as outlined by the National Electrical Code (Articles 240 and
384) and the local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 74-83, 241-246.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Circuit breakers

2. The basie tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret residential blueprints.
2. Read and interpret the National Eleetrical Code.
3. Identify and use circuit breakers by size and type.

RESOURCES:
Mullin. Eleectrieal Wiring, Residential, pp. 234-236.
Richter. Practical Electrical Wiring, pp. 90-92.

TEACHING ACTIVITIES:
1. Explain the trip-free operation of a ecircuit breaker.
2. Explain the ambient temperature compensation for circuit breakers.
3. Have the students identify various cireuit breakers by size and type of

installation.

4, Demonstrate the procedure for installing various types of eircuit breakers in
the panels.

5. Demonstrate the procedure for continuity testing ecircuit breakers with a
VOM.

6. Have the students install the various circuit breakers in the panels.

7. Have the students test the continuity of the various types of eircuit
breakers.

CRITERION REFERENCED MEASUKE:
Questions: )
1. The magnetic coil of a cireuit breaker causes the breaker to trip:
a, On an overload
b. On a short eireuit
¢.  On an open eirecuit
d. On high resistance.




PERFORMANCE OBJECTIVE V-TECS 25 (Continued)

2?

An ambient temperature compensated eircuit breaker has two elements. One
element heats as a result of current passing through it and the other heats
from.

a. Eddy currents

b. Reverse current

c. Surrounding air only

d. Spring tension.

Which of the following is NOT a standard size cireuit breaker?

a. 25 amperes

b. 20 amperes

c. 15 amperes

d. 10 amperes.

What size eircuit breaker would be used to protect a circuit wired with AWG
No. 12 conduetors?

a. 20 amperes

b. 25 amperes

c. 30 amperes

d. 35 amperes.

Answers:

1.
2.
3.
4.

aand b
e
a
a

PERFORMANCE GUIDE:

1.

Ll b
"

Check breaker size and type to insure that the breaker is suitable for use in
panel.

Insert breaker in breaker box.

Assure continuity with VOM.
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DUTY:

ISTALLING SERVICE ENTRANCE

PERFORMANCE OBJECTIVE V-TECS 26

TASK: Install main service panel.

STANDARD OF PERFORMANCE OF TASK: The main serviee panel and
installation must meet the requirements as outlined by the National Electrieal
Code (Articles 110, 230, 384) and the loeal authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 16-24, 57-74, 241-246.

CONDITIONS FOR PERFORMANCE OF TASK:

1i
2.
3.

The main service panel with main breaker installed in panel
The basic tool kit
Installation/electrical materials.

ENABLING OBJECTIVE(S):

1.
2!
3?

Read and interpret residential blueprints.
Read and interpret the National Electrical Code.
Read and interpret local Code requirements.

RESOURCES:
Mullins. Electrical Wiring, Residential, pp. 221-22...

Richter. Practical [

ectrical Wiring, Chapter 17.

TEACHING ACTIVITIES:

1.

Explain the importance of locating the main panel to prevent excessive
voltage drop.

Demonstrate the proecedure for installing the serviece panel on various wall
surfaces, using different types of mounting hardware.

Demonstrate the procedure for installing raceways from entrance to the
main service panel using different types of eonduit.

Have the students list the parts needed to install the service panel on the
different types of wall surfaces,

Have the students install different types of service panels using the
appropriate mounting hardware.

CRITERION REFERENCED MEASURE:
Questions:

1§

The service diseconneeting means permitted by the National Eleetrical Code,
shall consist of not more than ___ switches or circuit breakers mounted in
a single enclosure.

a. two, double-pole

b. four

c. six

d. five

0l
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PERFORMANCE OBJECTIVE V-TECS 26 (Continued)

2@

Who decides where the main service disconnect is to be located?

a. The electrician

b. The general contractor

c. The loeal utility ecompany

d. Bothaand ¢

The main service disconnect placement is determined by the loecation of the:
a. Residential driveway

b. Heavy concentration of loads

c. Meter

d. Meter and heavy concentration of loads.

Answers:

PERFORMANCE GUIDE:

Locate main service panel as near to the point of service entrance as
possible.

Locate height of main disconneeting means from floor level as required by
the National Electrical Code.

Remove knockout from main service panel,

Mark hole for raceway. »

Cut hole through storm sheathing 1/2-inch larger than circle drawn for
knockout.

Install raceway from point of entrance to main service panel.

Attach service panel to structure.
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DUTY: INSTALLING SERVICE ENTRANCE

TASK: Install mast-type (through the roof) service entrance.

STANDARD OF PERFORMANCE OF TASK: All work must be done in a manner
to prevent water from entering the system. Service mast must also be able to
support service drop. The roof clearances, size and type of econduit must meet the
requirements of the National Eleetrical Code (Article 230, Part C and Artiele 310)
and the local authority having jurisdiction. Service entrance conductors must not

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrieal Code, pp. 59-60, 124-161.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
2.
3.
4.

Necessary equipment and the basic tool kit
One roof flange (sized to eonduit)
Weatherproof weatherhead

Fittings.

ENABLING OBJECTIVE(S):

ii
2.
3.

Read and interpret residential blueprints.
Read and interpret the National Electrical Code.
Read and interpret local Code requirements,

RESOURCES:
Rockis. Residential Wiring, Unit 11.
Colvin. Electrieal Wiring, pp. 127-132.

TEACHING ACTIVITIES:

1.
2.

Explain the purpose of the mast type serviee entrance.
Demonstrate the procedure for the installation of the meter base as spotted
by the power supplier.

Demonstrate the procedure for the routing of the mast from meter base
through the roof.

Demonstrate the procedure for installing the roof flange and weatherhead.
Demonstrate the proper procedure for placing the service entrance
conductors into the conduit using wire lubricants.

Demonstrate the testing procedures for shorts and grcands in the service
entrance conductors.

Have the students list all the parts needed to install a mast-type service
entrance.

Have the students assemble a mast-type service entrance, using accepted
practices and testing procedures.



PERFORMANCE OBICTIVE V-T"XCS 27 (Continued)

CRITERION REFERICED MEASTIRE:
Questions:

P

ERF

li

The serviw entrance -<weatherhead should be installed so that the service
drop eondittors are at least feet above ground level.

a. 15

b. 12

c. 10

d. 8

The metersocket is nesxmally mounted:

a, A muimum of 7 Feet to top of meter

b. A miimum of 4 £eet above service entrance ell

o, At eplevel, 66 iTiches above grade

d. At theheight of £he owner.

Conduit pising from tIe outside to the inside must be sealed:
a. To pevent rain vwrater from entering conduit

b. To pevent rodents from entering the building

c. To pevent the installation of too many wires

d. To pevent air cir-culation through the conduit.

Answers:

Bl gt et

e R R %W‘MHQ

10. .

11.
12.
13.
14.

4]

oM ]

LMANCE GUIDE:

Request pwer supplier to spot meter base.

From metobase, construet a vertical line to the roof overhang.

Locate ceier of hole on soffit board.

Bore a hokslightly larger than conduit, through soffit board, decking, and
roofing.

Install comit through roof down to meter base.

Tighten cmduit into hu o of meter base.

Fasten coniit to wall <with rigid eonduit straps.

Install rodflange arouxid conduit, secure to roof.

Run servit entrance <=onductors down to meter base and leave enough of
Connect sivice entrarxce conductors to line lugs of meter base and tighten
securely,

Run conduytors from I«>ad lugs of meter base to disconnect in main service
panel,

Install westherhead with one wire per hole in weatherhead.

Where conliit enters se>ffit board, seal with waterproof sealant.

Test serviventrance e=onductors for shorts or grounds.

88

84



DUTY: INSTALLING SERVICE ENTRANCE

PERFORMANCE OBJECTIVE V-TECS 28

TASK: Install main service disconrect,

STANI)ART_) QF PERFQRMAHGE GF TASK- The rnain Sérﬁtzs{:e discnnnect must be

conductors. The main service dlstgonnegt must be quallfzed for use in the gervice

entrance and must be of the properamperage. The main sezrvice disconnect must
meet the requirements as outlined by the National Electric=al Code (Article 230,
Part H and Article 110 and 250) andthe local authority havins g jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 16-24,65-67, 83-110.

CONDITIONS FOR PERFORMANCE(OF TASK:

1@
Zi
Si

The main service disconnect
The basie tool kit
Installation/eleetrical material

ENABLING OBJECTIVE(S):

1. Read and interpret residentialblieprints.

2. Read and interpret the Nationul Electrical Code.

3. Read and interpret local Coderequirements,
RESOURCES:

Richter. Practical Electrical Wiringpp. 225-230.
Mullin. Eleetrical Wiring, Residentii, pp. 223-227.
National Eleetrlea Code, 1981, Articde 230.

TEACHING ACTIVITIES:

1. Explain the procedure for loctting the main servieé disconnect using the
National Electrical Code, Artice 230. ,

2. Demonstrate the procedure for installing the maima service disconnect
enclosure to the wall surface uing different types of Meounting fixtures.

3. Have the students list all of the parts necessary to iknstall a main service
diseconnect,

4. Have the students assemble a min service disconnect & =nclos using typical
material for their area.

5. Demonstrate the trimming outund testing of the main ssservice disconnect.

CRITERION REFERENCED MEASURE:
Questions:
1. The service disconnecting mems shall be installed a8t - a readily accessible

loeation nearest:

a. The point of attachment of the service drop

b. The point of entrance of the service conductors
c. The grounding electrodes

d. The meter location.



PERFORMANCE OBJECTIVE V-TECS 28 (Continued)

2. The purpose of the main disconnecting means is to disconnect all eonductors
in the building from the service entrance conductors with no more than
e hand operations.
a. two
b. four
c. six
d. eight.
3. The meter base should be mounted on the outside wall surface:
a. At eye level, 66" above grade
b. Directly above main service disconnect
c. On the street side of the mobile home
d. Not more than 30 feet from the mobile home.

PERFORMANCE GUIDE:
1. Loecate installation point for the main service disconnect.
2. Attach the main service disconneet to the building structure.
3. Attach feed cables into main service disconnect.
4. Connect service conductors to the line lugs of the disconnect.
5. Connect load conductors to load lugs of the disconnect.
8. Terminate load conductors at load being served.

9




DUTY: IMNISTALLING SERVICE ENTRANCE
PERFORMIANCE OBJECTIVE V-TECS 29
TASS K: Install/eonnect mobile home service.

STA_INDARD OF PERFORMANCE OF TASK: Service must meet the unit data
plat«= ratings of the mobile home. All wiring must pe inspected by the local
inspe=ctor. Connections must be made at designated points and must be tight using
appr-oved connectors. The installation and connections of a mobile home service
mus®E meet the requirements as outlined by the Nationa] Electrical Code (Article
550, 300-5 and 250) and the local authority having jurisdietion.

SOU RCE OF STANDARD:
Tenraessee Writing Team.
Nati-onal Electrical Code, pp. 83-110, 114-115, 477-490,

CONE DITIONS FOR PERFORMANCE OF TASK:
1. The basie tool kit
2. Installation/electrical materials,

ENABLINCS OBJECTIVE(S):
1. Read and interpret the National Electrieal Code.
2. Read and interpret the local Code requirements.
3. Read and interpret the manufacturer's mobile home data plate.

RESOURC=ES:
Richter. Practical Electrieal Wiring, pp. 446-452,
Roclecis. Residential Wiring, pp. 183-184.

TEACHINCS ACTIVITIES:
1, Have the students read and discuss textbook Practjeal Electrical Wiring, pp.
A 446-452 and Residential Wiring, pp. 183-184,

2, Explain how a wiring permit is obtained from the loeal authority using
standard procedures.

3. Have the students go through the actual procedure for obtaining a wiring
permit for a sample installation.

4, Demonstrate the installation procedures for a Sample mobile home service.

5. Have the students install the sample mobile home service using the locally
approved materials and methods,

6. Have the local inspector inspect the installation, explaining each step in the
inspection process.

CRITERIO 3N REFERENCED MEASURE:

Quesxions:

1, The ampere rating of the mobile home service ¢an be found:
a. By calculating the floor area and multiplying by the unit load per

square foot

b. By installing only 200 ampere services
c. On the metal nameplate near the feeder entrance
d. On the inside corner of the guest closet.
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PERFORZEIMANCE OBJECTIVE V-TECS 29 (Continued)

2. The wiring of the mobile home shall be sibjected toa ______ -mincate, -
volt, dieleetric test between live parts anithe mobile home groun_d. :
a. i, 6040
b. 1, 900
. 2, 600
d. 2, 900
3. The grounded ecircuit conductor (neutrnl) shall be __ tc=/from the
grounding eonductors, equipment eneclosursand other grounded pe=rts.
a. connected
b. bonded
c. insulated
d. welded
Ans—=wers:
1. c
2. b
3. c
PERFORMAANCE GUIDE:
1. Request power company representative tofield check site befor—e wiring is
begun.
2. Obtain a wiring permit.
3. Erect a creosoted or treated pole as secified by local pow er serviece
représentatlve-
4. Anchor service pole opposite pull of serviedrop with approved eqmipment.
5. Open a trench to a depth to accommodatethe installation method.
6. Attach meter base to pole at proper height (§'-6") above finish grsl‘:ge-
7. Install eonduit nipple from meter base to witerproof disconnecting— means.
8. Attach disconnecting means enclosure to ple.
9. Install eonduit bushing on conduit inside meter bage.
10. Attach conduit from meter base to top of pole.
11. Strap conduit to pole.
12. Run conductors from meter base to etend at least 18" cSutside of
weatherhead.
13. Install weatherhead.
14. Drive ground rod or bury grounding electrode,
15. Fasten grounding electrode conductor to grunding electrode.
16. Run conduector from meter base to rain tightdisconnecting means.
17. Install approved raceway from disconnectiig means on pole to bottom of
diteh for service entrance.
18. Install conduit bushing on conduit if appljcable.
19. Install approved raceway from dxstmbutmn panel in mobile home to bottom
of trench.
20. Install conduit bushings if applicable.
21. Run entrance conductors from service pole disconnect to distribu=tion panel
in mobile home.
22. Make all wiring eonneetions.
23. Insure that a grounding conduector from guunding terminal of mcsbile home
distribution panel to frame of home is intat,
24. Have service inspected.
25. Fill trench with rock free dirt. If rocks exist, follow local powemr company

rules for coverage.
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DUTY: I'NSTALLING SERVICE ENTRANCE

PERFOR "MANCE OBJECTIVE V-TECS 30

TASSK: Install service entrance cable to service drop.

STAANDARD OF PERFORMANCE OF TASK: Service entrance c=able must not be
inst-alled on masonry or metallic services and must be secured wit -=hin twelve inches
of Zermination and not to exceed intervals of 4% fest. The ir—astallation of the
serwsice entrance must meet the requirements as outlined by the National
Elee—trical Code (Article 230-54. 230-55. 338) and the local ==muthority having
juri==sdiction.

SOUJIRCE OF STANDARD:
Tern_messee Writing Team.
Nat-3onal Electrical Code, pp. 64, 137-188.

COBENDITIONS FOR PERFORMANCE OF TASK:

1,
2.
3.
éL

A serviee entrance eable

A previously installed meter base
The basie tool kit
Instal;atmnieleetneal materials.

EN‘.ABLII!?!= G OBJECTIVE(S):

1, Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.
RESOURCES:

Colwrin. Electrical Wiring, pp. 122-125.
Aler—ich. Electrical Construction Wiring, pp. 264-266.
Rickater. Praetical Electrical Wiring, pp. 291-293.

TEACHIN G ACTIVITIES:

1!

gi
Si
4i

5&

J¢

Describe the commonly used service entrance (SE) cables wausing samples of
each.

Explain the preparation procedures to follow whenusing alursmninum cable.
Calculate the length of the SE cable from weatherhesd to th..e meter base.
Demonstrate the removal of the SE eable outer covering.

Demonstrate the preparation of the neutral wire for ins=tallation at the
weatherhead and the meter base.

Demonstrate the installation of the SE cable in the weatherh= ead.
Démﬁnstrate the prgegdure for installing the weatherhead a-bove the service

Demanstraté the installation procedures for securing the SE s=cable to the wall
surface,

Demonstrate the procedures for installing the water tight ——=onnector at the
meter base.

Demonstrate the procedure for installing the SE table to  the meter base
connectors.

Have the students list all the materials needed to install th- e SE cable from
meter base to serviee drop attachment point.

Have the students instzll a SE cable from weathethead t0 zameter base on a
typical wall surface.



CRITERION REFERENCEEE) MEASURE:
Questions:
1. Servlce Entranc=e cables shall be supported within _____ inches of the meter
baseand at inte=rvals not more than _____feet.

8. 6,2
b, 12, 2
. 12,4

d. 12, 4%
2.  Theweatherhea - d should be located:
a. Below the service drop attachment point
b. Above the - service drop attachment point
¢. Not more - than 24 inches from the service drop attachment point
d. Either b 0= c.
3. To prevent mo=3Isture from entering the building, SE conductors shall be
comected to them= service drop conductors:

a4, Below the 1level of the weatherhead
b, Below the level of the end of the SE cable sheath
¢. Below the roof overhang
d. Either g o— b.
Answers:
1. d
2. d
3. a

. PERFORMANCEGUIDE:
1. Remove meter b=ase cover.
2. Attach cable to Edine side of meter base using approved connectors.
3. Attach cable {0 =surface of structure.
4. Conneet cable te> line lugs of meter base.
5.  Ternminate upper end of cable above termination of service drop.
6. Provide sufficiemmt cable to form drip loop.
7. Replace meter b==se cover.
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DUTY: INSTALLING SERVICE ENTRANCE
PERFORMANCE OBJECTIVE V-TECS 31
TASK: Install temporary service entrance.

STANDARD OF PERFORMANCE OF TASK: Install temporary service entrance.
Installation must provide voltage and ampacity required. Branch ecircuits (15 and
20 ampere) must have ground fault protection. Service must be installed in
weatherproof enclosure if located outside. The installation of a temporary service
entrance must meet the requirements as outlined by the National Eleetrical Code
(Article 305, 230, 250 and 210-8B) and the local authority having jurisdietion.

SOURCE OF STANDARD:

Tennessee Writing Team.

National Electrical Code, pp. 32, 57-74, 83-110, 122-124.
CONDITIONS FOR PERFORMANCE OF TASKE:

1. The basie tool kit

2. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.

HING ACTIVITIES:

1. Explain the procedure for determining the location of the temporary service
entrance (TSE).

2. Explain the procedure for determining the proper length of the TSE pole.

3. Describe the TSE components and their function in the installation.
4. Demonstrate the assembly of the components on the pole using local code

requirements.
Have the students make a list of all the materials needed to assemble a TSE.
Have the students assemble a TSE using a typical pole and components.

CRITERION REFERENCED MEASURE:
Questionc:

1. The service drop of 2 tempcrary service entrance must have a minimum
clearance of ______ feet above grade.
a. 10
b. 12
c. 15
d. 18
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PERFORMANCE OBJECTIVE V-TECS 31 (Continued)

2. To insure proper support, the pole should be put into the ground to a depth of

feet,
a. 2
b. 4
c. 6
d. 8
3. The meter base should be mounted on the service pole at a height:
a. Eight feet above ground level

b.  Eye level to power supplier
c. Five to six feet above ground level
d. Four feet above ground level.

Answers:
1. a
2. b
3. c

PRACTICAL APPLICATION:
Install a temporary service entrance using typical electrical materials following
local Code reguirements,

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist for Performance Objective 31 to determine if the assignment was
completed with at least 80 percent proficiency.

PERFORMANCE GUIDE:
1. Request power supplier to approve the proposed location.
2. Lay pole on ground. 7
3. Mark off the depth the pole goes in the ground.
4. Attach meter base five to six feet above ground level.
5. Install raceway or service cable from meter base to top of service pole.
6. Attach raceway to service pole.
7. Install weatherhead.
8. Install raceway between meter base and main service panel.
9. Attach service panel to pole.
10. Install eonduit from waterproof receptacle box(es) to service panel.
11. Attach receptacle box to pole.
12. Run all wiring and make wiring connections.
13. Install ground fault protection.
14. Run ground wire and fasten to pole down to ground level.
15. Dig hole for service pole.
16. Install service pole. Tamp dirt back tightly.
17. Drive ground rod or bury grounding eleectrode.
18. Fasten ground wire to ground rod or grounding electrode with approved
device,
19. Install pole reinforcement as required.
20. Have installation inspected.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 31

PRACTICAL EVALUATION FOR TSE INSTALLATION

Student's Name

DIRECTIONS TO STUDENT: Install the temporary service entrance with at least 2,
20 ampere branch ecircuits having ground fauit
protection. .

DIRECTIONS TO EVALUATOR: OtLserve the student, Pay close attention to the items
to be evaluated. Be sure the task is eompleted within
a reasonabie time as would be required on the job at
80 percent proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student has selected the correct length
of pole.

2. The student mounted meter base at correct
height.

3. The student secured the service cable
properly. - .

4. The student installed the weatherhead pro-
perly. . -

5. The student installed the watertight con-
nectors properly.

6. The student connected the econduetors to
meter base and service panel securely. _ e

7. The student properly installed the outlets. e

8. The student installed the ground fault pro-
tection.

9. The student installed the grounding con-
ductor. . e

10. The student mounted the pole in the ground.




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 31 (Continued)

[t

1. The student installed the grounding
electrode.

12. The student connected the grounding con-
ductor to the grounding electrode.

13. The student cleaned up the work area.

APPROVED: Yes _ No

Evaluator's Signature
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DUTY: INSTALLING SERVICE ENTRANCE
PERFORMANCE UBJECTIVE V-TECS 32
TASK: Install underground service entrance.

STANDARD OF PERFORMANCE OF TASK: Underground service entranece must
meet the requirements as outlined by the National Electrical Code (Article 230,
Part D, 250, Chapter 9, Tables 2 and 3, and Article 300-5) and the loeal authority
having jurisdiction as to conduit size, trench depth and other regulations.

SOURCE OF STANDARD:
Tennessee Writing Team.
Hational Eleetriecal Code, pp. 60-61, 83-110, 114-116, 633-61386.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Th basie tool kit
2. Installation/electrical materials.

ENABLING OBJECTIVE(S):

1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.
RESOURCES:

Mullin. Eleetrical Wiring, Residential, pp. 221-222.
Colvin. Electrical Wiring, pp. 135-138.
Alerich. Eleetrical Construetion Wiring, pp. 259-261.
TEACHING ACTIVITIES:
1. Describe local power supplier requirements regarding supplier and consumer
responsibilities.
2. Explain the use of conduit in service lateral installations.
3. Explain the use of conduetors suitable for direet burial in the ground.
4, Demonstrate the procedure for installing conduit as required at the meter
: base and power supplier pole.
5. Have the students install a typical underground SE using a simulated job site.

CRITERION REFERENCED MEASURE:

Questions:

1. The minimum cover for direct burial cable is:
a. 12 inches
b. 12 inches if in conduit

c. 24 inehes
d. 24 inches if in condui..

2. Residential branch circuits rated at not more than 300 volts, 30 amperes
shall be covered at a minimum depth of __*_ inches.
a. 12
b. 18
c. 24
d. 36
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PERFORMANCE OBJECTIVE V-TECS 32 (Continuad)
3. When underground service conductors are installed up a pole, mechaniecal
protection must be provided at least _ feet above ground level.
a. 12
b. 10
c. 8
d. 6

Answers:
1. c

oW

RMANCE GUIDE:
Request power supplier to spot meter base location.
Attach meter base to structure.
Open a trench from local power company pole to a point under meter base.
Install conduit from meter base to a point near the bottom of the trench.
Install plastic bushing on bottom of eonduit.
Fasten required lengths of conduit together.
Prepare required raceway for conduetors at pole.
Request inspection.
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INSTALLING SWITCH BOXES AND
OUTLET BOXES

11




DUTY: INSTALLING SWITCH BOXES AND OUTLET BOXES
PERFORMANCE OBJECTIVE V-TECS 313
TASBK: Install (bar-hanger) mounted box.

STANDARD OF PERFORMANCE OF TASK: Box must be securely mounted to be
flush with the finished ceiling and be located according to plans. The installation
of the bar-hanger mounted box must meet the requirements as outlined by the
National Electrieal Code (Article 370) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrieal Code, pp. 224-232.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Box

2. Set ol floor plans showing the basie wiring system
3. The basic tool kit

4, Instaliation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify and use the terminology associated with electrical boxes.
2 Use of proper hand tools and materiais. :
3. Read and interpret the information given on floor plans.
4 Recall the technique of locating the ceiling point.

RESOURCES:
Taylor. Residential Wiring, pp. 27-62.
Foley. Eleetrical Wiring Fundamentals, pp. 123-139.
National Electrical Code, 1981. Articles 370-5 to 370-19.
Colvin. Electrical Wiring, pp. 47-49.

1. lnstmet the student to read Residential Wiring, pp. 27-62, Electrical Wiring
Fundamentals, pp. 123-139, and National Eleetrical Code, 1981, Articles 310-
5 to 310-19.

2. Discuss different usage of electrical boxes,

3. Identify the different types of finish wall material.

4, Demonstrate procedure used to find installation point.

5. Have students practice finding the center points in given areas.

6. Have students discuss why proper installation is important.

CRITERION REFERENCED MEASURE:

Questions:
1. The most common shape electrical box for ceiling lights is:
a. Round

b. Octagon
c. Rectangular
d. Triangular.




PERFORMANCE OBJECTIVE V-TECS 33 (Continued)

2. In relationship to a finished wood eeiling, electrical boxes must be:
a. Just above finish
b. Surface mounted
c. Supported with straps
d. Flush with finished surface.
3. Electrical boxes should be located in rooms according to:
a. Electrical inspector
b. Home owners
c. House plans
d. N.E.C.

Answers:

1. b

2. d

3. ¢ and d

PRACTICAIL APPLICATION:
Install and secure a bar-hanger mounted box. The box must be flush with finished

ceiling and in the eenter of the room.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist Performance Objective 33 to determine if the assignment was
completed with at least a 90 percent accuracy.

PERFORMANCE GUIDE:

1. Locate installation point,
2.  Attach bar to joist such that box will be flush with the finished ceiling.
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CHECEKLIST FOR PERFORMANCE OBJECTIVE V-TECS 33 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF (BAR-HANGER) MOUNTED BOX

Student's Name - ) ~ Duie ]
DIRECTIONS TO STUDENT: Install and secure a bar-hanger mounted box. Box

must be flush with finished ceiling and in center of
the room.

DIRECTIONS TO EVALUATOR: Instructor will observe student using proper safety
techniques. Student is to complete task within
reasonable amount of time and a score of 90 percent
is required for competeney.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials.
2. The student used safety precautions. _
3. The student demonstrated two methods for

finding the center of the room. -
4. The student secured the box to bar-hanger.
5. The student secured the box and hanger to

the structural member.
6. The student found the center of the room.
7. The student mounted the box flush with the

ceiling finish. -
8. The student finished the task within a

reasonable amount of time.
9. The student completed the task in a work-

manship like manner. _ e -

10. The student dismantled the project and re-
" turned the materials to their proper places. -

APPROVED: Yes _ No__
Evaluator's signature - Date )
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DUTY: INSTILING S ITCH BOXES AND (UTLET BOXES
PERFORMAXNE OBJECSTIVE V-TECS 34
TASK: Istall fluslh mount junction bosx

STANDAD OF PREERFORMANCE OF TSK: Box must be flush with the finished
surface id be loc=ated according to plms, Junction box must be accessible after
ingtallatn, The installation of the fish mount junetion box must meet the
réquire nets as oumtlined by the NatiomnlElectrical Code (Article 370, Part B) and
the localuthority having jurisdietion.

CONDITONS FOR- PERFORMANCE OfTASK:

1. A flish moun=t junetion box

2. A st of flooe= plans showing the bsic wiring system
3. Thebesie tommel kit

4. Ingtillation/e=1lectrical materials.

ENABLING QUECTIVECS):
1. Iqality and L_ase electrical boxes which are utilized as junetion boxes.
2. Ustthe prope=r hand tools and malerigls.
3. Renand intesrpret the informatiogiven on electrical plans.
4. [qetify the ==ondition of the surfaethe box is to be mounted in.

RESOURCES:
Foley. [eectrical W iring Fundamentals, ) 124.
Nationalllectrical* Code, 1981. Articlel?0-19.

TEACHING A(NVITIES=
1. Ingiiet the =tudents to read Rlwtrieal Wiring Fundamentals, p. 124 and
Eleatrical Wimeing, p. 89.
2. Disiss with =students the types ofwill surfaces and installation procedures.
3. Demnstrate the procedure for loemting the installation point.
4, Disuss what Is meant by "accessible
§.  Shovboxes ttaat are presently mouited in the building.

CRITERION RIFERENC ED MEASURE:
Question
1. Howmust EIE‘«Q’EE‘)E&I boxes used asinction boxes be covered?
2. Allwring in B unction boxes must be
3. Hovlsa junc®Eion box normally shownon a blueprmt?
4,  Juption boxe==s are used for what pirpose?
A

Ngwelyg:
1. Withasolid b2 ank plate of like material
2, Aeusible
3. Witla"J" in #=he middle of the synmbol
4, Sblihg of comnductors in a locationmt suitable for a device.
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PERFORMANCE OBJECTIVE V-TECS 34 (Continued)

PERFORMANCE GUIDE:
1. Locate installation point.

2. Locate junction box so it is accessible.

3. Attach junetion box to structure such that it will be flusn with the finished
surface.




DUTY: INSTALLING SWITCH BOXES AND OUTLET BOXES
PERFORMANCE OBJECTIVE V-TECS 35

TASK: Install flush mount switch and outlet box inadry wall, lath or p laster wall,
or paneled wall.

comply with governing codes, must be mgunted SEEui‘Ely and fluslﬁ with the
finished surface, and be located according to plas. The installatio=n type and
location of switeh boxes and outlet boxes must meet the requirements as outlined
by the National Electrical Code (Article 370, Part B) and the loeca_1 authority
having jurisdietion.

SDURC-E GF S‘TALTDARD-
Natmna.l Electrlegl Code, pp. 225-230.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Switch box

2. A set of floor plans showing the basic wiring system and/or outlet Ebox
3. The basie tool kit

4, Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify and use electrical boxes which are utilized for switech and outlet
installations in drywall, paneling, ete.

2. Use the proper hand tools and materials.
3. Read and interpret the information given on electrical plans,
4. Identify the thickness of finished surfaces,

RESOURCES:
Foley. Eleetrical Wiring Fundamentals, pp. 35-49.
National Eleetrical Code, 1981. Articles 370-5 to 370-13.

TEACHING ACTIVITIES:
1. Instruct students to read Electrical Wiring Fundamentals, pp. 1==29-132 and
Electrical Wiring, pp. 35-49.
2. Discuss with students the different types of wall surfaces and E nstallation

procedures.
3. Have students measure different wall finish materials.
4. Demonstrate the procedure for locating installation point.
5. Demonstrate the different mounting procedures,

CRITERION REFERENCED MEASURE:
Questions:
1. The mounting of electrical switch and outlet boxes must meet:
a. OSHA standards
b. N.E.C. regulations
c. Owners nead
d. U.L. regulations
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PERPUMIRMANCE OBJECTIVE V-TECS 35 (Continued)

94 The location of switches and outlets are showng the:
a. Specification sheets
b. Symbol sueet

c. Electrical plans
d. Detail drawings. ,

3 An eleetrical box mounted between studs will ngires
a. Plaster rings

b. External brackets
c. Expansion anchors
d. Box supports.

Arniswers:
1/ b
2, ¢
3/ d

PRAQY{WECAL APPLICATION:
[fv=stall eleetrical box for switch at 48 inches to aentergbove ("I nigh fur.
IM'=stall electrical box for outlet at 12 inches to centerhove fisg wigh o
B0'oth boxes are to be securely mounted on the side o the stezad ghdlish with  the
il mish wall of 1/2 inch.

METRJU-D OF EVALUATING PRACTICAL APPLICATION:
Us=me Checklist Performance Objective 35 to detemite if the mgnment was
cPu=mpleted with at least a 90 percent accuracy.

PERFUNIRMANCE GUIDE:

1/ Loecate installation point.

2 Determine the thickness of the finished sueface

3/ Position switeh box and/or outlet box.

4/ Attach to structure so that the box will be flushwith thee2 Bipigusurface—
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 35 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF SWITCH AND OUTLET BOXES IN
DRYWALL

Date

Student's Name

DIRECTIONS TO STUDENT: Install electrical box for switch at 48" to center above
finish floor.
Install electrical box for outlet at 12" to eenter above
finish floor.
Both boxes are to be securely mounted on the side of
the stud and flush with finish wall of 1/2 inech drywall.

DIRECTIONS TO EVALUATOR: Instructor will observe the student using proper safety
techniques and items to be evaluated. The student is
to complete the task within a reasonable amount of
time and a score of 90 percent is required for
competency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected the proper materials. , _ _

2. The student used safety precautions, . ) _

3. The student mounted the switch box at the
proper height. — _ _

4. The student mounted the outlet box at the
proper height. o

5. The student properly secured the boxes to
the stud. N -

6. The student mounted switch box flush to 1/2
inch drywall finish. . - -

7. The student mounted outlet box flush to 1/2
ineh drywall finish.

8. The student finished the task within a reasonable
amount of time. . .

9. The student completed the task in a workmanship
like manner. —

10. The student dismantled the project and returned
the materials to their proper places. - —

APPROVED: Yes _ No

Evaluator's Signature Date



DUTY: INSTALLING SWITCH BOXES AND OUTLET BOXES

PERFORMANCE OBJECTIVE V-TECS 36

TASK: Install flush mount switch and outlet boxes in a masone ry wall.

STANDARD OF PERFORMANCE OF TASK: Boxes must be installed so they will
not be recessed more than 1/8 inch from finished surface. Box must be instailed
level across the top and be of correct size to accept switeh or outlet and be
anchored permanently. The installation of the boxes must meet the requirements
as outlined by the National Electrical Code (Article 370, Part B) and the local
authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 225-230.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Box

2. A floor plan showing the basic wiring system
3. The basie tool kit

4. Installation/electrical materials.

ENABLING OBJECTIVE(S):

1. Identify and use the electrical boxes which are utilized for switeh and outlet
installations in a masonry wall.

2. Use the proper hand tools and materials.

3. Read and interpret the information given on eleetrical plans.

4. Identify the procedure for the supporting of an eleetrical box in a masonry
wall.

RESOURCES:

Alerich. Electrical Construciion Wiring, pp. 367-371.

TEACHING ACTIVITIES:

1. Instruct the students to read Electrical Construetion Wiring, pp. 367-371.

2. Illustrate the construetion of a concrete block.

3. Demonstrate the procedure for marking the outline for an electrical box.

4. Demonstrate the procedure for chiseling a hole for an eleetrical box
installation.

5. Provide the students with a field trip to a construction site to view electrical
boxes being installed.

CRITERION REFERENCED MEASURE:

Questions:

1. What is the best tool to use for eutting a hcle in 2 masonry wall for an
electrical box?

2. One method of securing an electrical box in a masonry wall is by using

3. The ideal area té cut an electrical box into bloek is in a _ .
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PERFORMANCE OBJECTIVE V-TECS 36 (Continued)

Answers:
1. A concrete chisel

2. Wood wedges
3. Hollow space

PRACTICAL APPLICATION:
Install and secure both a switech and outlet box in a masonry wall. The box must be
secure, level and within an 1/8 inch from the finish surface.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 36 to determine if the assipnment was
completed with at least a 80 percent accuracy.

PERFORMANCE GUIDE:

1. Locate installation point.
2. Attach previously roughed in eable or econduit in box.
3. Position box in the wall.
4, Anchor box in wall.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 36 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF SWITCH AND OUTLET BOX IN A

5
MASONRY WALL

Student's Name "" “Date
DIRECTIONS TO STUDENTS: Install and secure both a switeh and an outlet box in a

masonry wall. The box must be secure, level and
within 1/8 inch from the finish surface.

DIRECTIONS TO EVALUATOR: Instructor will observe the student using proper safety
techniques and items to be evaluated. The student is
to complete the task within a reasonable amount of
time. A score of 90% is required for competency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student selected the proper materials.
2. The student marked the boxes on the wall. _ ,_;
3. The student used chisel to outline the box. -
4. The student finished the box cutout neatly. _ _
5. The student leveled the electrical boxes. _ 7 o
6. The student installed electrical boxes within
1/8 ineh from the finish surface. _ - _
7. The student installed the cable to the box. -
8. The student secured the box to the wall. o -
9. The student finished the task within a
reasonable amount of time. — . _
10. The student dismantled the project and re-
turned the materials to their proper places. e .
APPROVED: Yes No
Evaluator's Signature T T ~ Date **’”
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DUTY: INSTALLING SWITCH BOXES AND OUTLET BOXES
PERFORMANCE OBJECTIVE V-TECS 37
TASBK: Install gangable boxes.

STANDARD OF PERFORMANCE OF TASK: Gangable buxes must be of required
size and type. Boxes must be fastened securely to the structure and be level
across the top. The installation of the boxes must meet the requirements as
outlined by the National Electrical Code (Article 370, Part B) and the loeal
authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrical Code, pp. 225-230.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Gangable boxes

2. A set of floor plans showing the basic wiring system
3. The basie ool kit

4, Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify and recall the construction of an electrical gangable box.
2. Use proper hand tools and materials.
3. Read and interpret the information given on the electrical plans.
4, Identify the methods of supporting eleetrical boxes.

RESOURCES:
Foley. Electrical Wiring Fundamentals, pp. 127-128.
National Electrical Code, 1981. Articles 370-5 -- 370-19.

[

TEACHING ACTIVITIES:
1. Instruet the students to read Electrical Wiring Fundamentals, pp. 127-128.
2. Discuss what is meant by "gangable."
3. Demonstrate the procedure for locating the installation point.
4, Discuss "when" and "when not" to use a gangable box.
5. Have the students connect two or more gangable switch boxes.

CRITERION REFERENCED MEASURE:
Questions:
1. A "gangable" box should be supported between two studs with the help of
what materials?
2. What must be done to increase the size of a "gangable" box?
3. What does the N.E.C. require all unused openings in electrical boxes to be?

Answers:

1. Metal or wood strips

2. Remove side cover of box
3. Effectively elosed




PERFORMANCE OBJECTIVE V-TECS 37 (Continued)

PERFORMANCE GUIDE:
1. Loecste installation point.
2. Determine number of boxes needed.
3. Fasten boxes together.
4, Attach boxes to structure as to be flush with finished surface.
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PERFORMANCE OBJECTIVE V-TECS 38
TASK: Install octagon outlet box.

STANDARD OF PERFORMANCE OF TASK: The outlet box must be mounted
securely to the structure and be located according to the plans. The installation
and location of octagon outlet boxes must meet the requirements as outlined by
the National Electrical Code (Article 370, Part B) and the local authority having
jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrieal Code, pp. 225-230.

CONDITIONS FOR PERFORMANCE OF TASK:
1. An octagon outlet box
2. A set of floor plans showing the basic wiring system
3. The basic tool kit
4, Installation/electrical materials.
ENABLING OBJECTIVE(S):
1. Identify the shape or design of an octagon box.

2. identify the different sizes of octagon outlet boxes.
3. Use proper hand tools and materials.
4. Read and interpret the information given on the electrical plans,
5. Use knowledge of locating the position and installation of an octagon outlet
box.
RESOURCES:

Miller. Residential Electrical Wiring, pp. 206-209.
Colvin. Eleetrieal Wiring, pp. 47-49.

ACHING ACTIVITIES:
1. Instruet the students to read Electrical Wiring, pp. 47-49 and Residential
Electrical Wiring, pp. 206-209.
2. Discuss and show the different types of oetagon boxes.
3. Demonstrate the procedure for locating the installation point.
4, Have the students discuss where octagon outlet boxes should be installed.

9. Review the methods used for attaching octagon boxes to structural members.

CRITERION REFERENCED MEASURE:
Questions:
1. Oectagon boxes come in sizes of:
a. Single and double gang
b. Three and four inches
c. Large and small
d. All of the above.




PERFORMANCE OBJECTIVE V-TECS 38 (Continued)

2. The space of an octagon box can be inereased to hold more conduetors with
the use of an:
a. Outlet box cover
b. Expandable bar hanger
c. Extension box
d. Any of the above.
3. Octagon boxes are:
a. Square
b. Eight sided
c. Round
d. 8ix sided.

PERFORMANCE GUIDE:
1. Loeate installation point on strueture.
2. Attach octagon outlet box to structure according to electrieal plans.
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DUTY: INSTALLING SWITCH BOXES AND OUTLET BOXES
PERFORMANCE OBJECTIVE V-TECS 39
TASK: Install outlet boxes for receptacles and switches in existing wall.

STANDARD OF PERFORMANCE OF TASK: Installed receptacles and/or switch
boxes in emstmg wall must be of required size and type. They must be located as
specified in the floor plans and must be level across the top. The installation of
the fixture housing must meet the requirements as outlined by the National
Electrical Code (Article 370, Part B) and the loeal authority having jurisdiction.

SDT_TRCE OF STANDARD-

N a,tlt;mal, Elec:tneal (Zi:de, pp- 225-230.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Wall boxes

2. Power source

A set of floor plans showing the basie wiring system
Previously roughed in wiring

The basie tool kit

. Installation/electrical materials.

o on e L

ENABLING OBJECTIVE(S):
1. Identify and use the electrical boxes which are for installing receptacles and
switches in an existing wall.

2. Use proper end tools and materials.

3. Read and interpret the information given on the electrical plans.

4, Use knowledge locating the stud for mounting the electrical box.

5. Identify the eircuit route where electrical boxes will be fed.
RESOURCES:

Miller. Residential Electrical Wiring, pp. 292-302.
Alerich. Eleetrical Construction Wiring, pp. 405-424.

TEACHING ACTIVITIES:
1. Have the students read Residential Electrical Wiring, pp- 292-302 and
Electrical Construction Wiring, pp. 405-424

2. Discuss with the students the terms and definitians: associated with electrical
remodeling.

3. Review the students on the different types of wall surfaces that :night be
encountered.

4, Demonstrate the procedure for finding studs.

5. Discuss possible problems that can arise in cutting in electrical boxes in

existing walis.

6. Demonstrate the proper technique for cutting a box opening in a wall.

7. Demonstrate the attachment of boxes to the structure flush with the finished
surface.
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PERFORMANCE OBJECTIVE V-TECS 39 (Continued)

CRITERION REFERENCED MEASURE:
Questions:
1. What is the standard "stud" spacing normally icund in existing struetures?
2. What tool is used to find a stud?

What is used as a common method of installing an electrical box?

What must all eleetrical boxes after installations be?

P o

Answers:
1. 16 inches on center
2. Stud finder
3. Metal box supports
4, Flush to finished surface and level across the top

PRACTICAL APPLICATION:
Install and secure both a switeh and receptacle box in an existing wall made of
drywall. The switeh box is to be mounted on a stud at 48" to center. The
receptacle box is to mounted in center of the studs and 12" to the center. Both
are to be mounted flush with the finish wall and level aeross the top. A finish
plate must cover opening cut out for a box.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist Performance Objective 39 to determine if the assignment was
completed with at least a 90 percent accuracy.

PERFORMANCE GUIDE:
1. Locate installation point.
2. Draw outline of box on wall near stud, if possible.
3. Cut holes in existing wall of size to accept box to be installed or remove
paneling or wall board.
4. Attach and level box to structure.
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FOR INSTALLING ELECTRICAL BOXES IN EXISTING WALLS

Student's Name ) - Date o
DIRECTIONS TO STUDENT: Install and secure both a switch and receptacle box in

an existing wall made of drywall. Switeh box is to be
mounted on stud at 48 inches to center. Receptacle
box is to be mounted in the eenter of the studs and 12
inches to center. Both are to be mounted flush with
the finish wall and level across the top. A finish plate
must cover the opening cut out for the box.

DIRECTIONS TO EVALUATOR: Instructor will observe the student using proper safety
techniques and items to be evaluated.The student is to
complete the task within a reasonable amount of
time. A score of 90% is required for competency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student selected proper materials.
2. The student used a box for template layocut
of both switeh and receptacle. o .
3. The student cut out a hole for switeh by stud
neatly. _ o
4. The student cut out hole for the receptacle in
the center of the wall between the studs neatly. I
5. The switch box is mounted at 48 inches to the
center of the box. —
6. The receptacle box is mounted at 12 inches to
the center of the box. —
7. The boxes are mounted flush and level to the
wall. —
8. The finish plates cover opening cut out for
the box. I
9. The student finished the task within a reason-
able amount of time. _
10. The student dismantled the project and returned
the materials to their proper places. —_—
APPROVED: Yes No _
Evaluator's Signature "**' " Date




DUTY: INSTALLING SWITCH BOXES AND OUTLET BOXES
PERFORMANCE OBJECTIVE V-TECS 40
TASK: Install recessed fixture housing in ceiling.

STANDARD OF PERFORMANCE OF TASK: Box must be mounted in correct
location and must be strong enough to support the fixture. Fixture must be
controlled by a switch or other means. Fixture must be installed according to
manufacturer's recommended clearances. The installation of the recess fixture
housing must meet the requirements as outlined by the National Electrical Code
(Article 410, Part B, and 410-8) and the local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrical Code, pp. 268-269.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Recessed fixture box

2. A floor plan showing the basic wiring system
3. The basie tool kit

4, Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the meaning of "recessed."
2. Use proper hand tools and materials.
3. Read and interpret the information given on electrical plans.
4, Use knowledge of the installation of the boxes.
5. Read and iaterpret the manufacturer's specifications.

RESOURCES:
National Eleetrical Code, 1981. Articles 410-4 to 410-8.
Alerich. Eleectrical Construction Wiring. pp. 424-428.

TEACHING ACTIVITIES:
1. Instruct the students to read National Electrical Code, Articles 410-4 to 410-
8 and Electrieal Construction Wiring, pp. 424-428.

2. Discuss the recommendations made by the manufacturer.

3. Identify the potential problems when installing into existing ceilings.

4, Demonstrate the process for measuring and cutting of the correet size hole
for a fixture.

5. Review mounting of fixture housings.

CRITERION REFERENCED MEASURE:

Questions:

1. Recessed fixtures installed where combustible materials are stored must
have:
a. Ten inch eclearance
b. Six inch elearance
c. Eighteen inceh clearance
d. Twenty four inch elearance.
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PERFORMANCE OBJECTIVE V-TECS 40 (Continued)

2. Lighting fixtures should utilize the fixture-to-stud mounting when:
a. The fixtures are heavy
b. The fixtures are at the end of a long wire run
c. The fixtures have heavy ampere demand
d. The fixtures are light.
3. Wires from the junetion box of a recessed fixture must be:
a. Rubber insulated
b. Exposed in open
c. Approved for high temperature
d. Oversized.
4, A hanging fixture over a bathtub must be no closer than:
a. 3ix feet above the rim of tub
b. Four feet above the rim of tub
c. Eight feet above the rim of tub
d. Ten feet above the rim of tub.

Answers:
1. b

2.
4,

e T

PERFORMANCE GUIDE
1. Locate installation point.
2. Measure clearances to meet manufacturer's recommendations.
3. Cut holes of correct size in ceiling at desired location.
4. Attach fixture housing to the structure per manufacturer's installation
instructions.
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DUTY: INSTALLING SWITCH BOXES AND OUTLET BOXES

PERFORMANCE OBJECTIVE V-TECS 41

TASK: Install surface mount junetion box.

STANDARD OF PERFORMANCE OF TASK: Box must be installed to comply with
governing codes. Box must be mounted securely and according to plans. The
installation of surface mounted junction boxes must meet the requirements as
outlined by the National Eleetrical Code (Article 370, Part B) and the local
authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 225-230.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
2.
3.
4.

Junetion box

A set of floor plans showing the basic wiring system
The basic tool kit

Installation/electrical materials.

ENABLING OBJECTIVE(S):

1. Use proper hand tools and materials.
2. Read and interpret information given on the electrical plans.
3. Identify the different surface materiails.

RESOURCES:

Foley. Eleetrical Wiring Fundamentals, pp. 124-125.
National Electrical Code, 1981. Articles 370-18 and 2370-19.

TEACHING ACTIVITIES:

1. Instruet the students to read Eleetrical Wiring Fundamentals, pp- 124-125
and National Electrieal Code, 1981, Articles 370-18 and 370-19.

2. Demonstrate the procedure for levelmg and marking of the junetion boxes on
a surface.

3. Provide the students with different anchoring materials.

4, Review methods of anchoring electrical boxes.

5. Show the different electrical boxes and their covers used as junction boxes.

CRITERIOK REFERENCED MEASURE:

Questions:

1. Where would an electrician get the information necessary to install a surface
mounted junetion box?

2. What determines the proper method of anchoring a surface mounted junection
box?

3. The mounting of electrical boxes must meet the standards of the National

Eleetrical Code and what elsa?



PERFORMANCE OBJECTIVE V-TECS 41 (Continued)

Answers:

1. Electrical plans

2. Type of material the box is to be mounted on.
3. The local authority having jurisdietion.

PERFORMANCE GUIDE:

1. Locate installation point on structure.
2. Attach surface mount junction box to structure.
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DUTY: INSTALLING SWITCH BOXES AND OUTLET BOXES
PERFORMANCE OBJECTIVE V-TECS 42
TASBK: Install underground, watertight, east iron box.

STANDARD OF PERFORMANCE OF TASK: Box must be located according to
plans. The installation must be made so that the watertight integrity will be
maintained.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1. A watertight, cast iron box, previously roughed in wiring

2. The basic tool kit

3. Manual hand tools or mechanical equipment (backhoe, shovel, picks)
4, A set of floor plans showing the basie wiring system.

ENABLING OBJECTIVE(S):
1. Identify and use electrical boxes which are utilized for underground
installations. :
2. Recall the standards set forth in the National Electrical Code covering

3. Use proper hand tools and materials.
4. Read and interpret the information given on the electrical plans.
5. Identify the condition of the existing wiring.

RESOURCES:
National Eleetrical Code, 1981. Articles 300-5, 300-6 and 370-b and c.

TEACHING ACTIVITIES:
1. Instruet the students to read National Electrical Code, 1981, Articles 300- 5,
300-6 and 370 b and ec.

2. Have students prepare the area for a box installation.

3. Review with the students the construction of watertight electrical boxes and
materials.

4. Demonstrate the proper connections to an electrical box.

5. Invite a guest speaker to class to talk on experience with installation of
underground electrical boxes.

CRITERION REFERENCED MEASURE:
Questions:
1. According to what standards are the location and depth of electrical
underground boxes found?
2. An electrical box that is used for underground installation must be

3.

Using the standard of the National Electrical Code, underground electrical
boxes must be made of what type material?
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PERFORMANCE OBJECTIVE V-TECS 42 (Continued)

Answers:
1. The National Eleetrical Code and the electrieal plans

2. Watertight, raintight or rainproof
3. Material suitable for the environment in whieh they are to be installed.

PERFORMANCE GUIDE:
1. Locate installation point.
2. Prepare installation site by removing soil with available tools or equipment.
3. Place watertight cast iron box in the ground.
4. Connect cables and/or econduit to box using approved connectors.
5. Seal box.
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DUTY: MAINTAINING EXISTING WIRING

PERFORMANCE OBJECTIVE V-TECS 43

" TASK: Diagnose/repair fluorescent fixture.

STANDARD OF PERFORMANCE OF TASK: Defective parts must be replaced
with equivalent parts. Light must burn when repairs are complete.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
2.

The basic tool kit.
The basic tool parts.

ENABLING OBJECTIVE(S):

1. Identify the main parts of a fluorescent fixtures and their funections.

2. Determine the proper tools and materials to be used.

3. Recall the fluorescent lamp and ballast charaeteristics.
RESOURCES:

Miller, et al., Energy: Eleetricity/Eleectronies, pp. 173-177.
Miller. Industrial Electrieity, pp. 338-345.

TEACHING ACTIVITIES:

1. Instruct the students to read Energy: Electricity/Electronies, pp. 173-177
and Industrial Electrieity, pp. 338-345.

2. Review with the students the operation of the fluorescent rixtura.

3. Emphasize the importance in using good safety.

4. Review with the students the common causes in lamp failure in fluorescent
fixtures.

5. Demonstrate the use of a voltmeter for troubleshooting.

6. Have the students identify the color of a fluorescent lamp in the elass room.

7. Have the students practice wiring new ballasts using a wiring diagram on the
ballast.

8. Have the students practice removing the fixture parts from a light fixture.

CRITERION REFERENCED MEASURE:

Questions:

1. How many more times efficient is a fluorescent tube than a incandescent
lamp?

2. What is the device that is connected between the lamp and the power supply
whiech limits the eurrent flow?

3. What temperatures does a fluorescent lamp designed for indoor use operate
best?

4, What kind of lighting does the National ZFleetrical Code refer fluorescent

lighting as?




PERFORMANCE OBJECTIVE V-TECS 43 (Continued)

Answers:

1. About 2.5 times

2. A ballast

3. 65 -— 90 degrees

4, Eleectrie discharge lighting

PRACTICAL APPLICATION:
Diagnose a defective fluorescent light fixture and repair the defective parts.
Equivalent parts must be used and the light must work properly when completed.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist Performance Objective 43 to determine if the assignment was
completed with at least a 90 percent accuracy.

1.
2.

33

4
5

Si
7é

Si
9.

Check \mltage with voltmeter.

With proper voltage at fixture and power on, visually cheek bulbs for
darkened ends, burning red at ends, or flashing on and off. Replace bulb if
any of these econditions exists.

If bulbs are not defective, determine if fixture is self starting or uses
separate starters. If it has starters, replace with new ones of correct size.

If bulbs and starters are not defective, turn power off.

Remove cover from fixture and check wiring inside fixture for loose
connections.

If wiring is not loose and bulbs and starters are not defective, replace
ballast.

Re-install cover and other parts removed for wiring inspection.

Turn power on.

Assure fluorescent light operation.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 43 EVALUATION

PERFORMANCE TEST FGR THE DIAGNOSIS AND REPAIR OF FLUORESCENT LIGHT

FIXTURES
Student’s Name ~ Date
DIRECTIONS TO STUDENT: Diagnose a defective fluorescent light fixture and

repair defective parts. Equivalent parts must be used
and light must work properly when ecompleted.
DIRECTIONS TO EVALUATOR: The instructor will observe the student using pfopéf
safety techniques. The student is to finish task in a
reasonable amount of time. A score of 90 percent is

required for competency. The defective part is the
ballast.
ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected the proper tools. ) )

2. The student checked voltage with voltmeter, —

3. The student checked for bad tubes. — _

4, The student removed fixture covers carefully. -

5. The student checked wiring and connections. -

6. The student worked off the ladder properly. _

7. The student turned the power off and tagged
for safety.

8. The student determined the problem with the
ballast.

9. The student replaced an old ballast with a
new equivalent ballast.

10. The fluorescent light fixture is properly
working. o

APPROVED: Yes ____ No

Evaluator's Signature ' ~ Date -
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JTY: MAINTAINING EXISTING WIRING

PERFORMANCE OBJECTIVE V-TECS 44
TASK: Diagnose and repair/replace lights.

STANDARD OF PERFORMANCE OF TASK: Parts must be replaced with
approved equivalent parts. Light must burn when repairs are complete.

CONDITIONS FOR PERFORMANCE OF TASK:
The basic tool kit and parts.

ENABLING OBJECTIVE(S):
1. Identify the main parts of an incandescent light fixture.
2. Determine the proper tools and materials to be used.

RESCURCES:
Foley, Eleetrical Wiring Fundamentals, pp. 152-156.
Miller, et al., Energy: Electricity/Electronics, pp. 169-173.
Miller, Industrial Electricity, pp. 36-338.

TEACHING ACTIVITIES:
1. Instruet the students to read Electrical Wiring Fundamentals, pp. 152-156
and Energy: Electricity/Electronies, pp. 169-173.
2. Identify the color of connection terminals on an incandescent light fixture.

3. Review the prineiple of reversed polarity.
4, Discuss procedures for troubleshooting incandescent light fixtures.
5. Have the students read the manufacturer's recommendations for installing

incandescent light fixtures.
6. Have the students practice mounting different incandescent light fixtures.

CRITERION REFERENCED MEASURE:
Questions:
1. What are lamps using filaments that give off light called?
a. Fluorescent
b. Mercury-vapor
c. Sodium=vapor
d. Incandescent.
2. The glass bulb of an incandescent lamp is filled with:
a. Oxygen
b. Inert gases
c. Neon gas
d. Any of the above.
3. An incandescent lamp operates with the use of a:
a. Starter
b. Filament
c. Starting electrode
d. None of the above.
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PERFORMANCE OBJECTIVE V-TECS 44 (Continued)

4, The lamp base that is standard on general service lamps of 300 watts and
under is the:
a. Mogul base
b. Candelabra base
c. Medium base
d. Normal base.
5. A disadvantage of an incandescent lamp is:
a. The cost of the lamp
b. The natural color of objects
c. The low cost of installation
d. That it gives off a lot of heat.
Answers:
1. d
2. b
3. b
4, c
5. d

Equivalent parts must be used and the light must work properly when completed.

PRACTICAL APPLICATION:
Diagnose a defective ineandescent light fixture and repair defective parts.
Equivalent parts must be used and the light must work properly when completed.

PERFORMANCE GUIDE:

1§
2@

3'!

e

Remove and test bulb with chmmeter or other means.
If bulb is good, use volt meter to check for correct voltage at light fixture
connections.

If voltage is correet in fixture connections, fixture must be repaired or
replaced.

a. Turn power off.

b. Remove fixture.

c. Repair or replace fixture.

d. Re-install fixture.

If voltage is incorrect, check/correct for problems at power supply.

a. Measure continuity of fuse(s)/breaker(s).

b. Remove/replace faulty fuse(s)/breaker(s).
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 44 EVALUATION

PERFORMANCE TEST FOR THE DIAGNOSIS AND REPAIR OF INCANDESCENT
LIGHT FIXTURES

Student's Name - Date

DIRECTIONS TO STUDENT:  Diagnose a defective incandescent light fixture and
repair defective parts. Equivalent parts must be used
and light must work properly when completed.

DIRECTIONS TO INSTRUCTOR: The instructor will observe the student using proper
safety techniques. The student is to finish the task in
a reasonable amount of time. A secore of 90 percent is
required for competency. Defective part is the

breaker for that cirecuit.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected the proper tools. _ e

2. The student checked the existing bulb with
ohmmeter. —

3. The student checked the condition of light
socket. R

4. The student checked for the proper voltage. —

5. The student turned the power off and tagged
for safety. -

6. The student removed light fixture. -

7. The student checked wiring connections.

8. The student checked the power supply (breaker). _

9. The student re-installed the light fixture. ) -

10. The student has the light fixture working
properly. —_—

APPROVED: Yes ______ No

Evaluator's Signature " Date
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DUTY:

MAINTAINING EXISTING WIRING

PERFORMANCE OBJECTIVE V-TECS 45

TASK: Repair/replace relays and timers.

STANDARD OF PERFORMANCE OF TASK: Defective parts must be replaced
with equivalent parts. Relay or timer must operate when power is restored.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

lé
zé

An appliance with a defective relay or timer
The basie tool kit and repair parts.

ENABLING OBJECTIVE(S):

1. Identify the main parts of relays and timers.

2. Determine the proper tools and materials to be used.

3. Recall operating characteristics of relays and timers.

4. Interpret the eleetrical schematices of an appliance.
RESOURCES:

Miller, et al., Energy: Eleetricity/Electrcnies, pp. 245-253.

TEACHING ACTIVITIES:

1. Instruct the students to read Energy: Eleectricity/Electronies, pp. 245-253.
2. Discuss the different types and applications of relays.
3. Review parts of a simple relay.
4. Show the students examples of relays.
5. Have the students wire up a low voltage relay.
CRITERION REFERENCED MEASURE:
Questions:
1. The operation of an electrical appliance may be stopped by a bad relay. When

checking for the proper valtag‘e at the relay, one must first check:
a. Contaet

b. Voltage to coil

c. The armature

d. The return spring.

A relay/timer must be operated with voltage rated at:

a. The same as controlled circuit
b. The coil voltage rating
a. The normal circuit rating

ti NQI‘IE csf the above.

a. Wattmeter 777777
b. Amprobe

c. Power supply

d. V.0.M.

"
]
o

i
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PERFORMANCE OBJECTIVE V-TECS 45 (Continued)

4, The mechanism that regulates the sequence of fill, drain, spin modes on a
washing machine is the:
a. Selector switeh
b. Solenoid valve
c. Overload protector
d. Timer.

PERFORMANCE GUIDE:
1. Turn power off.
2. Determine that power is off by checking econductor(s) at the point of
connection(s) with voltage tester.
3. Replace relay or timer with an equivalent part.
4. Turn power on.
5. Assure relay/timer operation.
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DUTY: MAINTAINING EXISTING WIRING

PERFORMANCE OBJECTIVE V-TECS 46

TASK: Repair water heater.

STANDARD OF PERFORMANCE OF TASK: All replacements must be made with
equivalent parts. Water heater must be equipped with pressure relief valve. When
repairs are completed, wsater heater must heat at rated capacity and to
temperature of tharmostat setting.

ENABLING OBJECTIVE(S):

1. Identify the main parts of the hot water heater.

2. Determine the proper tools and materials to be used.

3. Recall operating characteristies of the hot water heaters.

4. Recall the procedures for troubleshooting hot water heaters.

RESOURCES:

Alerieh. Eleetrical Construction Wiring, pp. 206-208.
Miller. Residential Electrical Wiring, pp. 322-323.

TEACHING ACTIVITIES:

1. Have the students read Electrical Construction Wiring, pp. 206-208.

2. Discuss the different types of hot water heaters.

3. Explain the steps in heating of water in the tank.

4 Review terminology and operation of the main parts of a hot water heater
system.

5. Have the students find and record temperature settings of their hot water
heaters at home.

7. Demonstrate troubleshooting techniques with volt-ohm meter.

CRITERION REFERENCED MEASURE:

Questions:

1. A large family of today is more likely to have what type of electric water
heater?

2. What devices are installed as safety features on a modern electrical hot
water heater?

3. Most modern electric hot water heaters operate off what voltage?

4. The replacement of a bad element on a 4500 watt dual element hot water,
should be replaced with what size element?

Answers:

1. A double (or dual) element heater

2. A high pressure relief valve, high temperature cutoff

3. 220-240 volts

4, 4500 watt of equivalent size
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PERFORMANCE OBJECTIVE V-TECS 46 (Continued)

PRACTICAL APPLICATION:
Diagnose hot water heater that is not supplying hot water. Make necessary repairs
or replacement as required. Use only replacement parts equivalent to
manufacturer's. Unit must inelude the proper safety devices and operate to
specifications.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist Performance Objective 46 to determine if the assignment was
completed with at least a 80 percent proficiency.

PERFORMANCE GUIDE:

1.
2.
3.
4.
5.

6.
7.
8.

9.
10.
11.
12.
13.
14.

15.
16.

17.
18.
19.
20.

Turn power off.

Remove access panel from water heater.

Inspect wiring and terminal connections.

If wiring is secure and routed as required, turn power on.

Using voltage tester, check for correct voltage at line terminals on high
limit control.

Without correct voltage at this point, check power supply.

Check voltage at load terminals on high limit control.

control.

If power is not restored, replace high limit control.

Check voltage at load terminals on thermostat.

If eorrect voltage is not present, replace thermostat.

Turn power off.

Check heating element(s), using ohmmeter, for open shorts and grounds.

If element(s) must be replaced, turn off water supply, drain tank and replace
element.

Determine if pressure relief valve is in place.

With element in place, turn water supply on and open hot water faucet to let
air escape while tank is filling.

When tank is full, turn faucet off and check for leaks.

Turn power on.

Assure required operation with ampmeter.

Replace access panel.
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Student's Name ' - Date

DIRECTIONS TO STUDENT: Diagnose a hot water heater that is not supplying hot
water. Make necessary repairs or replacement as
required. Use only replacement parts equivaleni to
manufacturer's parts. Unit must include proper safety
deviees and operate to specifications.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to items to
be evaluated. Wateh for safety violation. Allow
student a reasonable amount of time as would be
required on a job site. A score of 90 percent is

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student turned power off. -

2. The student removed access panel and checked
power again. —

3. The student checked wiring and terminal eon-
nections. - -

4. The student turned power on and checked line
terminals of high limit control for correct
voltage. o

5. The student checked for same voltage on load
side of high limit control.

6. The student pressed reset button if no voltage
on load side. R

7. 'The student replaced the high limit control if
power not restored. —

8. The student checked voltage at load terminals
on thermostat.

9. The student replaced thermostat if correct
voltage not present. -~

10. The student turned power off,




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 46 EVALUATION (Continued)

11.
12.

13.

lgi

20.

ITEMS TO BE EVALUATED Satisfactory

The student ehecked elements with chmmeter.

Unsatisfactory

The student determined element is bad. .

The student turned off water supply and
drained tank. "

The student replaced the element.

The student checked pressure relief valve.

The student refilled tank with water.

The student turned the power on. e

The student checked element load with

ammeter.

The student replaced access panel.

The student finished task in reasonable
amount of time.

APPROVED: Yes No

Evaluator's Signature

Date



DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 47
TASK: Install and maintain emergency lighting.

STANDARD OF PERFORMANCE OF TASK: The wiring must be kept entirely
independent of all other wiring and equipment. Emergency lights must operate
when electrical power goes off. The installation of the emergency lighting must
meet the requirements as outlined by the National Electrical Code (Article 700)
and the local authority having jurisdiction.

SOURCE OF STANDARD:

National Eleetrical Code, pp. 577-581.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Wiring for emergency lighting
2. The basie tool kit
3. Installation/electrical materials.
ENABLING OBJECTIVE(S):
1. Identify the main parts of an emergency lighting system.
2. Determine the proper tools and materials to be used.
3. Recall the operating characteristics of an emergency lighting systerm.
4, Interpret the information supplied by the manufacturer for installation.
5. Read and interpret the National Electrical Code.

RESOURCES:
National Electrical Code, 1984. Article 700.

TEACHING ACTIVITIES:
1. Instruet the students to read National Electrical Code, 1984, Article 700.
2. Discuss the use of an emergency lighting system.
3. Review a set of manufacturer's instructions with the students
4, Demonstrate the proecedures for troubleshooting of an emergency system.
5. Have the students design a layout for an emergency lighting from a set of
blueprints of a school.

CRITERION REFERENCED MEASURE:
Questions:
1. The article of the National Electrical Code that covers the installation of an
emergency lighting system is:
a. Article 336
b. Article 550
c. Article 700
d. Article 730.
2. The wiring of an emergeney lighting system must.
a. Always exist within some enelosure as main wiring
b. Always be of a lower voltage
c. Be kept entirely independent of all other wiring
d. .Always be of a higher voltage.
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PERFORMANCE OBJECTIVE V-TECS 47 (Continued)

3. Which of the following is not a recommendation by the National Electrical
Code for the testing of an emergency lighting system?
a. Witness test upon the installation of the system
b. Keep written records of the tests and maintenance
c. Test the system under load
d. Check and test the system monthly.

Answers:
1. c
2. c
3. d

PERFORMANCE GUIDE:
1. Make wiring connections according to manufacturer's instruections.
2. Connect power to unit and assure required operation.
3. Locate lighting so that designated escape routes are elearly visible.
4, Test periodieally.
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DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 48
TASK: Repair or replace frayed service cords.

STANDARD OF PERFORMANCE OF TASK: Insulating materials and cord must
be required size and type for conditions encountered. Defective parts must be
replaced with equivalent parts. The repair of the serviee cords must meet the
requirements as outlined by the National Electrical Code (Article 400-7-8-9 and
tables) and the loeal authority having jurisdietion.

SOURCE OF STANDARD:

Tennessee Writing Team.

National Eleetrical Code, pp. 257-259, 243-258.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Service cord

2. The basic tool kit
3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the size and type of cord conduectors.

2. Determine the proper tools and materials to be used.
3. Recognize when to repair or when to replace frayed service cords.

4. Read and interpret the National Electrical Code.

RESOURCES: 7
Miller, et al., Energy: Electricity/Electronies, pp. 209-210.
National Electrical Code, 1984. Article 400.

TEACHING ACTIVITIES:

1. Instruet students to read Energy: Electricity/Electronies, pp. 209-210.

2. Review Article 400-1 to 400-9 of the National Electrical Code, 1984, with
the students.

3. Show examples of service cords that would require replacement.

4. Demonstrate the procedure for eheecking of conduetors with volt- ohmmeter.

5. Have the students check a home or place of business for eords in need of
repair.

CRITERION REFERENCED MEASURE:

Questions:
1. One area where flexible cords are not to be used is:

a. For wiring of eranes and hoists

b. Where concealed behind building walls

. For wiring of fixtures

. Connection of portable lamps or appliances.

o]
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PERFORMANCE OBJECTIVE V-TECS 48 (Continued)

2.

Flexible cords when initially installed must:
a. Be oversized for protection

b. Be fused for protection

c. Be installed within a flexible conduit
d. Be in eontinuous lengths

e. None of the above.

Which type cord is classified as "hard usage:"
a. 8d

b. HSJ

c. 500

d. HS

e. All of the above.

Answers:

1.
2.
Si

b

d
e

PERFORMANCE GUIDE:

1.

Turn power off.

Determine that power is off by checking conduetor(s) at point of
connection(s) with voltage tester.

If replacement of service cord is made, cord must be sufficient size for load
being served.

Remove old cord from appliance and points of attachment.

Attach new cord to appliance and secure ends of cord in boxes, leaving
sufficient free ends for connections. Maintain strain relief if necessary.
Remove sufficient insulation from econductor ends for connections.

Connect ends of cable to existing wires or terminals making sure polarity is
correct.

Turn power on.

Check circuit being served for required voltage and polarity.




DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 49
TASBK: Replace existing interior load center.

STANDARD OF PERFORMANCE OF TASK: Load center must be replaced with
approved enuivalent parts. The replacement of an existing interior load center
must meet the requirements as outlined by the National Electrical Code (Article
110, Part A, 230, 250, 300, and 240) and the loecal authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 16-21, 57-110, 113-122.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Load center
2. The basie teol kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify existing load center for the size and type.
2. Determine the proper tools and materials to be used.
3. Recall the proper procedures for removing the old load center.
4. Analyze the condition of the existing mounting surface.
5. Apply the standards of the replacing load centers as required by the National
Electrical Code or a local authority.

RESOURCES:
Colvin. Electrical Wiring, pp. 115-119.
Foley. Eleetrical Wiring Fundamentals, pp. 251-253.

TEACHING ACTIVITIES:
1. Instruct the students to read Eleectrical Wiring, pp- 115-119 and Electrical
Wiring Fundamentals, pp. 251-252.

2. Demonstrate the proper connections for checking the voltage.

3. Diseuss the procedures for changing an existing service.

4 Have the students identify the main parts of a load center.

5 Make an assignment for the students to bring information on home service

center and be ready to describe what would be needed to change it,

CRITERION REFERENCED MEASURE:
Questions:
1. All are ways to inerease the load center size except:
a. Install larger service conductors and increase load center main breaker.
b. Install complete new service conductors, raceway, weather head, and
change load center interior. ‘
c. Install new meter base in parallel with existing meter.

d. Make a complete service change out.




PERFORMANCE OBJECTIVFE V-TECS 49 (Continued)

]
»

The article of the National Eleetrical Code that covers "sarvices" is:
a. Artiele 250

b. Artiele 220

a. Article 130

d. Artiele 230,

The replacing of an existing load eenter requires striet attention to:
a. OSHA regulations

b. The local authority having jurisdiction

c. Underwriters Laboratories

d. The National Electrical Code.

Answers:

1.
2.
3.

c
d
b and d

PERFORMANCE GUIDE:

1.
2.

e IR e 2 ) T N
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11.
12,

Turn power off.

Determine that power is off by checking conductor(s) at the point of

connection(s) with voltage tester.

Remove wires from old box and mark circuits.
Remove old box.

Attach new load center to structure.
Connect existing wires to new load center.
Insert breakers of proper size and type.
Connect existing wires to breakers.

Turn power on.

Test all eircuits.

Fill out eirecuit directory.

Replace cover.



DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 50
TASK: Replace cable.
STANDARD OF PERFORMANCE OF TASK: The replaced cable must meet the

requirements as outlined by the National Electrical Code (Article 300, part A. and
Article 200) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electriecal Code; pp. 25-27, 113-122.

1. Cable
2. The basic tool kit.

ENABLING OBJECTIVE(S):
1. Identify type and size of cable to be replaced.

2. Determine the proper tools and materials to be used.

3. Identify the construction members common in existing dwellings.

4. Recall the methods of passing around econstruction members.
RESOURCES:

Miller, Residential Eleetrical Wiring, pp. 296-302. :
Foley, Electrical Wiring Fundamentals, pp. 253-259.

TEACHING ACTIVITIES:

1. Discuss the terms associated with cable installations of existing dwellings.

2. Discuss the problem areas associated with replacing cable in existing
dwellings.

3. Instruct the students to read Residential Electrical Wiring, pp. 296-302.

4, Demonstrate the techniques for the fishing of new cables.

5. Provide the students with a field trip to an old house in the process of

remodeling, to view exposed construetion members.

CRITERION REFERENCED MEASURE:

Questions:
1. A construction member that might exist between two 2 x 4 studs is called:
a. Rafter
b. Pier
c. Girder
d. Fire stop.
2. Cables run through notches in wood must be protected by a steel plate of:

a. 1.16 inches thick
b. 1/4 inches thieck
c. 1/8 inches thick
d. 3/16 inches thick.




PERFORMANCE OBJECTIVE V-TECS 50 (Continued)

3. The general N.E.C. rule is that eable installed in exposed areas must be:
a. Run in short lengths
b. Of galvanized materials
c. Protected from damage
d. At least #8 copper.

Answers:
1. d
2. a
3. e

PERFORMANCE GUIDE:
1. Locate installation point.
Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.
4, Remove old cable being replaced.
5. Terminate cable inside an enclosure through approved connectors.
6 Connect cable to terminals or splice to other conductors with approved
splices. Connections must be tight and polarity correct.
7. Tape or otherwise insulate connections to withstand applied voltage where
required.
8. Turn power on.




DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 51
TASK: Replace circuit breakers.

STANDARD OF PERFORMANCE OF TASK: Breakers must be identified for use
with panel, must be of required size and type, and must be fully inserted to engage
with the busses.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITICNS FOR PERFORMANCE OF TASK:
1. Breakers
2. The basie tool kit.

ENABIING OBJECTIVE(S):
1. Identify the type and size of the eircuit breakers.
2. Determine the proper tools and materials to be used.
3. Recognize the method of removing the eircuit breakers.
4, Recall the proper safety techniques.

RESOURCES:
Alerich, Eleectrical Construction Wiring, pp. 280-282.
Foley, Electrical Wiring Fundamentals, pp. 169-172.

TEACHING ACTIVITIES:

1. Provide the students with various types of circuit breakers.

2. Discuss the differences in circuit breakers.

3. Instruct the students to read Eleetrical Construction Wiring, pp. 280-282.

4. Demonstrate the procedure for changing circuit breakers.

5. Have students identify the brand and size of eircuit breakers used at home
load center.

6. Conduct a tour for the students to view cireuit breakers in different parts of
the building.

CRITERION REFERENCED MEASURE:

Questions:

1. What position will a circuii breaker be in after being tripped?

2. Why is it desirable for overcurrent protection devices to allow short term,
moderate overloads without cutting off power to circuit?

3. What are circuit breakers, like fuses rated for?

4, What sizes are circuit breakers rated for residential use?

5. The National Electrical Code requires what of cireuit breakers?

Answers:

1. Center position, usually with a red flag as an indication for being tripped.

2. This provides enough delay to allow a motor driven appliance to be used
without tripping the eircuit breaker.

3. For voltage and interrupting current.

4, 15 to 200 amperes.

5. Must be clearly marked "off" and "on."
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PERFORMANCE OBJECTIVE V-TECS 51 (Continued)

1. Turn power off.

2. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

3. Remove one breaker from panel.

4. Remove conduetor from old breaker.

Connect new breaker to conduetor.

6. Install breaker to panel.

7. Replace each breaker in the same manner.

8. Turn power on.

9. Assure required operation.




DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 52
TASK: Replace existing receptac r switch.

STANDARD OF PERFORMANCE OF TASK: Switch and/or receptacle must be
replaced with one of same type and voltage rating as original. Switch and/or
receptacle must be mounted in same position as original and covers in place,
straight, and plumb. The installation of the switeh and/or receptacle must meet
the requirements as outlined by the National Electrical Code (Article 210) and the
local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrieal Code, pp. 27-38.

1. The basm tc:ol Is:lt
2. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the type and size of the receptacle or switch.
2. Determine the proper tools and materials to be used.
3. Recall the proper safety techniques.

RESOURCES:
Foley, Electrical Wiring Fundamentals, pp. 141-152.
Colvin, Electrical Wiring, pp. 78-90, 94-111.

TEACHING ACTIVITIES:
1. Discuss the terms associated with receptacles and switches.
2. Provide the students with various types of receptacles and switches.
3. Instruct students to read Eleetrical Wiring Fundamentals, pp. 141-152.

4, Demonstrate the procedure for changing receptacles or switches.
5. Have the students practice making wire connections on receptacles and
switches.

RITERION REFERENCED MEASURE:
Questions:
1. The most common type of receptacle is:
a. Single receptacle type
b. Single receptacle with a switeh
c. Duplex receptacle with weatherproof cover
d. Standard grounding duplex receptacle.
2. By removing the break off connection tab between the brass terminals of a
receptacle, you:
a. Make it a fire hazard
h. Have a reduced utility bill
c. Create a short cireuit
d. Make it possible to connect a separate circuit.

‘ﬁ
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PERFORMANCE OBJECTIVE V-TECS 52 (Continued)

3'!

You can identify the common terminal on a 3-way switch by:
a. The different color than other terminals

b. The word "eommeon" on back of switch

c. Using an chmmeter

d. All of the above.

Answers:

1.
2‘,
3?

d
d

d

PERFORMANCE GUIDE:

1?
2@

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Remove switch or receptacle from box.

Disconnect conduetor from existing receptaele and switeh.
Connect switch or receptacle observing correct polarity.
Connect ground wire to grounding terminal on receptacie.
Push switch or receptacle into outlet box and tighten screws.
Replace outlet covers.

Turn power on.

Check for proper polarity.

Turn switch on.

Assure receptacle/switeh.




DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 53
TABK: Replace fuses.

STANDARD OF PERFORMANCE OF TASEK: The fuses must meet the
requirements as outlined by the National Eleetrical Code (Article 240, Part E) and

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 80-81.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Assortment of fuses
2. The basic tool kit.
ENABLING OBJECTIVE(S):
1. Identify the various types of fuses.
2. Determine the proper tools and materials to be used.
3. Determine the cause for replacing fuses.
4, Test the condition of the new fuse.

RESOURCES:
Foley, Electrical Wiring Fundamentals, pp. 166-169.
Alerich, Electrical Construction Wiring, pp. 282-289.

TEACHING ACTIVITIES:
1. Provide the students with various types and sizes of fuses for viewing.
2. Demonstrate the procedure for checking fuses with a volt ohmmeter.
3. Demonstrate the use of a fuse puller,
4. Instruct the students to read Article 240 from the National Electrical Code.
5. Conduet a tour for the students to view various fuses used throughout the
building.
6. Instruct the students to read Electrical Wiring Fundamentals, pp. 166-169.

Questions:

1. Generally speaking, what is the maximum voltage of a ecircuit that a plug
fuse can be used in?

2. What are the amperage ratings of plug fuses used in residences?

3. Cireuits rated over 30 amperes must use what type of fuse?

4, ‘What type of fuse is used when a heavy starting current is drawn by a motor?

5. What is a nontamperable type fuse that uses a special mechanical design?
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PERFORMANCE OBJECTIVE V-TECS 53 (Continued)

Answers:

1. 125 volts between conductors: 240-50 A. N.E.C.
2. 15, 20, 25, and 30 amperes

3. Cartridge type fuses

4. A time delay fuse

5. A type "S" fuse

PERFORMANCE GUIDE:
1. Turn power off serving fuse panel.
2. Remove cover from fuse panel so wire size can be observed if there is a
question as to fuse size.
Check wiring connections.
Insert all fuses of correct size and type. Be sure all fuses are tight in
holders.
5. Turn power on.
6. Check voltage with tester at each fuse holder.
7 Replace fuse panel cover.
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DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 54
TASK: Replace grounding electrode conductor,

STANDARD OF PERFORMANCE OF TASK: Connections must be made at
designated points and must be tight. The installaiion of the grounding electrode
conductor must meet the requirements as outlined by the National Electrical Code

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleectrical Code, pp. 102-104.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Grounding electrode conductor

2. The basie tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the proper size conductor to be used.
2. Determine the proper tools and materials to be used.
3. Determine the proper points of connection.

RESOURCES:
National Electrical Code, 1984. Article 250-92 and 250-94.

TEACHING ACTIVITIES:
1. Provide the students with various sizes of grounding eonductors.

2. Demonstrate the procedures for checking voltage on eonduetors.

3. Emphasize the importance of secure fittings.

4 Show the students the points of connection to system.

5 Conduct a field trip for the students to view examples of proper

installations,

6. Instrucet the students to read National Electrical Code, Article 250-92 and
250-94.

or carth., (True or False)

2. Grounding electrode conductor connections must be made on the load side
termination lugs of a meter. (True or False)

3. Number 6 or larger conductors must be in conduit if subject to physieal
damage. (True or False)

4. A grounding electrode conductor can originate at the load center or in the
meter base. (True or False)

5. The National Electrical Code lists the minimum size grounding electrode
conductors used. (True or False)
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PERFORMANCE OBJECTIVE V-TECS 54 (Continued)

Answers:

1.
2.
4.
5.

True
False
True
True
True

PERFORMANCE GUIDE:

1.
2.

3.
45

Casll power company to turn power off,

Determine that power is off by checking conductor(s) at point of
connection(s) with voltage tester.

Locate termination points of conductor.

Loosen terminals and remove defective conductor from terminals and
structure.

Apply corrosive inhibitor, if required by loeal guthorities.

Terminate grounding conductor at points designated by authority having
jurisdietion.

Fasten conductor to previously installed grounding electrode with clamp
approved for direet burial. Connections must be tight.

Attach conductor securely to structure.

Call power company to turn power on.



DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 55
TASK: Replace pilot light bulb.

STANDARD OF PERFORMANCE OF TASK: The bulb must burn, be of the
required size and voltage, and indicate when the appliance or equipment is
working. All connections must be tight. Connectors must be suitable for the
conditions encountered.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Pilot bulb
2. The basie tool kit.

BLING OBJECTIVE(S):
1. Identify the proper size and voltage rating of pilot light replacement.
2. Determine the proper tools and materials to be used.
3. Determine the proper disconnection of power for the replacement of the
pilot light bulb. '

ENA

RESOURCES:
Miller. Industrial Elzectricity, p. 308.

TEACHING ACTIVITIES:
1. Demonstrate to the students the various types of pilot lights.
2. Demonstrate the procedure for checking voltage at the point of connections.
3. Demonstrate the removal of the pilot light lamp.
4, Have the students read and trace wiring diagram for proper connection.
5. Instruet the students to read Industrial Eleetricity, p. 308.

CRITERION REFERENCED MEASURE:
1. What is the most important part in the changing of a pilot light lamp?
2. What does a lit pilot light usually indicate?
3. What two things does an unlit pilot light usually indicate?

Answers:

1. The new lamp must be of required size and voltage.
2. The equipment or appliance is working.

3. The power is either not on or the lamp is burned out.




PERFORMANCE OBJECTIVE V-TECS 55 (Continued)

PERFORMANCE GUIDE:
1. Locate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor{s) at point of
connection(s) with voltage tester.
4, Remove required cover plates and trim to get to bulb.
5. Replace the bulb with the new one.
6. Make necessary wiring eonnections, if any.
7. Replace cover plates.
8. 'Replace trim.
9. Turn power on.
10. Assure required operation of pilot light.




DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 56
TASK: Replace service entrance.

STANDARD OF PERFORMANCE OF TASK: All service equipment and wiring
must have sufficient ampacity to serve the purpose. All connections must be
tight. The service entrance must be grounded. The replacement of the service
entrance must meet the requirements as outlined by the National Electrical Code
(Article 230, 250, 310, and 110) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 16-24, 57-74, 83-110, 124-161.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Installation/electrical materials
2. The basie tool kit.

ENABLING OBJECTIVE(S):

1. Identify service entrance materials by terminology.
2. Determine proper tools and materials to be used.
3. Identify the requirements of National Electrical Code dealing with service

entrance replacement.
RESQURCES-

Fgley. Electrmal ermg Eundament&ls, pp- 176 197 .

TEACHING ACTIVITIES:

1. Discuss the local policies dealing with service changes.

2. Invite the local electrical inspector to talk to the class.

3. Provide the students with a list of terms associated with services for
discussion.

4. Show and explain parts of a service entrance.

3. Have the students calculate a residential service size.

6. [nstruct the students to read Electrical Construction Wiring, pp. 255-294.

7. Conduect a field trip for the students to view various examples of service

entrance installations.

CRITERION REFERENCED MEASURE:

Questions:
1. The portion of a serviece raceway that extends through a roof or eave is
called:
a. Roof lashing
b. Service lateral
c. Service drop
d. Service mast.
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PERFORMANCE OBJECTIVE V-TECS 56 (Continued)

2. The National Electrical Code specifies that conductors for 120/240 volt
services must:
a. Be 10 feet above grade or ground level
b. Be attached under the eaves
c. Never cross a sidewalk or driveway
d. Be 18 feet above the point of attachment.
3. Which is not a main part of a service entrance?
a. Service head
b. Meter
c. Service panel
d. Water pipe ground.
4, Whieh is not another name for service panel?
a. Distribution panel
b. Load control
c. Panelboard
d. Load center. y
The size of service equipment will:
a. Determine the size of the grounding electrode.
b. Have sufficient ampacity to serve the purpose.
c. Determine the power companies service conductors.
d. Include all the above.

L2
w

Answers:
1. d
2. a
3. d
4, b
5. d

PRACTICAL APPLICATION:
Replace an old existing service entrance with a new system. The service must be
of sufficient ampacity and be well grounded. It must also meet all local and
national requirements.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist Performance Objective 56 to determine if the assignment was
completed with at least a 90 percent accuracy.

PERFORMANCE GUIDE:

1. Remove power from existing service. (Check with power distributor).
2. Remove existing service entrance.
3. Attach new meter base to structure.
4. Attach new service panel to the structure,
5. Run conduit or service cable from the service panel to the meter base.
6. Run conduit or service cable from the meter base to the service drop.
7. Attach conduit or cable to the structure.
8. If conduit, run conductors through conduit.
9. Install weatherhead.

10, Install new grounding electrode and grounding electrode conductor if

required.
11. Test for shorts and grounds.
12. Have service entrance inspected.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 56 EVALUATION

SERVICE ENTRANCE REPLACEMENT

Student's Name " Date

DIRECTIONS TO STUDENT: Replace an old existing service entrance with a new
system. The service must be of sufficient ampaeity
and be well grounded. It must also meet all local and
national requirements.

DIRECTIONS TO INSTRUCTOR: Observe the student. Pay close attention to the items
to be evaluated. Watch for safety violations. Allow
the student a reasonable amount of time as would be
required on the job site. A score of 90 percent is
required for competency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student checked for power disconnection. ,7 —

2. The student removed the existing service en-
trance. _ o

3. The student determined the size for the new

structure. . e

9. The student attached a new service panel to
structure (if needed). _ -

6. The student connected the service panel to
meter with conduit or service cable. N _

7. The student attached the conduit or cable
riser. - -

8. The student attached weatherhead. , .

9. The student ran conductors through conduit
(if needed). - -
10. The student installed a new grounding elec-
trode and grounding electrode conductor. . 7

&9




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 56 EVALUATION (Continued)
ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

11. The student prepared all terminal connections
tight and with lubricant. - 3

12. The student checked for proper voltages after

13. The student called for an inspection. . —

14. The student followed safety procedures. —_

APPROVED: Yes No

Evaluator's Signature




DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 57
TASK: Replace transformer.

STANDARD OF PERFORMANCE OF TASK: The transformer must mateh or
exceed the rating of the original transformer.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. A transformer

2. The basie tool kit

3. Installation/electrical materials

ENABLING OBJECTIVE(S):
1. Identify the type and sizes of transformers.
2. Determine the proper tools and materials to be used.
3. Identify the terms associated with transformers.
4. Determine the correct voltage readings.

RESOURCES:
Alerich. Electrieity 3, pp. 129-148.
Gebert. Transformers, pp. 314-332.
National Electrical Code Committee, National Electrical Code, 1981. Article 450.

TEACHING ACTIVITIES:
1. Provide the students with various types and sizes of transformers for
viewing.
2. [llustrate various transformer diagrams.
3. Have the students view different transformer plates for hook-ups.
4, Discuss Article 450 of the National Electrical Code on transformers with the
students.
. Provide the students with a tour of a plant containing many transformers.
Invite a representative from a transformer company to speak to the class.
Make a transformer for demonstration.
Demonstrate the proper and safe method of using an insulation tester to test
a transformer.

©PN@e

CRITERION REFERENCED MEASURE:

Questions:

1. According to the National Electrical Code, where should the high voltage
side of a transformer be located?
a. [nside junction box
b. Near center of stud
e. Near an air vent
d. In open areas only.

o
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PERFORRKMANCE OBJECTIVE V-TECS 57 (Continued)

2.

The most eommonly used transformer in residential usage is:
a. One-to-one type

b. Autotransformer

c. Step-up type

d. Step-down type.

a. Be concerned about physical size

b. Purchase a higher rated voltage

c. Use the manufacturer's recommendations

d. None of the above.

Answers:

ii
2.
3.

[ I~ ']

PERFORMANCE GUIDE:

1.
2.
3§

‘U‘JEJ’TM-P-‘

7.

8.
10.
11.

Loecate existing transformer.

Turn power off.

Determine that power is off by checking conductor(s) at the point
connection(s) with voltage tester.

Remove the existing transformer.

Read manufacturer's instructions for the replacement transformer.
Attach the transformer to the device.

Remove cover plates.

Make necessary wiring connections, using appropriate connectors.
Replace all cover plates.

Turn power on.

Assure required operation of the transformer.
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STANDARD OF PERFORMANCE OF TASK: The motor must be cleaned of dust
and other foreign materials. Connections must be checked. All bearings must be
oiled or greased.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Electric motors

2. The basic toel kit

3. Installation/eleetrical materials.

ENABLING OBJECTIVE(S):
1, Identify the terminology associated with motors.
2. Determine the proper tools and materials to be used.
3. Identify the importance of selecting the proper cleaning materials.

RESOURCES:
Alerich. Eleetrieity 4, pp. 141-153.

TEACHING ACTIVITIES:

1. Review the routine maintenance recommendations with students.

2. Demonstrate the special areas for cleaning.

3. Provide the students with various types and sizes of motors for viewing.

4, Demonstrate the proper techniques for checking the voltage on motors.

5. Invite a motor manufacture representative to talk to the class on servieing
electric motors.

6. Demonstrate the proper procedure for cleaning to prevent damage to interior
motor wiring.

7. Demonstrate proper procedures for checking motor lead connections for
tightness, routing and continuity.

8. Demonstrate proper procedure for lubricating different types of bearings.

CRITERION REFERENCED MEASURE:
Questions:-
1. Careful motor troubleshooting requires the use of:
a. The sense of smell
b. The sense of feel
c. Hearing and vision
d. All of these.
2. Ball bearings should be removed from a motor shaft using a:
a. Ball pin hammer
b. Bearing puller
c. Balance tester
d. Gear puller.




PERFORMANCE ORJECTIVE V-TECS 58 (Continued)

3. Periodic inspection of motors is important because:
a, It is required by the job standards
b. It completes a day's work
c. It is a reguirement of supervision
d. It gives advance notice of impending trouble.

Answers:
1. d
2. b
3. d

PERFORMANCE GUIDE:
1. Loecate motor to be serviced.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.
4. Remove protective covers as required.
5. Clean motor of all foreign materials (dust, straw, lint ete.).
6. Check all wiring connections,
7. Oil or lubricate as required.
8. Replace all protective covers.
9. Turn power on.
10. Assure required operation of motor.

it "L-'l
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DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 59
TASK: Test for correct voltape.

STANDARD OF PERFORMANCE OF TASK: Voltage must be equal to the unit
data plate requirements or the same as supplied by the power distributor for a
given circuit.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. A power source
2. The basie tool kit.

ENABLING OBJECTIVE(S):
1. Determine the proper tools to be used.
2. Identify the needed voltage for the correct operations.

RESCURCES:
Foley. Eleectrical Wiring Fundamentals, pp. 68-72.

TEACHING ACTIVITIES:

1. Discuss the different types of voltage recording devices.

2. Demonstrate the ways to find circuit to be tested for correct voltage.

3. Have the students measure low voltage and high voltage with a volt
ohmmeter.

4. Have students measure unknown voltages set up by the instruector.

5. Discuss the safety practices that should be used when measuring live
cireuits.

CRITERION REFERENCED MEASURE:
Questions:
1. How must a voltmeter be connected to measure voltage across a load?
2. Why should voltage testers be tested before use?
3. If the National Eleectrical color code has been followed, what color will a
wire circuit be?

Answers:

1. It must be connected parallel with eireuit load.
2. To assure there is no breaks in the test leads
3. Black, white and red

PERFORMANCE GUIDE:
1. Locate circuit to be tested.
2. Determine what voltage should be.
3. Turn eircuit on at the distribution service panel or switch.
4. Check voltage using voltmeter.
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DUTY: MAINTAINING EXISTING WIRING
PERFORMANCE OBJECTIVE V-TECS 60
TASK: Troubleshoot a branch eircuit.

STANDARD OF PERFORMANCE OF TASK: A circuit must be checked for open
cireuits, short eircuits, correct voltar . and correct polarity. All connections
must be tight. The voltage must be as - . juired and the circuit must funetion,

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. A defective branch ecireuit
2. The basie tool kit.

ENABLING OBJECTIVE(S):
1. Identify the prineciples of the electrical circuit operation.
2. Identify the conditions that effect proper electrical operation.
3. Determine the proper tools and materials to be used.

RESOURCES:
Foley. Electrical Wiring Fundamentals, pp. 230-242.
Miller. Industrial Eleetricity, pp. 343-345.

TEACHING ACTIVITIES:

1. Define "troubleshooting.”

2. Have the students read Eleetrical Wiring Fundamentals, pp. 230-242.

3. Demonstrate the simple circuit problems using troubleshooting process.

4, Invite a potential employer to discuss the importance of sound
troubleshooting techniques.

5. Have the class work together on designing a troubleshooting chart.

6. Demonstrate troubleshooting techniques used to locate an open or a short
circuit in a typical bench circuit.

1. Demonstrate the procedure for checking the voltage and polarity of a typical
branch eircuit.

CRITERION REFERENCED MEASURE:
Questions:
1. What type of tests are made to check connections for breaks in wiring?
2. What are the two most common problems in electrical work?
3. Define troubleshooting.
4, When an outlet or device is properly wired, it is said to have what?

Answers:

1. A continuity test

2. Short circuits and open circuits

3. The systematie diagnosis of malfunetions
4, Crrect polarity.




PERFORMANCE OBJECTIVE V-TECS 60 (Continued)

PRACTICAL APPLICATION:
Troubleshoot a defective fluorescent light fixture. Make the needed repairs to
assure the proper operations.

Use the Checklist Performance Objective 60 to determine if the assignment was
completed with at least a 90 percent accuracy.

PERFORMANCE GUIDE:

1.
2.
3.
4.
5.
6.

7.

8.

9.
10.

Turn power off, if required.

Locate the power source and the route of the circuit to be checked.
Remove all cover plates.

Check all connections.

Check voltage with voltmeter at each outlet beginning at the service panel.
Check each outlet for correct polarity.

When short, open, or faulty circuit has been located, using ohmmeter, repair
or replace the circuit.

Replace all protective covers.

Turn power on.

Assure required operation.

s
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CHECKELIST FOR PERFORMANCE OBJECTIVE V-TECS 60 EVALUATION

PERFORMANCE TEST FOR TROUBLESHOOTING

Student's Name . ~— Date
DIRECTIONS TO STUDENT: Troubleshoot a defective fluorescent light fixture.

Msake needed repairs to assure proper operation.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to items to
be evaluated. The student is to complete the task in a

for competency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student turned the power off. _ _
2. The student removed the fixture cover.
3. The student turned the power on. 7
4. The student checked for proper lamp align-
ment. - .
5. The student visually checked wiring.
6. The student checked the lamp sockets. -
7. The student replaced the lamps with new
lamps. )
8. The student checked for proper voltage. ) -
9. The student turned the power off. e
10. The student replaced the ballast with a
new one. _
11. The student completed the task in a rea-
sonable amount of time.
12. The student followed safety procedures.
APPROVED: Yes_______ No
Evaluator's Signature T Date -
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DUTY: OPERATING BUSINESS
PERFORMANCE OBJECTIVE V-TECS 61
TASK: Develop employee work schedules.

STANDARD OF PERFORMANCE OF TASK: The schedule must insure that all
work will be finished by scheduled completion dates.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1. A list of employees (ineluding a description of employee's competencies).

2. Lists of jobs to be accomplished (including seheduled completion dates).
ENABLING OBJECTIVE(S):

1. Identify and use materials and tools needed for the assignment.

2. Identify technigque of scheduling around assemblies and holidays.

3. Interpret areas needing revisions to accomplish work as scheduled.

RESOURCES:
Weaver. Shop Organization and Management, pp. 81-90.

TEACHING ACTIVITIES:
1. Instruct the student to read bulletins and job sheet on the job to be
completed as used as the textbook Shops Organization and Management, pp.
81-90.
2. Discuss the different methods of job assignments.
3. Determine if the job requires shift work.
4, Identify the type of personnel required for the assignment.
5. Have the student practice working up a schedule.

Questions:
1. The student's knowledge of a particular task:
a. Should be considered
b. Makes no difference
c. Helps when making assignment
d. Both a and c.

a. Personnel, equipment, experience, and time
b. Personnel, experience and equipment
c. Personnel, experience
d. None of the above.
3. Things that could interrupt a work schedule are:
a. Customer
b. Holidays
c. Worker experience
d. All of the above.
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PERFORMANCE OBJECTIVE V-TECS 61 (Continued)

Answers:
1. d
2. a
3. d

PERFORMANCE GUIDE:
1. Prioritize jobs to be accomplished.
2. Assign employees to jobs consistent with their competencies.
3. Assign employees to jobs according to priority.
4, Assign employees to job according to time required to complete job.
5. Schedule work around use of equipment and facilities.
6. Schedule work around special occasions: i.e., holidays, customer
convenience, ete,
7. Revise schedule to insure completion of work by scheduled date.
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DUTY: OPERATING BFSINESS

PERFORMANCE OBJECTIVE V-TECS 62

TASK: Develop/maintain filing system.

STANDARD OF PERFORMANCE OF TASK: Any randomly selected document
should be retrieved within one minute.

SOURCE OF STANDARD:
Tennessee Writing Team.

1i,
2@
3i

A requirement for a filing system
Supplies
Materials to be filed.

ENABLING OBJECTIVE(S):

1-,
2.
3@

Use proper m ethods for setting up filing system.

Read and interpret directives to establish a filing system.

Recall the techniques in setting up a filing system.

RESOURCES: :
Weaver. Shop Organization and Management, p. 134

TEACHING ACTIVITIES:

1.

2.
3.
4.
5.
6.

Instruet the student to read sample directives, establis

system.
Discuss the different types of filing systems.

hing the loeal filing

Identify the different types of folders used to set up files.

Demonstrate how the files are indexed.
Have students practice filing.
Explain the reasons for maintaining a file.

CRITERION REFERENCED MEASURE:
Questi@ns:

1.

Why should test be filed?
Security
Convenient
Reference
All of the above,
file should be maintained on each:
Student
Trainer
Test
Office bulletin.
here should official records be stored?
. Homeroom
Guidance office
Central office.

e
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PERFORMANCE GUIDE:
1. Analyze record keeping requirements.
2. Scan data/materials for possible classifications/groupings.
3. List logieal methods of filing, i.e., alphabetical, numerical, geographieal,
chronological, or funetional.
4, Seleet appropriate system and subsystem if applicable.
5. Write out plan.
6. Sort and assemble data in accordance with system or method selected.
7. Prepare folders, labels, and index in aceordance with method selected.
£ ..e the materials.
9. Perform file maintenance as necessary.
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DUTY: OPERATING BUSINESS
PERFORMANCE OBJECTIVE V-TECS 63

STANDARD OF PERFORMANCE OF TASK: The developed pay scale and benefits
must assure competitive compensation for retention of qualified employees.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Access to employee wage, hour, and tax information.
2. Potential benefits for workers.

ENABLING OBJECTIVE(S):
1. Identify the terminology used with payroll deductions.

2. Use proper procedures in figuring salary deductions.
3. Read and interpret information given in sample distriet bulletins.

RESOURCES:
Richland School Distriet Two Employee Handbook, 1985-86.

TEACHING ACTIVITIES:
1. Instruet the student to read a sample employee handbook.
2. Discuss ineentive pay for the outstanding employee.
3. Identify the basie pay scale.
4. Demonstrate procedures used in determining salary deduetions.
5. Explain the company fringe benefit poliey.

CRITERION REFERENCED MEASURE:
Questions:
1. Gross salary includes earnings before:
a. Social security
b. Federsl tax
c. State tax
d. Retirement
e, Annuity
£. All of the above.
2. Fringe benefits are to gross earnings.
a. in addition
b. included
c. voluntary
d. none of the above.
3. One standard deduction is:
a. Insurance
b. United fund
c. Social security
d. Car payment.



PERFORMANCE OBJECTIVE V-TECS 63 (Continued)

Answers:
1. f
2.
3.

o

PERFORMANCE GUIDE:
1. Establish wage incentives.
2. Establish and record base pay.
3. Establish fringe benefits.
4, Establish and record dollar value of fringe benefits.
5. Establish and record tax advantages of fringe benefits.

o
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DUTY: OPERATING BUSINESS
PERFORMANCE OBJECTIVE V-TECS 64
TASK: Estimate cost of a job.

STANDARD OF PERFORMANCE OF TASK: The estimate must inelude the cost
of materials, cost of labor, overhead cost, and expected profit and must be within
*+ 59 of that estimated by the architeet or chief estimator.

EOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. The drawings and specifications of a specific installation
2. All the necessary forms, schedules, and current pricing information.

ENABLING OBJECTIVE(S):
1. Determine proper forms used in estimating job cost.
2. Read and interpret blueprints.
3. Recall teechnique of figuring labor schedule.

RESOURCES:
Alerich. Electrical Construction Wiring, pp. 453-467.

TEACHING ACTIVITIES:
1. Instruct the student to read Electrical Construction Wiring, pp. 453-467.
2. Discuss initial cost of material, labor and overhead.
3. Determine the profit expected from the job.
4, Demonstrate the procedures used completing the estimate forms.
5. Have students practice estimate from a floor plan.
6. Have students discuss why a proper estimate is important.

CRITERION REFERENCED MEASURE:
Questions:
1. List three proper pricing steps for determining an electrieal estimate.
2. How are labor units expressed?
3. What is meant by the term price cost?
a. Materials
b. Labor
c. Materials, labor, overhead, and profit
d. Materials and labor.

Answers:

1. Cost of materials
2. Operation and time
3. d

|
\I
]



PERFORMANCE OBJECTIVE V-TECS 64 (Continued)

PERFORMANCE GUIDE:

1. Study all the drawings and specifications provided.
2. Draw up a list of any or all of the following needed:
a. Branch circuit schedule
b. Lighting Fixture schedule
c. Branch circuit materiais schedule
d. Service, feeder, and panel schedule
e, Labor unit schedule.
3. Transfer the above information to an estimating form including:
a. Unit cost of materials
b. Material cost
c. Unit labor and hours

d. Labor cost.

4. Add all materials and labor costs.
5. When making an estimate for bidding:
a. Add overhead
b. Add tax
c. Add the expected profit
d. Add any expense not listed above.
6. Submit the estimate to the requesting authority.
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DUTY: OPERATING BUSINESS
PERFORMANCE OBJECTIVE V-TECS 65
TASBK: Terminate employee.

STANDARD OF PERFORMANCE OF TASK: The termination of an employee
must be in accordance with established labor practices and laws. The terminated
employee must know the reason he/she is discharged and have separation notice.
Current work records without errors of the employee must be kept on file.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

ENABLING OBJECTIVE(S):
1. Interpret grievance procedures.
2. Reecall techniques of filing for grievance procedures.

RESOURCES:
Adkins. Life Skills Program — Keeping My Job: Habits That Help.

TEACHING ACTIVITIES:
1. Instruet the student to read office policies and procedures for employee
termination.
2. Discuss with the employee reasons for termination.
3. [dentify the methods of recourse the employee may have.
4, Demonstrate procedures for warning the employee.
5. Have the student practice terminating a employee.
6. Have the student discuss why proper procedures are important.

CRITERION REFERENCED MEASURE:

Questions:

1. Before the employee is terminated all warnings should be:
a. Oral
b. Documented.

2. An employee can be terminated for:
a. Age
b. Race, creed
c. Insubordination
d. Personality conflict.

Answers:

1. b

2. c




PERFORMANCE OBJECTIVE V-TECS 65 (Continued)

PERFORMANCE GUIDE:
1. Document all warnings.
2. Meet with the employee on a one-to-one basis.
3. Discuss the reason for the termination.
4, Document the firing and file with employee records.
5. Notify employee of actions by mail.
6. Complete necessary forms for local, state, and federal agencies as required.
7. File copy for your records.
8. Notify bookkeeper so company records can be adjusted to show termination
of employee.
9. Give empleyee his severance pay.




_nﬂ'ﬂ:: OPERATING Busmm
_;ﬁBEPDEIAHCE OBJECTIVE V-TECS 86

TASK: Hire emplgyee.

STANDARD OF PE!PDI!ANGE OF TASK: Hiring should be done in accordance
with all governing labor practices and laws. Employee must be informed of salary,
benefits, and job dgseﬂptian.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
A situation where additional employees are needed.

ENABLING OBJECTIVE(S):

1.
2-

Fill out a job application.
Conduct an interview.

- RESOURCES:
Hayden. Job Market.

TEACHING ACTIVITIES:

1.

2.
3.
4.
5.

Instruct the student to read office pmcedures.

Identify the need for employment.

Role play interviewing a prospective emplﬂyeg,

Have student check sample references and work experience.

Have student simulate notification of appiicants about their standing, and
thank them for their interest in the company.

Demonstrate procedure for nntifying the applicants that they have been
selected.

CRITERION REFERENCED MEASURE:

Cestions:
1. The interviewee‘s should be notified of their standings. (True or Frilse)
2. The selectee should be notified:
’ a. By telephone
b. In Writing
e.  Neither (a) nor (b)
_ d. Both (a) and (b).
3. The interviewee should _ for the interview.
a. chew gum )
b. bring a friend
e, be on time
d. talk continuously.
Answers:
1. True
2! d
c

3.
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PERFORMANCE OBJECTIVE V-TECS 66 (Continued)

PERFORMANCE GUIDE:

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11,
12,

Determine there is a need to hire an employee.
Establish work qualifications needed to fill the job.
Advertise the open job.

Accept applications and resumes for specified time.
Evaluate applications.

Schedule interviews.

Interview selected applicants.

Select applicant to be hired.

Notify applicant that he/she has been selected.

Inform applicant of starting date, time, and other pertinent information.
Notify remaining applicants expressing gratitude for their interest in your
company. Make them aware that their application will be held for future
openings.

i81
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DUTY: OPERATING BUSINESS
PERFORMANCE OBJECTIVE V-TECS 67
TASK: Maintain time records.

STANDARD OF PERFORMANCE OF TASK: The time records must be maintained
without computational errors.

SOURCE OF STANDARD:

Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Time records

2. Supplies

3. Calculator.

ENABLING OBJECTIVE(S):
1. Use proper records to be maintained.
2. Interpret information to be recorded.
3. Recall technique of time kecping.

RESOURCES:
Weaver. Shop Organization and Management, p. 122.
TEACHING ACTIVITIES:
1. Instruet the student to read sample office policy on time keeping.
2. Discuss the different methods of maintaining time records.
. Identify the different types of time cards, time sheets, ete.
. Demonstrate posting the time data on the time record.
Have the student calculate a sample time for a pay period.

bl

CRITERION REFERENCED MEASURE:

Questions:

1. Most companies pay once every:
a. Week
b. Two weeks
c. Month
d. Day.

2. Large companiesusea _____ _ for time keeping.
a. sign in sheet
b. token system
c. time clock
d. supervisor.

3. What is the advantage of keeping records for time spent on produection?
4. Scheduling
b. Planning
c. Neither (a) or (b)
d. Both (a) and (b).
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PERFORMANCE OBJECTIVE V-TECS 67 (Continued)

Answers:
1. b
2. c
3. d

PERFORMANCE GUIDE:
1. Loeate all time sheets, cards, etc.
2. Post data on permanent time sheets.
3. Compute total time for pay period.




DUTY: OPERATING BUSINESS
PERFORMANCE OBJECTIVE V-TECS 68
TASK: Negotiate credit.

STANDARD OF PERFORMANCE OF TASK: Interest rates and payment schedules
must be analyzed from at least two sources.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
A need for credit.

ENABLING OBJECTIVE(S):
1. Define terms of credit.
2. Use and interpret credit forms.

RESOURCES:
Alerich. Eleetrical Construction Wiring, pp. 453-467.

TEACHING ACTIVITIES:
1. Instruet the student to read loan ageney, policy and guide lines.
2. Discuss the amount of credit needed and purpose of credit.
3. Identify different types of credit available.
4. Demonstrate procedures of completing application forms.
5. Have student formulate personal references.

CRITERION REFERENCED MEASURE:
Questions:
1. The loan officer conducting the interview is protecting:
a. His money
b. The agency
e. Your company
d. Both (b) and (e).
Your references should be from:
a. Relatives
b. Friends
c. Acquaintances
d. Business acquaintance.
3. What is meant by prime cost?
a. Materials
b. Labor
c. Materials and labor
d. Materials, labor, plus overhead expenses.

(=]

Answers:
1. d
2. d
3. c
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PERFORMANCE OBJECTIVE V-TECS 68 (Continued)
PERFORMANCE GUIDE: :

1. Determine amount of credit needed.

2. Make appointment with bank, loan agency, ete.

3. Assemble data to show that your company is a good credit risk.

4. Meet with loan agency and present your proposal to loan agenecy for credit

with data to substantiate your request.
3. Evaluate proposals.
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DUTY:

PERFORMANCE OBJE

OPERATING BUSINESS
E

TASK: Obtain insurance.

STANDARD OF PERFORMANCE OF TASK: Insurance coverage must not deviate
from prescribed liabilities.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
gi

The need for insurance
A list of qualified agents

ENABLING OBJECTIVE(S):

1.
2.

Determine the types of insurance.
Interpret the insurance terminology.

RESOURCES:
Weaver, Shop Organization and Management.

TEACHING ACTIVITIES:

1.
2.
3.
4.
5.

Instruct the student to read office policies on insurance requirements.
Discuss the type and amount of insurance required.

Identify the different policies offered.

Have the student complete an insurance application.

Discuss the advantage of liability insurance.

CRITERION REFERENCED MEASURE:
Questions: .

1@
2'!

As an electrician you would be required to have a. __b. ___ __c
_ coverage.

In addition to the above a. b. e. coverage is

offered in most cases.

What are the advantages of reporting accidents in a formal written report?
a. Legal support

b.  None -

c. Satisfy the boss

d. Satis{y the student.

Answers:

1.
2'!
3.

Fire, theft and liability
Hospitalization, life and dental
a
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PERFORMANCE OBJECEEIVE V-TECS 69 (Continued)

PERFORMANCE GUIDE:

1§

%

Determine the= type of insurance covenge needed. EZXs=mmple: fire, theft,
liability, hospl_ talization, life, dental, ate
Contact two == more insurance agenciestoprepar= progfaeams for you.

Study and com=zipare the different programs to determin®  the program which
best suits yoUur— needs.

Obtain a legal opinion of the policies.

Select the pros=gram which best suits yourneed.

Purchase the L. nsurance program.
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DUT Y 0PERAT/NG G BUSINESS
PERTWMANCE OEEBJECTIVE V-TECS 70
U§K: Prepar=e payroll records.

IANDARD @OF PERFORMANCE OF TA$: Prepare a =oayroll without errors in
lries of coM putations.

NURCE OF SSTANDARD:
Tmessee Wri-Zting Team.

ONDITIONS . FOR PERFORMANCE OF “TiK:
L Withhe¥d Hing tables

L Complels-ed time eards

) Ewmployte-e earning records

\  Payroll b—egister

i Checkple-ok

ENABING OBJECTIIVE(S):
L Identif¥ = and use forms of a payroll peeord.
L Interprét= techniques for maintainingpyroll records.

RESQOICES:
lss. AccouMs-ting, pp. 440-452.

TEACING ACTIVIRTIES:
L Have tft = student read office policiesm maintaining payroll.
L Discuss t=he deductions.
I Determitmne the social security to be yithheld.
4 Have tPt = student compute taxes andrtirement.
i Have tf%¢ = student prepare the pay Vouter.
i Have tPhe¢ = student prepare the check swwing all witht=zoldings.

CRITINON REFER: -ENCED MEASURE:

(ustions:

L List the o mandatory deductions from ti pay check.
a. — .
b,

C. ~—

L FICA and state tax are voluntary deditions in most =states. (True or False)
i The emPlFloyee may select direct paynents for:

a, HOz=ise payment

b. CArz payment

c Al mony
d. CFe==dit union.

Aswers:

I FICA, fe=deral and state tax
1 Fajse

I d
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PERFORMAMCE OBJRCT"IVE V-TECS 70 (Continud)

PERFORMMCE GUIDE:
1. Mateh time ca__rds with employee earnjnrecord.
2. {ompute gross=s pay.
3. letermine wit- hholding from federal tartibles.
4, (ompute FICA= withholding,
5. Compute other= withholding or adjust meals.
6. (ompute nat —ay.
1. frove register—
8, inter data on —employee earning recordid register.
9. Prepare check in amount of net pay:.




DUTY: OPERATING BUSINESS

PERFORMANCE OBJECTIVE V-TECS 71

STANDARD OF PERFORMANCE OF TASK: Inventory must contain all ma terials
in stock by quantity and deseription of like items.

SOURCE OF STANDARD:

CONDITIONS FOR PERFORMANCE OF TASK:

1. A supply room or any area containing quantities of eqipment
2. Materials

3. Supplies.

ENABLING OBJECTIVE(S):
1. Define the terminology of tools and equipment.
2. Read and interpret information given on instruction sheets.
3. Recall techniques of storing tools.

RESOURCES:
Weaver. Shop Organization and Management. pp. 64-70.

TEACHING ACTIVITIES:
1. Instruet the student to read office procedures on inventory.
2. Discuss the different methods maintaining an inventoy.
3. Identify the different ways to display tools and equipment.
4. Demonstrate proecedures used in documenting inventoy.
5. Have student practice locating identification tags onequipment.

CRITERION REFERENCED MEASURE:
Questions:
1. How could errors be avoided when checking in tools ad materials?
a. Use token
b. Use sign-in-out sheet
c. Neither (a) nor (b)
d. Either (a) or (b).
2. Give advantage _or disadvantage ____ of perpetual
inventory. :
3. Tools should be marked to prevent:
a. Theft
b. Damage
c. Loaning.

Answers:

1. d

2. Less loss, time consuming
3. a




PERFORMANCE OBJEC™TIVE V-TECS 71 (Continued)

PERFORMANCE GUIDE==

1, ot and separ——ate the pieces of equipment.

2, Sut and sepaz—ate the materials.

3. ot and separ=ate the supplies.

4, Cunt and re—=cord the number of each item of equipment, materials,; and
sipplies.

5. Recount the r—iumber of each item comparing the second count to the record
mde of the [ =3rst.
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 72

TASE: Rough in 120 or 240 volt circuits to distribution panel using nonmetallic
sh2athed cable (N.M.C.). :

STANDARD OF PERFORMANCE OF TASK: Cable(s) must be installed with
sufficient length to reach the point of connection. Cable(s) must enter panel
through approved connectors. Circuits must be identified as to voltage or load
served. The circuits must meet the requirements as outlined by the National
Electrical Code (Article 336-5, 336-10) and the local authority having jurisdiction.
SOURCE OF STANDARD:

Tennessee Writing Team.

National Electriecal Code. pp. 185-186.

CONDITIONS FOR PERFORMANCE OF TASK:
1. The basie tool kit
2, Installation/eleetrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.

RESOURCES:
Colvin. Eleetrical Wiring, pp. 62-65.

TEACHING ACTIVITIES:
1. Describe the differences in the various distribution panels using a typieal
panel as an example.

2. Demonstrate the procedure for installing the cable connectors using a typieal
panel as an example.

3. Explain the procedure for determining the proper cable length inside the
panel.

4, Explain the identification of the branch circuits using marking tape and/or,
panel chart.

5. Have the students install several cables in a typical panel using cable
connectors.

CRITERION REFERENCED MEASURE:
Questions:
1. To facilitate ease of maintenance, at least ____ inches of free wire
should be protruding from any electrical box.
a.
b.
d.

TR R
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PERFORMANCE OBJECTIVE V-TECS 72 (Continued)

2. Bends in nonmetallic sheathed cable should not exceed __ times the
diameter of the cable.
a.
b.
c.
d.
3. When installing nonmetallic cable in a box with elamps, you should leave
______inch of cable sheathing exposed past the clamp in the box.
. 1/4
b. 1/2
c. 1/4 - 1/2
d. 1

foo 4 Y N

Answers:
1. b
2. c
3. c

PERFORMANCE GUIDE:

1. Loeate installation point.

2. Remove proper size knockout from distribution panel.

3. Attach a nonmetallie conrector to distribution panel.

4, Pull cable from the outside of distribution panel through the cable connector
to opposite side of panel.

5. Tighten clamp on cable. Be careful not to damage insulation.

6. Identify ecircuits as to load served.




DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

PERFORMANCE OBJECTIYE V-TECS 73

TASK: Rough in armored cable to outlet box.

STANDARD OF FERFORMAMNCE OF TASK: Exposed cable must be supported at
intervals not exceeding 4% feet and must be supported within 12 inches of box or
fitting. Insulating bushing must be visibie after installation. The cable must meet
the requirements as outlined by the National Electrical Code (Article 333) and the
local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessée Wntmg Tearﬁ.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
23

The basie tool kit
Installation/electrical materials.

ENABLING OBJECTIVE(S):

1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.
RESOURCES:

Richter. Practical Electrical Wiring, pp. 184-189.
Mullin. Eleectrical Wiring, Residential. pp. 32-35.

TEACHING ACTIVITIES:

1.
2,‘

3.
4.

5§

Explain the various uses for armcred eable.

Demonstrate the procedure for cutting the metal covering from the armored
cable.

Demonstrate the procedure for installing the armored cable to the outlet box
using the varlous Eanneetars avallable.

metal n:nvermg
Have the students install an armored cable to an outlet box using typieal
connectors.

CRITERION REFERENCED MEASURE:
Questions:

1,i

Armored cable may be bent to a radius of not less than ______ times the
diameter of the cable.

a. 5
b. 6
e, 8
d. 10

fresi
2 Gt
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PERFORMANCE OBJECTIVE V-TECS 73 (Continued)

2. To protect the wire insulation from damage by the cut ends of the armor,
you should: '
a. Insert a fiber bushing between the armor and wires
b. File the cut armor ends smooth
c. Be sure the filler paper protects the wires
d. Use electrical tape to cover the wires.
3. The armor can be cut from the armored cable using a:
a. Hacksaw
b. BX cutter
c. Pair of lineman pliers
d. Either (a) or (b).

Answers:
1. d
2. a
3. d

PRACTICAL APPLICATION:
Install armored cable to an outlet box using two conductor cable and a standard
armored cable connector.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist for Performance Objective No. 73 to determine if the assignment
was completed with at least 80 percent aceuracy.

PERFORMANCE GUIDE:
1. Remove proper size knockout from outlet box.
2. Remove dix inehes of armor from cable end.
3. Attach armored cable connector to outlet box.
4, Install insulating bushing.
8. Feed wire through cable connector until cable bottoms out in connector.
6. Tighten connector on armored cable.

frams
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CHECKLIST FOi& Fli ¥+ NCFE IBIRCTIVE V-TECS 73

PRACTICAL EVALUATION "% [WSTA! /NG ARMORED CABLE TO AN OUTLET

Sy

Student's Name

DIRECTIONS TO STUDENT:

DIRECTIONS TO EVALUATx::

Date

Reugt 'n armored cable to an outlet box using an
groieeed cable connector,

{isservia the student. Pay close attention to the items

e mvaluated. Be sure the task is completed within
a reasonable time as would be required on the job with
80 percent proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

Armor was cut correetly using a hacksaw or

BX cutter.

Fiber antishort bushing was

properly placed. , _

Armored cable connector was securely installed

on cable.
Knockout in outlet box was

Cable connector was secure
knockout opening.

properly removed. —_— —

ly installed in

Locknut was tightened so the teeth bite

into the metal box.

At least six inches of free wire was left

in the outlet box,

Armored cable was secured
inches of the outlet box.

Work area was eleaned.

APPROVED: Yes __ No

within twelve

Evaluator's Signature

" Date
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFOGRMANCE OBJECTIVE V-TECS 74
TASK: Rough in cable between an existing box and newly installed box.

STANDARD OF PERFORMARNCE OF TASK: Cable must be of suffiecient ampacity
to serve the connected load and must be suitable for the location. Interior wall
finish must not be damaged. The cable must meet the requirements as outlined by
the National Electrical Code (Article 300, Part A) and the local authority having
jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 113-122,

CONDITIORS FOR PERFORMANCE OF TASK:

1. Power source

2. Previously roughed in wiring

3. Th basie tool kit

4, Installation/electrical materials.

BLING OBJECTIVE(S):

1. Read and interpret residential blueprints.

2. Read and interpret the National Electrical Code.
3. Read and interpret local Code requirements.

ENAI

RESOURCES:

Alerieh. Eleetrical Construction Wiring, Chapter 15.

TEACHING ACTIVITIES:
1. Describe the various building econstruction methods which may be
encountered in roughing in the cable.
2. Explain the procedure for determining the cable routing path.
3. Demaonstrate the procedure for routing the cable through the existing wall.
4, Demonstrate the procedure for connecting the cable to the outlet boxes
using a typical outlet box and cable.
5. Demonstrate the procedure for installing the new outlet box in the existing
wall without damage to the wall finish.
6. Have the students rough in the cable in a typiecal wall structure to a new
outlet box. ‘
CRITERION REFERENCED MEASURE:
Questions:
1. The mounting ears on the ends of an outlet box are adjustable to allow for:
a. Space to work around box
b. Use in soft wall material
c. Ease of installation
d. Various thickness of walls.
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PERFORMANCE OBJECTIVE V-TECS 74 (Continued)

25

Cable elamps are not necessary in outlet boxes if the cable can be supported
within ___ inches of the box.

a. 6

b. 8

c. 10

d. 12

When pulling type NM cable, the Code states that no bend shall have a radius
less than __._ times the diameter of the cable.

a. 3

b. 4

c. 5
d. 6

Answers:

1?‘
2.
3.

d
b
c

PRACTICAL APPLICATION:
Rough in a nonmetallie sheathed cable between an existing outlet box and a newly
installed outlet box.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist for Performance Objective No. 74 to determine if the assignment
was completed with at least 80 percent proficiency.

PERFORMANCE GUIDE:

1.
2.

Turn power off,

Determine that power is off by checking conductor(s) at the point of

connection(s) with voltage toctor.

Determine route for the cable to t-svel.

Bore holes for cable as needed.

Remove knockout from both boxes.

Run cable.

a. If armored cable, fasten cable to boxes with appropriate connector and
install insulated bushing.

b. [f nonmetallie cable, run cable into boxes and fasten cable to structure.
Be sure to leave approximately six inches of free standing wire in each
box.

Turn power on.

Assure required operation.



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 74

PRACTICAL EVALUATION FOR ROUGHING IN TYPE NM CABLE TO EXTEND A

CIRCUIT
Student's Name — o Date -
DIRECTIONS TO STUDENT: Rough in the NM cable from an existing outlet box to

a newly installed box in old work.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job with
an 80 percent proficieney leval.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student turned off power. o
2. The student properly routed the cable. _ —_—
3. : The student properly supported the eable. e
4, The student installed the connectors. —
5. The student left six inches of free wire
in each box. _ e
6. The student left 1/4 to 1/2 inch of outer
sheathing in each box. —
7. The student checked for proper operation. .
8. The student cleaned the work area. -
APPROVED: Yes No
Evaluator's Signature B — Date 77”
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

PERFORMANCE OBJECTIVE V-TECS 75

TASK: Rough in cable or conduit for branch circuits.

STANDARD OF PERFORMANCE OF TASK: The installation must be completed
without damaging the interior finish. Cable or conduit must be of correct size for
the load tn be served. Cable or conduit must extend from power source to the
outlet box of the load served and must terminate in approved fittings. The branch
circuits must meet the requirements as outlined by the National Electrical Code
(Article 300, part A, and Article 250) and the local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 83-110, 113-122.

CONDITIONS FOR PERFOEMANCE OF TASK:
1. The basie tool kit
2. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret residential blueprints.
2. Read and interpret the National Electrical Code.
3. Read and interpret local Code requirements.

RESOURCES:
Colvin. Electrieal Wiring, pp. 151-156.
Richter. Practical Electrical Wiring, pp. 164-180.

TEACHING ACTIVITIES:
1. Explain the procedure for determining the correct size of conduit for the
installation.
2. Describe the various types of conduit and connectors using examples of each.
3. Demonstrate the procedure for preparing the conduit for installation.
4, Demonstrate the procedure for supporting the conduit using the various
means available.
5. Demonstrate the roughing in of the conduit using a typical wall strueture and
materials.
Demonstrate the procedure for pulling the conduectors in the conduit.
Have the students install a branch circuit using eonduit and individual
conductors.

~J

CRITERION REFERENCED MEASURE:
Questions:
1. A run of conduit must not contain more than the equivalent of:
a. Four quarter bends per ten feet of conduit;
b. Two quarter bends per ten feet of conduit;
c. Two quarter bends per two sections of conduit;
d. Four quarter bends totaling 360 degrees.




PERFORMANCE OBJECTIVE V-TECS 75 (Continued)
2. EMT conduit must be supported within feet of each outlet box and at
' _feet thereafter.

a. 1
b. 2,
e, 3
d. 3,6
3. EMT shall NOT be. used: :

a. Where it will be subject to severe physical damage;

b. Where protected from corrosion solely by enamel;

c. In ecinder concrete or cinder fill where subject to moisture;

d. All of the above.

T et LY ol !

Answers:
1. d
2. c
3. d

PRACTICAL AFPLICATION:
outlet box.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective No. 75 to determine if the
assignment was completed with at least 80 percent proficiency.

PERFORMANCE GUIDE:
1. Determine the location for installing the cable or conduit.
2. Remove knockout or provide opening for boxes.
3. Install cable connector or conduit connector.
4, Pull cable for circuit or run conduit for circuit,
5. If eondui:, pull conduetors through conduit.
6. If metallic conduit, install insulated bushing.
7. Attach cables or raceway to structure as required.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 75
PRACTICAL EVALUATION FOR ROUGHING IN CONDUIT AND CONDUCTORS
FOR BRANCH CIRCUITS

Student's Name T Date

DIRECTIONS TO STUDENT: Rough in the conduit and conduetors for a branch
circuit from the power source to the outlet box using
EMT.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items

a reasonable time as would be required on the job at
an 80 percent proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected the correct size
conduit. -

2. The student routed the conduit properly.

3. The student instalied the connectors pro-
perly. —

4. The student pulled the required conductors
into the eonduit. ,

5. The student supported the conduit per
Code requirements. —_

6. The student left at least six inches of
free wire. , _

7. The student cleaned the work area.

APPROVED: Yes____ No

Evaluator's Signature ' Date



DUTY:

: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

ERFOEMANCE OBJECTIVE V-TECS 76

TASK: Rough in the circuit for a device controlled by two three way switenes
with feed to the switch box. :

STANDARD OF PERFORMANCE OF TASK: 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 eircuit to funetion. The
cireuit must meet the requirements as outlined by the National Electrical Code
(Article 300, Part A) and the local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 113-122.

ENABLING OBJECTIVE(S):

1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements,

RESOURCES:

Colvin. Electrical Wiring, pp. 55-67.
Rockis. Residential Wiring, pp. 79-94.

TEACHING ACTIVITIES:

1. Explain the procedure for detérmmmg the eable size of sufficient ampacity

for the load.
2. Describe the various types of nonmetallic cable to be used in three way

switeh eirecuits.

3. Demonstrate the routing and securing of the cable using a typical wall
structure and nonmetallic eable.

4, Demonstrate the procedure for securing the cable to the outlet boxes uslng
the various types of connectors available.

5. Demonstrate the procedure for stripping the outer covering from the cable m

the outlet box.
6. Have the students install a three way switeh circuit using nonmetallic cable,

CRITERION REFERENCED MEASURE:

Questions:
1. Type NM cable must be secured within ______ inches of the outlet box and at
intervals of not more than _ _feet.

a. 8, 2
b. 14, 2
c. 12, 3
d. 12, 4%

204

200



PERFORMANCE OBJECTIVE V-TECS 76 (Continued)

2. Bends made in nonmetallic cable shall have a radius less than times
the diameter of the eable.
a. four
b. five
c. six
d. seven
3. To facilitate ease of maintenance, at least iriches of free wire should
be left inside each outlet box.
a. four
b. five
e. six
d. seven
Answers:
1. d
2. b
3. e

PRACTICAL APPLICATION:
Rough in the nonmetallic sheathed cable to a three way switch circuit with the
source at the switeh outlet box.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 76 to determine if the assignment
was completed with at least 80 percent proficiency.

PERFORMANCE GUIDE:

1.
2.

3.
4,
5.
6.

Locate previously installed boxes.

Run a two wire cable of proper size to the device being controlled from the
remaining switeh box.

Strip at least six inches of outer jacket from each cable.

Attach cable in outlet boxes using approved connectors.

Attach eable to building structure at required intervals.

Fold conductors back into box.

0y
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 76

PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY SWITCH CIRCUIT

Student's Hame o T - ~ Date
DIRECTIONS TO STUDENT: Rough in a three way switeh cireuit using Type NM

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job at
an 80 percent proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student routed the cable in the most
direct path. -
2. The student secured the cable at proper
intervals. .
3. The student secured the cable to the
outlet box using approved connectors. _ _ -
4. The student removed sufficient vuter
covering at each outlet box. e
5. The student installed enough conductors
in each box for circuit to operate.
6. The student cleaned up the work area. e
APPROVED: Yes____ No
Evaluator's Siéiéffﬁfé - Date
i
£y g
2006




DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

PERFORMANCE OBJECTIVE V-TECS 77

TASK: Rough in the circuit for a device controlled by tw three way switches
with feed to the device outlet box.

STANDARD OF PERFORMANCE OF TASK: The cable must be installed in the
most direct pai’-. Power source must terminate at the device outlet box. There
must be sufficient conductors in each box for the cireuit to function. The circuit
must meet the requirements as outlined by the National Electrical Code (Article
300, Part A) and the lceal authority having jurisdietion.

SOURCE OF STANDARD:

National Flectrical Code, pp. 113-122.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
zi

1.
2.

The basie tool kit
Installation/electrical materials.

Read and interpret the National Electrical Code.
Read and interpret local Code requirements.

RESOURCES:
Colvin. Eleetrical Wiring, pp. 55-67.
Rockis. Residential Wiring, pp. 79-94.

TEACHING ACTIVITIES:

1.
2.
3.
4.

5.

6.

Explain the procedure for determining the cable size of sufficient size for
the load,

Describe the various types of nonmetallic cable to be used in three way
switch eircuits.

Demonstrate the routing and securing of the cable using a typical wall
structure and type NM cable.

Demonstrate the procedure for securing the cable to the outlet boxes using
the various types of connectors available.

Demonstrate the procedure for stripping the outer covering from the cable in
the vutlet box.

Have the students install a three way switeh cireuit using Type NM cable.

CRITERION REFERENCED MEASURE:
Questiaﬁs:

1.

Type NM cable must be secured within ___ inches of the outlet box and
at intervals of not more than ________ feet, )

a. 8, 2 -

b. 10, 2

c. 12, 3

d. 12, 4%
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PERFORMANCE OBJECTIVE V-TECS 77 (Continued)

2.

Bends made in Type NM cable shall have a radius less than ____ times the
diameter of the cable.

a. four

b. five

., six

d. seven

To facilitate ease of maintenance, at least ____inches of free wire should
be left inside each outlet box.

a. four

b. five

c. six

d. seven

Answers:

1§
Zi
3.

[y

']

PRACTICAL APPLICATION:
Rough in type NM cable to a three way switch circuit with the source at the load
device box.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 77 to determine if the assignment
was completed with at least 80 percent profieiency.

PERFORMANCE GUIDE:

1§

]

S

5?
6.
7.

Locate previously installed boxes.

Run feeder cable of proper size into the device outlet box.

Run a three wire cable of proper size from one switech box to the device
ocutlet box.

Run a three wire cable of proper size from the other switch box to the
device outlet box.

Strip at least six inches of outer jacket from each cable.

Attach cable in outlet boxes using approved connectors.

Fold conduetors back into box.



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 77

PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY SWITCH CIRCUIT

Student's Name - ~ Date

DIRECTIONS TO STUDENT: Rough in a three way switch ecircuit using Type NM
cable with the power source at the load device box.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job at
an 80 percent proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student routed the cable in the most
direct path. o

2. The student secured the cable at proper
intervals.

3. The student secured the cable to the out-

let box using approved connectors. e
4. The student removed enough outer covering

at each outlet box. _ I

2. The student installed enough conductors

Evaluator's Signature Date
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 78

TASK: Rough in the circuit for a device controlled by two three way switches and
one four way switch (with feed to a three way switeh).

STANDARD OF PERFORMANCE OF TASK: The cable must be installed in the
most direct path. Power source must terminate at the three way switeh. There
must be sufficient conductors in each box for the circuit to function. The circuit
must meet the requirements as outlined by the National Electrical Code (Article
300, Part A) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrieal Code, pp. 113-122.

CONDITIONS FOR PERFORMANCE OF TASK:
1. The basic tool kit

2. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.

RESOURCES:
Colvin. Electrical Wiring, pp. 55-67.
Rockis. Residential Wiring, pp. 79-94.

TEACHING ACTIVITIES:

Explain the procedure for determining the correct cable size for the load.

. Describe the different types of nonmetallic cable to be used in three way and

four way switeh circuits.

Demonstrate the routing and securing of the cable using a typical wall

structure and type NM cable.

4. Demonstrate the procedure for securing the cable to the outlet boxes using
the different connectors available.

5. Demonstrate the procedure for stripping the outer covering from the cable in
the outlet box.

6. Have the students install a three way and four way switeh circuit using type
NM cable.

[ et ‘ﬂ

[

CRITERION REFERENCED MEASURE:

Questions:

L. Type NM cable must be secured within ______ inches of the outlet box and at
intervals of not more than ______ feet.
a. 8, 2
b. 10, 2
c. 12, 3
d. 12, 47
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PERFORMANCE OBJECTIVE V-TECS 73 (Continued)

2.

Bends made in type NM cable shall have a radius less than _____ times the
diameter of the cable.

a. four

b. five

c. six

d. seven

To facilitate ease of maintenance, at least inches of free wire should
be left inside each outlet box.

a. four

b. five

c. six

d. seven

PRACTICAL APPLICATION:
Rough in type NM cable for a three way and four way switeh cireuit with the
source at one of the three way switches.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objeective T8 to determine if the assignment
was completed with at least 80 percent proficiency.

PERFORMANCE GUIDE:

1.
23

Locate previously installed boxes.

Run feed or cable of proper size to one of the three way switeh boxes.

Run a three wire cable from the feed switch box to the four way switeh box.
Run a three wire cable from the four way switeh box to the remaining three
way switch box.

Run a two wire cable from the three way switeh box in step 4 to the device
being controlled.

Strip at least six inches of outer jacket from each cable.

Attach cable in outlet boxes using approved connectors.

Attach cable to building structure at required intervals.

Fold conductors back into box.

211
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 78

'PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY AND FOUR WAY
SWITCH CIRCUIT

Student's Name - - Date
DIRECTIONS TO STUDENT: Rough in a three way and four way switech ecircuit

using type NM cable with the power source at one of
the three way switches.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job at
an 80 percent proficiency level.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student routed the cable in the most

direct path. o .
2. The student secured the cable at proper

intervals. _— -
3. The student secured the cable to the out-

let box using approved connectors. . -
4, The student removed enough outer covering

at each outlet box. — -
5. The student installed enough conductors

in each box for cireuit to operate. _ _
6. The student eleaned up the work area. - ,,,,"

APPROVED: Yes ____ No
Evaluator's Signature T T Date .
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

PERFORMAMCE OBJECTIVE V-TECS 79

one fDur way switeh with feed to the device.

STANDARD OF PERFORMANCE OF TASK: The cable must be installed in the
most direct path. Power source must terminate at the device outlet box. There
must be sufficient conductors in each box for the circuit to function. The circuit
must meet the requirements as outlined by the National Electrical Code (Article
300, Part A) and the loeal authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.

National Electrical Code, pp. 113-122.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
2.

The basie iool kit
Installation/electrical materlals_

ENABLING OBJECTIVE(S):

1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements
RESOURCES:

Colvin. Eleetrieal Wiring, pp- 55-67.
Rockis. Residential Wiring, pp. 79-94.

TEACHING ACTIVITIES:

1.

Explain the procedure for determining the size of cable for the load.

Describe the different types of nonmetallie cable to be used in three way and
four way switch eircuits.

Demonstrate the routing and securing of the cable using a typieal wall
structure and type NM ecable.

Demonstrate the procedure for securing the cable to the outlet boxes using
the different types of connectors available.

Demonstrate the procedure for stripping the outer jacket from the cable.
Have the students install a three way and four way switeh eircuit using type
NM cable.

CRITERION REFERENCED MEASURE:
Questmns.

\l—‘

Type NM cable must be secured within ___ inches of the outlet box and at
intervals of not more than __feet.

a. 8,2
b. 10,2

e. 12,3
d. 12, 4%

o
o
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PERFORMANCE OBJECTIVE V-TECS 79 (Continued)

2. Bends made in type NM cable shall have a radius less than _ __times the
diameter of the cable.
a. four
b. five
c. six
d. seven
3. To facilitate ease of maintenance, at least ____ inches of free wire should
be left inside each outlet box.
a. four
b. five
c. six
d. seven

Answers:
1.
2.
3.

[ =)

PRACTICAL APPLICATION:
Rough in type NM cable to a three way and four way switch circuit with the feed
at the load device box.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for V-TECS Guide 79 to determine if the assignment was
completed with at least 80 percent acecuracy.

PERFORMANCE GUIDE:
1. Leoeate previously installed boxes.

2. Run feeder cable into the device outlet box.

3. Run a two-wire cable of proper size from device outlet box to one of the
three way switches.

4. Run a three wire cable of proper size from one three way switch box to four
way switeh box.

5. Run a three wire cable of proper size from four way switeh box to other
three way switeh box.

7. Attach cable in outlet boxes using approved connectors.

8. Attach cable to building structure at required intervals.

9. Fold conductors back into box.

2 1 glﬂ




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 79

PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY AND FOUR WAY

SWITCH CIRCUIT

Student's Name

DIRECTIONS TO STUDZNT:

DIRECTIONS TO EVALUATOR:

Date

Rough in a three way and four way switch circuit with
the power source at the load device box.

Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job with
an 80 percent proficiency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. The student routed the cable in the most
direet path. _ —
2. The student installed correct cables fnr
the eireuit to operate. - 3
3. The student left at least six inches of
free wire at each cable end. _ _ _ _
4. The student secured the cable to the boxes
using proper eonnectors. o . e
5. The student secured the cable at proper
intervals. e _
6. The student cleaned up the work area. - _ _
7. The student followed all safety procedures. - L _
APPROVED: Yes No __
Evaluator's Signature T - ”” Date B
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
V-

PERFORMAHNCE OBJECTIVE V-TECS 80
TASK: Rough in the circuit for a device controlled by two three way switches and
two four way switches with feed to a three way switch.

STANDARD OF PERFORMANCE OF TASK: The cable must be installed in the
most direet path. There must be sufficient conduectors in each box for the eircuit
to funetion. The eircuit must meet the requirements as outlined by the National
Eleetrical Code (Article 300, Part A) and the local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 113-122.

CONDITIONS FOR PERFORMANCE OF TASK:
1. The basie tool kit
2. Installztion/electrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret the National Eleetrieal Code.
2. Read and interpret local Code requirements.

RESOURCES:
Colvin. Electrical Wiring, pp. 55-67.
Rockis. Residential Wiring, pp. 79-94.

TEACHING ACTIVITIES:

1. Explain the procedure for determining the size of cable for the load.

2. Describe the different types of nonmetallic cable to be used in three way and
four way switeh eircuits.

3. Demonstrate the routing and securing of the cable using a typical wall
structure and type NM esble.

4, Demorstrate the procedure for securing the eable to the outlet boxes using
the different types of connectors available.

5. Demonstrate the procedure for stripping the outer jacket from the cable.

6. Have the students install a three way and four way switch eircuit using type
NM eable.

CRITERION REFERENCED MEASURE:

Questions:

1. Type NM cable must be secured within _ inches of the outlet box and at
intervals of not more than feet. B
a. 8,2
b. 10, 2
c. 12, 3
d. 12, 44



PERFORMANCE OBJECTIVE V-TECS 820 (Continued)

2.

Bends made in type NM cable shall have a radius less than ________ times the
diameter of the cable.

a. four

b. five

c. six

d. seven

To facilitate ease of maintenance, at least _____ inches of free wire should
be left inside each outlet box.

four

five

six

seven

o

oo

Answers:
1.
2.
3.

d
b
c

PRACTICAL APPLICATION:
Rough in type NM cable to a switch circuit using two three way switeches and two
four way switches to control a load device with the feed at a threc way switch.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for V-TECS Guide 80 to determine if the assignment was
completed with at least 80 percent accuracy.

PERFORMANCE GUIDE:

[

Fm‘

P ww

Locate previously installed boxes.

Run feeder cable into three way switch box.

Run three wire cable of proper size from three way switch box to four way
switeh box.

Run three wire cable of proper size from the first four way switeh to the
second four way switeh box.

Run three wire cable of proper size from second four way switch box to the
second three way switch box,

Run two wire cable of proper size from device to the second three way
switch box.

Strip at least six inches of outer jacket from each cable.

Fold conductors back into box.

to
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 80

PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY AND FOUR WAY
SWITCH CIRCUIT

Student's Name - ~ Date

DIRECTIONS TO STUDENT: Rough in a switeh eircuit using type NM cable, two
three way switches and two four way switches to
control a load device with the feed at a three way
switeh.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job with
an 80 percent proficiency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student routed the eable in the most
direet path. e —

2. The student installed correct eables for
the eircuit to operate.

3. The student left at least six inches of
free wire at each eable end. —

4, The student secured the eable to the
boxes using proper connectors. — —

5. The student secured the cable at proper
intervals. —

6. The student cleaned up the work area.

APPROVED: Yes ____ No _

Evaluator's Signature ' ) ' “Date




DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

PERFORMANCE OBJECTIVE V-TECS 81

STANDARD OF PERFORMANCE OF TASK: Wire of correet size must be run
from each door and the transformer to the point where the chime system will be
located. Sufficient length of wire must be left for future connection of door
chime system. Transformer must be approved for the location.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. A door chime unit

2. The basic tool kit

3. Necessary materials.

ENABLING OBJECTIVE(S):
1. Read and interpret residential blueprints.
2. Read and interpret *"e National Electrical Code.
3. Read and interpret cal Code requirements.

RESOURCES:
Mullin. Eleetrical Wiring, Residential, pp. 191-194,
Richter. Practical Electrical Wiring, pp. 356-358.
Mix. Housewiring Simplified, pp. 101-104.

TEACHING ACTIVITIES:
1. Explain the procedure for determining the wire size for the system.
2. Describe the different types of transformers used for the chime system.
3. Demonstrate the method for securing the low voltage wiring with approved
staples.

4, Demonstrate the procedure for routing the low voltage wiring between outlet
boxes.

5. Have the students rough in the door chime wiring using typieal wiring and
building struectures.

CRITERION REFERENCED MEASURE:

Questions:

1. Conductors in a low voltage chime system shall be separated at least _
inches from conductors of any electrie light or power cireuits. )
a.
b.
c.
d.

00 L W bwd



PERFORMANCE OBJECTIVE V-TECS 81 (Continued)

2. Low voltage chime wiring:

a. Must not be installed in the same raceway as power and light
conductors;

b. Must not be installed in outlet boxes containing power and light
conductors;

c. May be stapled along ceiling joists and wall studs;

d. All of the above.

a. 8

b. 12

c. 18

d. 24,

Answers:
1. a
2. d
3. c

PRACTICAL APPLICATION:
Rough in a door chime system using typical electrical materials following Code
requirements.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist for V-TECS 81 to determine if the assignment was completed with
at least 80 percent accuraey.

PERFORMANCE GUIDE:
1. Locate installation point.
2. Install a junction box and mount transfermer.
Run feeder cable to junction box from power source.
4. Run the door bell wire from transformer to echime unit.
5. Run the wire from each push button location to the chime unit location.

220

216




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 81

PRACTICAL EVALUATION FOR THE ROUGH IN OF A DOOR CHIME SYSTEM

S udent's Name - ) - Date

DIRECTIONS TO STUDENT: Rough in a two door chime system using AWG #18
type T bell wire and a door chime kit.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job with

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected the proper wiring for
each wire run.

2. The student routed the wiring using the most
direct route.

staples. e —

4. The student left enough wire at each outlet
box. _

5. The student cleaned up the work area.

APPROVED: Yes _ No

Evaluator's Signafure ) o ~ Date




DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 82
TASK: Rough in eircuit for intercom system.

STANDARD OF PERFORMANCE OF TASK: Cables and rough in kits must be
installed for each loecation in accordance with manufacturer's installation
instructions.

SOURCE OF STANDARD: Tennessee Writing Team.
CONDITIONS FOR PERFORMANCE OF TASK:

1. A layout of system

2. The basie tool kit

3. Installation/electrical materials.

ENABLING GBJECTIVE(S):
1. Read and interpret residential blueprints.
3. Read and interpret local Code requirements.
4, Read and interpret manufacturer's installation instructions.

RESOURCES:
Alerich. Electrical Construction Wiring, pp. 143-145.
Rockis. Residential Wiring, pp. 203-205.
TEACHING ACTIVITIES:
1. Explain the various uses for intercom systems.
2. Explain the procedure for determining the number of conductors in each run
of cable.
3. Demonstrate the routing of the cable in relation to other circuit conductors.
4, Demonstrate the methods of supporting the cable for each run.
5. Have the students install an intercom system using typical intercom
components.

CRITERION REFERENCED MEASURE:
Questions:
1. Conductors in an intercom system shall be separated at least _____ inches
from conductors of any electrie light or power eircuit. )
a. 2
b.
c.
d.
Low voltage communication wiring:
a. Must not be installed in the same raceway as power and light
conduectors; )
b. Must not be installed in outlet boxes containing power and light
conductors; :
c. May be supported along ceiling joists and wall studs;
d. All of the above.

e R TN
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PERFORMANCE OBJECTIVE V-TECS 82 (Continued)

3. Conduetors for intercom systems are usually AWG Number:
a. 8
b. 12
c. 18
d. 24.
Answers:
1. a
2. d
3. c

PERFORMANCE GUIDE:
1. Kead manufacturer's installation instructions.
2. Run a power cable to master station.
3. Attach rough in kits to building structure.
4. Run required size cable(s) from master station to each remote station.

o
Do
w
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 83
TASK: Rough in line voltage thermostat wiring.

STAHDARD OF PERFORMANCE OF TASK: The wiring must have sufficient
,,,,, mpacity to serve its intended purpose and must terminate in an approved outlet
box. The line voltage thermostat wiring must meet the requirements as outlined
by the National Electrical Code (Article 300, Part A) and the local authority
having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electriecal Code, pp. 113-122.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Qutlet box for thermostat

2. The basie toel kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):

1. Read and interpret residential blueprints.

2. Read and interpret the National Electrical Code.

3. Read and interpret local Code requirements.
RESOURCES:

Colvin. Electrical Wiring, pp. 55-67.
Rockis. Residential Wiring, pp. 79-94.

TEACHING ACTIVITIES:
1. Explain the procedure for determining the size of cable needed for the load.
2. Demonstrate the routing of the cable through a typical wall structure.
3. Demonstrate the support necessary for the different cable runs.
4. Demonstrate the method of securing the cable to the outlet box.
5. Demonstrate the procedure for stripping the outer covering from the cable in
the outlet box.
6. Have the students install the cable runs for a line voltage thermostat.

CRITERION REFERENCED MEASURE:
Questions:
1. Nonmetallic cabie must be secured within _____ inches of the outlet box and
at intervals of not more than _______ feet.

a. 8, 2
b. 10, 2
c. 12, 3
d. 12, 4%



PERFORMANCE OBJECTIVE V-TECS 83 (Continued)

2. Bends made in nonmetallic cable shall have a radius less than = times
the diameter of the cable.
a. four
b. five
c. six
d. seven
3. To facilitate ease of maintenance, at least  inches of free wire should
be left inside each outlet box.
a. four
b. five
c. six
d. seven

PRACTICAL APPLICATION:
Rough in the line voltage thermostat wiring using nonmetallic sheathed cable and
typical outlet boxes.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use Checklist for V-TECS 83 to determine if the assignment was completed with
at least 80 percent accuracy.

PERFORMANCE GUIDE:
1. Run correct size cable from serviee panel to outlet box.
2. Attach cable to outlet box at thermostat location.
3. Pull cable from thermostat location to loeation of device being controlled.
4, Strip at least six inches of outer jacket from each ecable.
5. Attach cable in outlet boxes using approved connectors.
6. Attach cable to building struecture at required intervals.
7. Fold econductors back into box.

o D
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 83

PRACTICAL EVALUATION FOR ROUGHING IN A LINE VOLTAGE THERMOSTAT

CIRCUIT
Student's Name ~ ~ Date 7777
DIRECTIONS TO STUDENT: Rough in a line voltage thermostat ecircuit using

nonmetallic cable and metal outlet boxes.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the tssk is completed within
a reasonable time as would be required on the job with
an 80 percent proficienecy.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student routed the cable in the most

direet path. — —
2. The student secured the cable at proper

intervals. _
3. The student secured the cable to the

outlet box using approved connectors. _
4. The student removed sufficient outer

covering at each outlet box. -
5. The student installed enough eonduectors

in each box for circuit to operate. _
6. The student cleaned up the work area. _
7. The student followed safety precautions. _ -

APPROVED: Yes No
Evaluator's Signature - Date )

by
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 84
TASK: Rough in low-voltage thermostat wiring.

STANDARD OF PERFORMANCE OF TASK: The wiring must have sufficient
number of conductors in the cable to control the device being served. The rough
in circuits for low-voltage thermostat wiring must meet the requirements as
outlined by the National Electrical Code (Article 725, Part C) and the loeal
authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleectrical Code, pp. 602-607.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Thermostat wire
2. The basic tool kit
3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Resd and interpret residential blueprints.
2. Read and interpret the National Electrical Code.

3. Read and interpret local Code requirements.
4, Read and interpret manufaeturer's installation instructions.
RESOURCES:

Alerich. Eiectrieal Construction Wir 7

n Wiring, pp. 143-145.
Rockis. Residential Wiring, pp. 203-205.

TEACHING ACTIVITIES:

1. Explain the various types of cable useﬂ for low-voltage wiring.

2. Explain the procedure for determining the number of conductors in each run
of eable.

3. Demonstrate the routing of the eable in relation to other circuit conductors.

4, Demonstrate the methods of supporting the cable for each run.

5. Have the students install the low-voltage thermostat wiring using a typical

thermostat installation kit.

CRITERION REFERENCED MEASURE:

Questions:

1. Conductors in a low-voltage thermostat system shall be separated at least
_inches from conductors of any electrie light or power circuit.

a.
b.
c.
d.

o O e \M‘



PERFORMANCE OBJECTIVE V-TECS 84 (Continued)

2. Low-voltage thermostat wiring:
a. Must not be installed in the same raceway as power and light
conductors;

b. Must not be installed in outlet boxes containing power and light

conductors;
c. May be supported along eeiling joists and wall studs;
d. All of the above.
3. Conductors for low-voltage thermostat wiring is usually AWG number:

4. ]
b. 12
c. 18
d. 24

Answers:

1. a

2. d

3. c

PERFORMANCE GUIDE:

1. Read manufacturer's installation instruections.
2. Locate installation point of thermostat.
3. Run low-voltage wire from the equipment to the make up point

thermostat location.

of



DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFOEMANCE OBJECTIVE V-TECS 85
TASK: Install nonmetallic eable in outlet boxes.

STANDARD OF PERFORMANCE OF TASK: Cable must be secured so as not to
damage insulation. Cables must be installed according to type of outlet boxes
(plastic or metal) being utilized and must have six inches of frese wire for
connections in the box. The cable must meet the requirements as outlined by the
National Electrical Code (Article 336-5-10 and Article 300-14) and the loecal
authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrical Code, pp. 117, 185-186.

CONDITIONS FOR PERFORMANCE OF TASK:
1. The basic tool kit
2. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.

RESOURCES:
Rockis. Residential Wiring, pp. 83-84, 92-94.

TEACHING ACTIVITIES:
1. Explain the various types of outlet boxes and their typiecal uses.
2. Describe the different types of metal boxes using examples of each.
3. Describe the different types of nonmetallic boxes using examples of each.
4, Demonstrate the procedure for securing the cable in metal and nonmetallic
boxes.
5. Have the students install nonmetallic eable in a metal and nonmetallic box
using type NM cable.

CRITERION REFERENCED MEASURE:

1. If a plastic outlet box without internal elamps is used, the cable must be
secured within ______ inches of the box.

a. 6
b. 8
c. 10
d. 12

o]
M

If a metal outlet box with clamps is used, tighten the clamp:

a. As tight as possible on the cable;

b. As tight as possible, then baek off 1/2 turn;

c. So as to secure the cable but not damage the outer sheathing;
d. To 150 inch-pounds.




PERFORMANCE OBJECTIVE V-TECS 85 (Continued)

3. To facilitate ease of maintenanee, at least _____ inehes of free wire should
be left inside each box.
a. four
b. five
c. six
d. seven

Answers:
1. b
2. e
3. c

PRACTICAL APPLICATION:
Install a nonmetallie eable in a metal outlet box using Romex cable econnectors.
METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for V-TECS Guide 85 to determine if the assignment was
completed with at least 80 percent accuracy.

PERFORMANCE GUIDE:
1. Remove one knockout from the outlet box for each cable entering the box.
2. Extend the cable into the outlet box six inches.
a. If the outlet box is metal, tighten clamp on cable.
b. If the outlet box is plastie, attach cable to building structure within 8
inches.

5 o
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 85

PRACTICAL EVALUATION FOR INSTALLING TYPE NM IN AN OUTLET BOX

Student's Name ‘Date
DIRECTIONS TO STUDENT: Install a nonmetalliec cable in a device box with 1/2
inch knockouts using romex cable conneetors.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is qgompleted within
a reasonable time as would be required on the job with
an 80 percent proficiency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfaetory

1. The student removed the correet knockout. ] o

2. The student installed the cable connector

securely. . I

3. The student secured the cable in the elamp
without damage to the insulation. e

4, The student left at least zix inches of
free wire in the device box. - I

5. The student folded the free wire back
into the box. . —

6. The student cleaned up the work area. _

7. The student followed safety procedures. . -

APPROVED: Yes ___ No

Evaluator's Signature - T Date




DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

PERFORMANCE OBJECTIVE V-TECS 86

TASK: Rough in duplex receptacles cireuit with two three way switches
controlling one half of each of two duplex receptacles.

STANDARD OF PERFORMANCE OF TASK: Sufficient conductors must be
installed at each box for the circuit to function. The ecircuit must meet the
requirements as outlined by the National Eleetriecal Code (Article 300-14, 380, and
300-4) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 114, 238-241.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
2.

The basic tool kit
Installation/electrical materials.

ENABLING OBJECTIVE(S):

1.
zi

Read and interpret the National Electrical Code.
Read and interpret local Code requirements.

RESOURCES:
Richter. Practical Electrical Wiring, pp. 226-330.
Colvin. Electrical Wiring, pp. 84-86, 103-105.

TEACHING ACTIVITIES:

1.
25

3.
4.

5.
6.

Explain the procedure for determining the cable ampacity for the cireuit.
Demonstrate the procedure for wiring a split duplex receptacle using two and

Demonstrate the routing and securing of the nonmetallic cable in a typieal
wall structure.

cable to the outlet boxes.

Demonstrate the procedure for preparing the cable ends at the outlet boxes.
Have the students install two and three conductor nonmetallic cable in the
outlet boxes for three way switch control of two split duplex receptacles.

CRITERION REFERENCED MEASURE:
Questions:

lﬁ

Nonmetallic cable shall be supported within _______ inches of a device box
and at intervals of not more than _____ feet,

a. 8,2 '

b. 10, 2

c. 12, 3

d. 12, 4%



PERFORMANCE OBJECTIVE V-TECS 86 (Continued)

2. Bends made in nonmetallic cable shall have a radius less than ____ times
the diameter of the cable.
a. four

b. five
c. six
d. seven

3. To facilitate ease of maintenance, at least  inches of free wire should
be left in each outlet box.
a. four
b. five
c. six
d. seven

Answers:

1. d

2. b

3. c

PRACTICAL APPLICATION:
Rough in a duplex receptacle circuit with two three way switches controlling the
lower half of two duplex receptacles.

Use Checklist for V-TECS 86 to determine if the assignment was completed with
at least 80 percent accuracy.

PERFORMANCE GUIDE:

1. Locate previously installed boxes.

2. Run a power source into one three way switeh box.

3. Run a three wire cable of correct size between the three way switch boxes.

4 Run a two wire cable from the other receptacle box to one three way switeh
box.

5. Run a wire cable between the two receptacle boxes.

6. Strip at least six inches of outer jacket from each cable.

7. Attach cable in outlet boxes using approved connectors.

8. Attach cable to building structure at required intervals.
CAUTION: The tabs must be removed from the duplex receptacles.

9. Fold conduetors back into box.

o
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 86

PRACTICAL EVALUATION FOR RCUGHING IN A THREE WAY

SWITCH CONTROLLED SPLIT RECEPTACLE CIRCUIT

Student's Name ' - DATE

DIRECTIONS TO STUDENT: Rough in a duplex receptacle circuit using two three
way switches to control the lower half of two duplex
receptacles.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items

a reasonable time as would be required on the job with
an 80 percent proficiency. )

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student routed the cable in the most

direct path. . e
2. The student secured the cable at proper

intervals. e .
3. The student secured the cable to the outlet

box using approved conhectors. e
4, The student removed sufficient outer covering

at each outlet box.
5. The student installed enough conductors in

each box for eircuit to operate. _ o .
6. The student cleaned up the work area. e
7. The student followed safety procedures.

APPROVED: Yes__ No___
Evaluator's Signature — Date

234
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AN} CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 87

TASK: Rough in cables for single pole switeh controlling one or more lights or
devices with feed to switeh box.

STANDARD OF PERFORMANCE OF TASK: Six inches of free wire must be left
at each box. The rough in of eables must meet the requirements as outlined by the
National Eleectrical Code (Article 300-4, 300-14 and 380) and the local authority
having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 114, 117, 238-241.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Previously installed outlet boxes

2. The basic tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S);
1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.

RESOURCES:
Kubala. Eleetricity 1, pp. 92-93.
Rockis. Residential Wiring, pp. 83-94.

TEACHING ACTIVITIES:
1. Explain the procedure for determining the cable size for the eircuit.
Describe the type of cable to be used for the various runs in the cireuit.
Demonstrate the routing and securing of the ecable using a typieal building
strueture.
4, Demonstrate the procedure for securing the cable to the outlet boxes using
the various types of clamps and connectors.
5. Demonstrate the procedure for preparing the cable ends at the outlet boxes.
6. Have the students rough in the cable for a single pole switeh eircuit.

[T ]

CRITERION REFERENCED MEASURE:
Questions:
1. When drilling holes in the wall studs to rough in nonmetallic cable, the hole
must not be less than _______ inches from the edge of the wall stud.
a. 1
b. 1%
c. 1%
d. 2

m
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2. If the outlet box is nonmetallic and has no internal clamps, the nonmetallic
cable should be secured within _ inches of the box.
a. four
b. six
c. eight
d. ten
3. To facilitate ease of maintenance, at least _______ inches of free wire should
be left inside each outlet box.
a. six
b. eight
c. ten
d. twelve
Answers:
1. b
2. c
3. a

PRACTICAL APPLICATION:
Rough in the nonmetalliec eable for a single pole switech eircuit controlling one or
more load devices with the source at the switeh box.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for V-TECS Guide 87 to determine if the assignment was
completed with at least 80 percent accuracy.

PERFORMANCE GUIDE;:

1.
2.
3.
4.

Locate previously installed boxes.

Run cable from power source to box for switch.

Run cable from switch box to first light/device outlet box.

If more than one light/device is to be controlled by this switch, run eable
from first outlet box to second and succeeding outlet boxes.

Strip at least six inches of outer jacket from each cable.

Attach cable in outlet boxes using approved connectors.

Attach eable to building structure at required intervals.

Fold conductors back into box.

236
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CHECKLI!ST FOR PERFORMANCE OBJECTIVE V-TECS 87

PRACTICAL EVALUATION FOR ROUGHING IN A SINGLE
POLE SWITCH CIRCUIT

Student's Name - - - Date

e switeh eireuit using type NM

t)IRECTIDNS TO STUDENT: Rough in a single pol
r source at the switeh box.

cable with the power

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job with
an 80 percent proficiency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student routed the cable in the most direct
path. —
2. The student secured the cable at proper inter-
vals. e

3. The student secured the cable to the outlet
box using approved connectors. —

4, The student removed sufficient outer sheathing
at each outlet box. -

5. The student installed enough conductors in
each box for cireuit to operate. . e

6. The student cleaned up the work area. e

7. The student followed safety procedures. _ _ .

APPROVED: Yes __ No_

Evaluator's Signature

Date



DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 88

TASK: Rough in cables for single pole switech controlling one or more
lights/devices with feed to light/device box.

STANDARD OF PERFORMANCE OF TASK: Six inches of free wire must be left
at each box. The cables must meet the requirements as outlined by the National
Electrical Code (Article 300-4, 300-14, 380, and 336-5) and the local authority
having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 114, 117, 185, 238-241.

CONDITIONS FOR PERFORMANCE OF TASBK:
1. Previously installed outlet boxes

2. The basie tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Read and interpret the National Electrical Code.
2. Read and interpret local Code requirements.
3, Read and interpret residential blueprints.

RESOURCES:
Kubala. Electricity 1, pp. 92-93.
Rockis. Residential Wiring, pp. 83-94.

TEACHING ACTIVITIES:

1. Explain the procedure for determining the cable size for the ecircuit.

2. Describe the type of cable to be used for the varicus runs in the circuit.

3. Demonstrate the routing and securing of the cable using a typical building
structure.

4, Demonstrate the procedure for securing the cable to the outlet boxes using
the various types of elamps and connectors.

9. Demonstrate the procedure for preparing the cable ends at the outlet boxes.

6. Have the students rough in the cable for a single pole switch circuit.

CRITERION REFERENCED MEASURE:

Questions:

1. When drilling holes in the wall studs to rough in nonmetallic cable, the edge
of the hole must be not less than inches from the edge of the wall
stud.
a.

b.
c.
d.

Hor s




PERFORMANCE OBJECTIVE V-TECS 88 (Continued)

2.

If the outlet box is nonmetallic and has no internal clamps, the nonmetallic
cable should be secured within inches of the box.

a. four

b. 5ix

c. eight

d. ten

To facilitate ease of maintenance, at least _inches of free wire should
be left inside each outlet box.

a. six

b. eight

c. ten

d. twelve

Answers:

1.
:2,5
3§

b

¢
a

PRACTICAL APPLICATION:
Rough in the nonmetallic eable for a single pole switeh circuit controlling one or
more lights with the source at the light boxes.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for V-TECS Guide 88 to determine if the assignment was
completed with at least 80 percent accuracy.

PERFORMANCE GUIDE:

1.
2.
3.
4,

Locate previously installed boxes.

Run feeder cable from power source to first light/device box.

Run eable from first light/deviee box to box at switeh location.

If more than one light/device is to be controlled by this switch, extend cable
from first light/device box to second and succeeding outlet boxes.

Strip at least six inches of outer jacket from each cable.

Attach cable in outlet boxes using approved connectors.

Attach cable to building structure at required intervals.

Fold conductors back into box.

Do
o



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 88

PRACTICAL EVALUATION FOR ROUGHING IN A SINGLE
POLE SWITCH CIRCUIT

Student's Name Date
DIRECTIONS TO STUDENT: Rough in a single pole switeh cireuit using type NM
cable with the power source at the light box.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job with
an 80 percent proficieney.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student routed the eable in the most direct
path. — .

2. The student secured the cable at proper
intervals. ,,,

3. The student secured the cable to the outlet
boxes using approved connectors. - o

4, The student removed sufficient ocuter
sheathing at each outlet box.

5. The student installed enough conductors
in each box for circuit to operate. —_— _

6. The student cleaned up the work area. . R

7. The student followed safety procedures. e -

APPROVED: Yes _____ No _

Evaluator's Signature

240

236




DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 89

TASK: Rough in a eircuit for a single pole switch controlling three lights or
devices with feed to the end light device box.

STANDARD OF PERFORMANCE OF TASK: The cable must extend from the
power source to the last light or device box. The cable must be of the required
size and type for the load being served. At least six inches of free conductors
must be left at each outlet box and switech boxes. The cireuit must meet the
requirements as outlined by the National Electrical Code (Article 300-4, 300-14,
380, 336-5) and the local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 114, 117, 185, 238-241.

1. Previously installed outlet boxes
2. Installation/electrieal materials
3. The basic tool kit.

ENABLING OBJECTIVE(S):
1. Read and interpret residential blueprints.
2. Read and interpret the National Electrical Code.
3. Read and interpret local Code requirements.

RESOURCES:
Kubala. Electrieity I, pp. 92-93.
Rockis. Residential Wiring, pp. 83-94.

TEACHING ACTIVITIES:
1. Explain the procedure for determining the cable size for the cirecuit.
2. Describe the type of cable to be used for the various runs of cable in the
cireuit.
3. Demonstrate the routing and securing of the cable using a typiecal building
structure.
4. Demonstrate the procedure for securing the cable to the outlet boxes using
the various types of elamps and connectors.
5. Demonstrate the procedure for preparing the cable ends at the outlet boxes.
6. Have the students rough in the cable for a single pole switeh circuit
controlling three lights, power source at the last light.

CRITERION REFERENCED MEASURE:

Questions:

1. When drilling holes in the wall studs to rough in nonmetsllic cable, the edge
of the hole must not be less than ___ inches from the edge of the wall
stud. -

a. 1
b. 1%
c. 1%
d. 2
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PERFORMANCE OBJECTIVE V-TECS 89 (Continued)

2,

If the outlet box is nonmetallic and has no internal clamps, the nonmetallic
cable should be secured within inches of the box.

a. four

b. six

. eight

d. ten

To facilitate ease of maintenance, at least ______ inches of free wire should
be left inside each outlet box. '

a. six

b. eight

c. ten

d. twelve

']

Answers:

1.
2.
3.

b
c
b

PRACTICAL APPLICATION:
Rough in a single pole switch circuit controlling three lights with the power source
at the last light box.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for V-TECS Guide 89 to determine if the assignment was
completed with at least 80 percent accuracy.

PERFORMANCE GUIDE:

Ll

L= s B R

Locate previously installed outlet boxes.

Run a feed cable from the power source to the last light/fixture device box.
Run a three wire cable from one light device box to the other light box.
Repeat step 3 until all light or device boxes are connected together with
three wire cable.

Run a two wire cable to the switch box from the last light or device in a
series.

Strip at least six inches of outer jacket from each cable.

Attach ecable in outlet boxes using approved connectors.

Attach cable to building structure at required intervals.

Fold conduetors back into box.
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CHECELIST FOR PERFORMANCE OBJECTIVE V-TECS 89

PRACTICAL EVALUATION FOR ROUGHING IN A SINGLE
POLE SWITCH CIRCUIT

Student's Name - Date

UDENT: Using nonmetallic eable and existing outlet boxes;
rough in a single pole switeh eirecuit to control three
lights with the power source at the last light box.

DIRECTIONS TO ST

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. Be sure the task is completed within
a reasonable time as would be required on the job with
an 80 percent proficiency.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student routed the cable in the most
direct path. e

2. The student secured the cable at proper
intervals. - o

3. The student secured the cable to the outlet
boxes using approved connectors.

4. The student removed sufficient outer sheath-

ing at each outlet box. o
5. The student installed enough conduectors in

each box for circuit to operate. e
6. The student cleaned up the work area. — .

7. The student followed safety procedures. . I

APPROVED: Yes _____ No __

Evaluator's Signature ) — Date




DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 90
TASK: Rough in a cireuit for a split eircuit duplex receptacle.

STANDARD OF PERFORMANCE OF TASK: The rough in ecireuit for a split
circuit duplex receptacle must meet the requirements as outlined by the National
Electrical Code (Article 210-4, 210-6, Subsection C, 1 and 2) and the local
authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrieal Code, pp- 28-30.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Previously installed receptacle box
2. The basie tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the construction of a duplex receptacle.
2. Determine the proper tools and materials to he used.
3. Identify the principles of the eleetrical circuit operation.
4, Determine the process for installing a new cable.
5. Identify the National Electriecal Code requirements applying to the
installation of split wired duplex grounding receptacles.
RESOURCES:
Foley. Electrical Wiring Fundamentals, pp. 213-216.
National Electrical Code, 1981. Article 210-4,6.

TEACHING ACTIVITIES:
1. Discuss the terms associated with receptacle outlets.
Identify the parts of a duplex grounding type receptacle.
. Have the students read Electrical Wiring Fundamentals, pp. 213-216.
Discuss articles 210-4 and 210-6 of the National Electrical Code.
Have the students draw a schematic diagram of a split wired duplex
grounding type receptacle.

N e L

CRITERION REFERENCED MEASURE:
Questions:
1. What type of cireuit is a split wired outlet classified by the National
Electrical Code?
What is meant by the ungrounded conductor?
What must be done to prrvent a short eireuit when wiring a split wired
duplex receptacle?
4. How does the National Electrical Code require a split wired duplex
receptacle be disconnected?
5. How many conductors will a split wired duplex receptacle have attached to
its terminals?

o Ibwai
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PERFOR*ANCE OBJECTIVE V-TECS 90 (Continued)

nswers:
A "multiwire" branch cireuit
The "hot" conductor that is fuse protected
The tie bar fin must be broken off on the ungrounded side terminals.
Both sides of a split wired duplex receptacle must close simultaneously by a
z-pole eircuit breaker or by two single pole circuit breakers with a handle
tie.

9. Three

Ll e e

PERFORMANCE GUIDE:

1. Locate previously installed wall box.
Run three wire cable from the power source to the wall box.
Strip at least six inches of outer jacket from each eable.
Attach eable in outlet boxes using approved connectors.
. Attach cable to building structure at required intervals.
Fold conductors back into box.

[ RS WO .
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 91

TASK: Rough in circuit for two three way switches controlling one device using
conduit and 4" square boxes with plaster rings.

STANDARD OF PERFORMANCE OF TASK: The plaster ring must be flush with
the interior wall finish. Approximately six inches of free conductor must be left
at each outlet or switch box. The circuit must meet the requirements as outlined
by the WNational Electrical Code (Article 300-4, 314, and 336-3) and the local
authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 114, 117, 185.

CONDITIONS FOR PERFORMANCE OF TASK:

1. A predetermined size and type conduit and fittings
2. The loeation of the device

3. Power source to the device box

4, The basic tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify the constriction of a three way switeh.
2. Determine the proper tools and materials to be used.
3. Identify the principles of wiring a three way switeh controlled circuit.
4, Determine the process for the installation of conduit.
5. Identify the National Eleetrical Code requirements applying to the
installation of wiring.

RESOURCES:
Alerich. Eleectrical Construction Wiring, pp. 115-120.
National Electrical Code, 1984. Articles 300-4, 300-14 and 336-5.

TEACHING ACTIVITIES:

1. Discuss the terms associated with switching situations.

2. Identify the parts of a three way switeh.

3. Have the students read Eleetrical Construction Wiring, pp. 115-120.

4, Discuss Articles 300-4, 300-14 and 336-5 of the National Electrical Code.

5. Have the students draw a schematic diagram of two three way switches
controlling a single device.

6. Demonstrate the procedure for identifying common terminal on a three way
switch.

7. Demonstrate the installation and connection of conduit to structure.
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PERPORMANCE OBJECTIVE V-TECS 91 (Continued)

CRITERION REFERENCED MEASURE:
Questions:

1. The National Electrical Code requires how many inches of free conductor

left at each outlet or switeh?
a. 4 inches
b. 6 inches
c. 5 inches
d. 8 inches
2. Where subject to physical damage, conduetors shall be:
a. Installed higher than 5 feet
b. Of rigid conduit only
c. Not installed
d. Adequately protected.
3. The two wires that go from three way to three way are called:
a. Switeh legs
b. Connectors
c. Travelers
d. Suppliers.

Answers:
1. b
2. d
3. c

PERFORMANCE GUIDE:

Install four inch boxes with plaster rings.

Install conduit between four inch square boxes.

. Install conduit from one four inch square box to the device box.
Attach conduit to all bexes with approved devices.

Install eonduit bushings if needed.

Attach eonduit to structure.

Pull three wires in conduit between four inch boxes.

Pull two wires in conduit between device box and switeh box.
Fold conductors back into box.

00030 B DD
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 92
TASK: Install conduit underground.

STANDARD OF PERFORMANCE OF TASK: The conduit to be installed must be
of materials acceptably resistant to moisture and corrosive agents. The conduit
must be identified for the applications for which it is to be installed. The
installation of the conduit must meet the requirements as outlined by the National
Electrical Code (Article 300-5, Table 300-5) and by the local authority having

jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrical Code, pp. 114-115.

CONDITIONS FOR PERFORMANCE OF TASK:
1. The basic tool kit
2. Installation/electrical materials.
ENABLING OBJECTIVE(S):
Identify conduit that is acceptable for underground use.
Determine the proper tools and materials to be used.
. Identify the requirements by the National Electrical Code for underground
conduit installations.

L= v ]

RESOURCES:
Alerich. Eleetrical Construetion Wiring, pp. 259-260.
National Electrical Code, 1981. Article 300-5.

TEACHING ACTIVITIES:
1. Show students various types of underground conduit.
2. Review the different types of accessories that are available with conduit.
3. Discuss the potential hazards of installing underground conduit.
4, Have the students read National Electrical Code, Article 300-5.
5. Have the students dig a trench to a set depth.

CRITERION REFERENCED MEASURE:
Questions: :
1. What is the minimum burial depth for installing rigid metal conduit?
2. PVC iz a rigid nonmetallie conduit sometimes used underground, what does it
stand for?
3. Why is it desirable to plan your layout of eonduit run, before it is dug?

Answers:

1. Six inches

2. Polyvinyl chloride

3. To save time and effort.
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PERFORMANCE OBJECTIVE V-TECS 92 (Continued)

PERFORMANCE GUIDE:
1. Locate installation point.
2. Open trench for conduit to a depth no less than the minimum requirements of
the National Eleetrical Code or loecal power system having jurisdiction.
3. Install econduit in open trench.
4. Install all bushings.
5. Fill trench.
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

TASBK: Rough in direct burial cable.

STANDARD OF PERFORMANCE OF TASK: The cable must be manufactured for
direct burial and must be of the correct size and type for the load being served.
The rough in of the direct burial eable must meet the requirements as outlined by
the National Electrical Code (Article 300-5, Table 300-5) and the loecal authority
having jurisdiction.

SOURCE OF STANDARD:

Tennessee Writing Team.

National Electrical Code, pp. 114-115.
CONDITIONS FOR PERFORMANCE OF TASK:
1. The basic tool kit

2. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Identify terminology used with U.F. Cable.
2. Determine the proper tools used and materials to be used.
3. Interpret blueprints and manufacturer's instructions.

4. Recall techniques for burying a U.F. Cable.
5. Read and interpret the National Electrical Code.

RESOURCES:
Mullin, Eleetrieal Wiring Residential, pp. 77-80.
Alerich, Eleetrical Construction Wiring, pp. 86-87.
National Electrical Code, 1981, Article 230.

TEACHING ACTIVITIES:
1. Instruet students to read The National Electrieal *‘?*‘Qde, Articles 230-49,
Electrical Wiring Residential, pp. 77-80, and Electr*¢#’ Construction Wiring,
Qpi 85‘8‘7: e

2. Discuss different usage of U.F. Cable.
3. Identify different types of direct burial cable.
4, Demonstrate the procedures used when burying a cable.
5. Have the students discuss why depths are important.
CRITERION REFERENCED MEASURE:
Questions:
1. How may a direct burial cable be used?
a. Service entrance
b. Grounding devices
c. Landscape
d. Commercial garages.




PERFORMANCE OBJECTIVE V-TECS 93 (Continued)

2.

U.F. Cable must be buried ____ _ deep when protected with 2" concrete
pad. ' ’

a. 18"

b. 6"

c. 24"

d. 12

What article of the National Electrical code eovers question 27
a. 230

b. 300

c. 400

d. 700

Answers:

1.
2.
35

c
d
b

PRACTICAL APPLICATION:
Install a yard light using direet burial eable. The cable must be of correct
amperage and type. The cable must be buried at least 18 inches.

METHODS OF EVALUATING PRACTICAL APPLICATION:
Use Checklist Performance Objective 93 to determine if the task was completed
within a reasonable time limit and with a 90 percent proficiency.

PERFORMANCE GUIDE:

Locate installation point.

Open trench for cable to a depth no less than the minimum requirements of
the National Electrical Code and local power system having jurisdiction.
Install eonduit with required bushings where cable enters and leaves trench.
connections.

Fill trench.



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 93 EVALUATION

PERFORMANCE TEST FOR INSTALLATION OF DIRECT BURIAL CABLE

Student's Name o T Date

DIRECTIONS TO STUDENT: Using tools and materials furnished open the trench
and rough in a direct burial eable.

DIRECTIONS TO EVALUATOR: The instructor will observe that safety procedures are
followed. The task is to be completed in reasonable
time limit with 90 percent proficienay.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. The student selected proper materials. . —

2. The student used safety precautions. - o

3. The student demonstrated two methods for

*5. The student secured the U.F. Cable. - _

*6. The student found the proper location for
mounting U.F. Cable. R -

*7. The student mounted the direct burial cable
and prepared for connection. ] _

8. The student finished the task within a
reasonable amount of time. . ,,

9. The student completed the task ina
workmanship like manner. - —

10. The student dismantled the project and re-
turned the materials to their proper places. . _

*Required for competeney

APPROVED: Yes ___ No

Evaluator's Signature o Date



DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 94
TASK: Make joint using erimp type connectors (splices).

STANDARD OF PERFORMANCE OF TASK: The joint must be made using
appropriate tool to assure required mechaniecal strength. Insulation applied to
joint must be equivalent to insulation rating of conductor. Connecting device
must be approved for application. The joint must meet the requirements as
outlined by the National Electrical Code (Article 110-14) and the loecal authority
having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleectrical Code, pp. 18-19.

CONDITIONS FOR PERFORMANCE OF TASK:
1. The basic tool kit
2. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use appropriate electrical tools for the task.
2. Read and interpret the National Electrical Code.
RESOURCES:
Buban, et al. Understanding Electricity and Electronies, pp. 287-288.
National Electrical Code, 1981, pp. 70-20.

TEACHING ACTIVITIES:
1. Show how to strip insulation from conductors.
2. Identify conductors that are to be grouped together.
3. Demonstrate how to install erimp and use erimping tool.
4, Explain how to check conductors for proper connections.
5. Demonstrate how to properly insulate conductors.

CRITERION REFERENCED MEASURE:

Questions:

1. Arrange the following steps in the correct sequence for properly crimping
conductors together.
a. Cut wires to length.
b. Place metal sleeve connector over wires and cerimp.
c. Strip wires and twist together.
d. Place insulation over sleeve.

2. The length insulation that should be removed from a conductor for crimping
15:
a. 174"
b. 1/2"
c. 3/4"
d. 1",




PERFORMANCE OBJECTIVE V-TECS 94 (Continued)

3. The joint must meet the requirements as outlined by the

Answers:
1. cbad
2. c

3. National Electrical Code (Article 110-14)

PERFORMANCE GUIDE:
1. Remove approximately 3/4's inch of insulation from each conductor.
2. Group conductors together and insert wires into connector.
3. Using correct erimp tool, apply pressure to make connection.
4, Remove erimp tool and cut off excess wire outside erimp.
5. Check each conductor by pulling on it to be sure the joint is mechanically
strong.
6. Tape or otherwise insulate connection to withstand applied voltage.

254,




TASK: Make pigtail splice (joint).

STANDARD OF PERFORMANCE OF TASK: Splice must be mechanically strong
and insulated electrically to withstand applied voltage. The splice must meet the
requirements as outlined by the National Electrical Code (Article 110-14) and the
loeal authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrical Code, pp. 18-19.
CONDITIONS FOR PERFORMANCE OF TASK:
1. The basic tool kit
2. Installation/electrical materials.
ENABLING OBJECTIVE(S):
1. Select and use appropriate tools for the task.
2. Read and interpret the National Electrical Code.

RESOURCES:
Richter, Practical Electrical Wiring, pp. 116-123.
National Electrical Code, 1984, pp. 70-20,

TEACHING ACTIVITIES:
1. Show how to remove insulation from the conduetor.
2. Demonstrate how to twist the conduectors together.
3. Explain soldering techniques to be used.

4, Demonstrate how to solder conductors together.

5. Explain how to properly insulate conductors.

6. Discuss other methods of splicing conductors.

CRITERION REFERENCED MEASURE:
Questions:

1. Arrange the following steps in the correct sequence for making a pigtail
splice:
a. Twist conductors together
b. Remove insulation from conductor
c. Clean and solder conductors
d. Insulate conductors.

conductors together is:

a. 1/2"
b. 1

c. 11/2"
d. 2n.,
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PERFORMANCE OBJECTIVE V-TECS 95 (Continud)

3. The splice must meet the requirementssoutlinec by the _ -

Answers:
1. bacd
2. b
3. National Electrical Code (Article 110-1)
PERFORMANCE GUIDE: 7
1. Remove approximately one inch of jnsulition fromn each conduector.
2. Cross the ends.
3. Hold the wires together and twist for 6u8 turns.
4. Double ends back with pliers so that Insilition wilE 1 not be punctured.
5. Solder the tip of the splice.
6. Insulate wire with approved means.
7. Tape or otherwise insulate connection tiwithstanc applied voltage.
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DIY: ROCIGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PIIFORMA ZINCE OBJECTIVE V-TECS 96

TASK: Make splices using mechanical type connectors (split bolt connectors, s,
and wic—e nuts).

STAND® ARD OF PERFORMANCE OF TASK: The splice(s) must be made to asue
mechar—ieal strength. The splice(s) must be insulated to withstand applied voltge.
The spElices must meet the requirements as outlined by the National Electrial
Code (S rticle 110-14) and the loeal authority having jurisdiction.

SOURCZE OF STANDARD:
Tennes=see Writing Team.
Natione=l Electrical Code, pp. 18-19.

CONDI™TIONS FOR PERFORMANCE OF TASK:
L. TEEe basie tool kit
2. Ire=stallation/electrical materials.

ENILING CDBJ ECTIVE(S):
L, Se=lect and use appropriate electrical tool to perform the task.
% Reead and interpret the National Electrical Code.

RENURCES=
Richter--, Practical Electrical Wiring, pp. 124-127.
Nationz=1 Electrical Code, 1984, pp. 70-20.

TENHING Aw CTIVITIES:

i D3 scuss methods of making splices.

L Shmow how to remove the insulation from the conductor.

3, Exacplain how to select the proper size connector for joining the conductos
to—gether.

4 De=monstrate how to join the conductors together to fasten the connectorto
the=sem.

§. Ex=plain how to properly insulate the conductors.

CRIMRION EXEFERENCED MEASURE:
Questiom=is:
. Ar—range the following steps in the correct sequence for making splices ushg
me=chanieal type connectors.
a. Properly insulate the snliced conduectors.
b. Remove the insulation from the conductor.
c. Align conductors for joining them.
d. Install mechanical connector.
L, Th e length of insulation that should be removed for splicing conduectors usig
me=chanieal type connectors is:
1/2"--3/4"
1"9—1%"
1%"-—2"
2" or more.

e

aa
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PERFORMANCE OBJECTIVE V-TECS 96 (Continued)

3. The splices must meet the requirements as outlineity the —

Answers:

1. beda

2. a

3. National Electrical Code (Article 110-14)

PERFORMANCE GUIDE:
1. Remove 1/2" to 3/4" insulation from each conductnrto be joined .
2. Select the appropriate connectors for the connectinfs) to be macie.
3. Group conductors together and insert wires into comectors.
4. Tighten connector on conductors.
5. Check each conductor by pulling on it to be surethe joint is rmechaniecally
strong.
6. Tape or otherwise insulate connection to withstand ipplied voltagre.

2H8




DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS

PERFORMANCE OBJECTIVE V-TECS 97
TASK: Rough in a single pole switeh eireuit.

STANDARD OF PERFORMANCE OF TASK: Approximately six inches of free
wire must be left at each box for future connections and splices. The eircuit must
meet the requirements as outlined by the National Electrical Code (Article 30¢,
Part A) and the local authority having jurisdietion.

SOURCE OF STANDARD:

Tennessee Writing Team.

National Eleectrical Code, pp. 113-122.
CONDITIONS FOR PERFORMANCE OF TASK:
1. Previously installed box

2. The basic tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Use basic electrical tool kit and materials.
2. Read and interpret the National Eleetrical Code.

RESOURCES:
Mullin, Electrical Wiring (Residential), pp. 37, 44-46.
National Electrical Code, 1984, pp. 119-128.
TEACHING ACTIVITIES:
1. Explain how to determine the size wiring for the circuit.
2. Need circuit schematie to determine number of conductors needed.
3. Show how to drill holes in wall structure to provide path for cable to connect
for fixture to switch box.
4. Demonstrate how to strip outer insulation from conductors and install in

5. Explain metnod of stapling eable from switeh box to light fixture.
6. Explain how to conneet conductors for proper circuit operation.

CRITERION REFERENCED MEASURE:
Questions:
1. The cable must be strapped or stapled not more than inches from a boy
or fitting.
a. 4
b. 8
c. 12 -
d. 16
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PERFORMANCE OBJECTIVE V-1i(§ 97 (Continued)

2. The intervals betweenilraps eor staples must not exceed _feet,
a. 1
b. 21/2
c. 41/2
d. 6

3. Single pole switches i ysec=1 to control one or more lights from __
loeation(s).

Answers:

1. c

2. c

3. a

PRACTICAL APPLICATION:
Rough in a single pole switeltireui™t to National Electrical Code Standard.

METHOD OF EVALUATING PRA(NCAle. APPLICATION:
Use the Checklist for Perfomante= Objective 97 to determine if the assignment
was completed with at least 80 psmercent accuracy.

PERFORMANCE GUIDE:

1?
2?

4.

6.
?C

Locate previously instgled bo—=x.

If power source is t0 teMinate==e at light switch:

a. Run cable of cuorritt siz —e and type from power source to device switeh
location:

b, Run cable of oofeet s.=ize and type from switeh location to device
outlet box.

If power source is to termlnatae in fixture/device box:

a, Run cable of coritet siz e and type from power source to device outlet
box.

b. Run cable Of Quiet si—ze and type from device outlet box to switeh
location. 7

Strip at least six inches!f oute-er jacket from each cable.

Attach cable in outlet bikes U=sing approved connector.

Attach cable to bujldipstruct®= ure at required intervals.

Fold conductors back il boxe=s.



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 97 EVALUATION

PERFORMANCE TEST FOR RCUGHING IN A SINGLE POLE SWITCH CIRCUIT

Student's Name Date

DENT: Rough in a single pole switeh cireuit to National Code
Standard using the checklist below.

DIRECTIONS TO 8T

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Installed correct wiring size and number of
conductors for lighting circuit. o o

2. Stapled cable within 12 inches of the box. . —

3. Removed outer jacket of cable from around
conductors. e ) _

4. Placed 6 inches of conductor into box and
tightened cable clamp. _ —

5. Connected grounding conductor to box properly. o

6. Folded conductors back into box. e

7. Made material list. e —

8. Used tools properly. _ _

9. Cleaned up work area. — ) e

10. Followed all safety procedures. ) 7 B

APPROVED: Yes _____ No _

bl
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS
PERFORMANCE OBJECTIVE V-TECS 98
TASK: Run feeder cable from main service panel to auxiliary panel.

STANDARD OF PERFORMANCE OF TASK: Sufficient cable must be left at each
panel for connections. The cable must he run in the most direct route between
panels. The cables must be attached tc - ‘e panel boxes with approved connectors.
The feeder cable must meet the requicvements as outlined by the National
Electrical Code (Article 300 and 384) and the local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 113-122, 241-246.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Previously installed main service panel and auxiliary panel
2. The basic too!l kit

3. Installation/electrieal materials.

ENABLING OBJECTIVE(S):
1. Select and use electrical tools for the task.
2. Read and interpret blueprint drawings.

RESOURCES:
Mullin, Eleetrical Wiring (Residential), pp. 239, 244,
National Electrical Code, 1984, pp. 119, 264.

TEACHING ACTIVITIES:
1. Discuss National Electrieal Code requirements for auxiliary panels.
2. Explain the loeation requirements for auxiliary panel.
3. Show how to mount panel for surface and flush mounting.
4. Demonstrate how to remove knockout blanks for connectors.
5. Demonstrate how to remove outer jacket of insulation from the cable.
6. Explain National Electrical Code requirements for supporting cable.

CRITERION REFERENCED MEASURE:

Questiong:

1. The maximum number of overcurrent devieces in a panel box is:
a. 20
b. 36
c. 42
d. 60

2. A space of _ . feet or more shall be provided between the top of any
switchboard and any combustible ceiling.
a.
b.
c.
d.
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PERFORMANCE OBJECTIVE V-TECS 98 (Continued)

3. Which of the following statements is not a requirement for auxiliary panels?
a. The neutral bus should be isolated from the grounding bus.
b. A maximum of 42 circuits is permitted for a panel.
e. Feeder cables do not have to be stapled or supported
d. A grounding conductor should be included in the cable to properly
ground the panel.
Answers:
1. c
2. b
3. c

PRACTICAL APPLICATION:
Run a feed cable from the main service panel to auxiliary panel within National

Electrical Code.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 98 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

1.
2.
3.
4.
5.
6.
7.

Lr:u:até iﬁstalla'tign pcint.

Install cable cannectgr tt:l éach panel box.

Strip sufficient outer jackets from each cable ends.
Attach cable to each panel using approved connectors.
Attach cable to building structure at required intervals.
Fold conductors into panel boxes.
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CHECKLIST FOR PERFORMANCE OBJECTIVE 98 EVALUATION

PERFORMANCE TEST FOR RUNNING FEEDER CABLE FROM MAIN SERVICE PANEL
TO AUXILIARY PANEL

Student's Name - o — — Date —
DIRECTIONS TO STUDENT: Run a feeder cable from the main service panel to an

auxiliary panel following the National Electrical Code
using the checklist below.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the tasi
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Selected proper size feeder cable for auxiliary

panel. N
2. Installed correct cable eonnector in main service

panel and auxiliary panel. - -
3. Removed correct length of outer jacket of cable

and install in panel boxes. e
4, Stapled cable for support. . -
5. Cable was run in most direct route from panel to

panel. e -
6. Made a list of materials used. , _
7. Cleaned up work area. o o
8. Followed all safety procedures. — _

APPROVED: Yes _ No
Evaluator's Signature 7: ) “Date —



TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 99
TASK: Install/connect automatie garage door operator.

STANDARD OF PERFORMANCE OF TASK: |If it is a plug-in model, the
receptacle must be conveniently located. The manual low-voltage control must be
installed to control the garage door gperator (open and close).

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Pre-hung automatic garage door operator
2. Power source

3. Previously roughed in wiring

4. The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use :lectrical tools for the task.
2. Read and interpret blueprint drawings.

RESOURCES:

National Electrical Code, 1984, p. 40.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for receptacle installation.
2. Explain the location requirements for garage door outlet boxes.
3. Demonstrate how to cut in outlet box in existing ceiling.
4, Show how to connect receptacle and plate.
5. Discuss control wiring procedures.
8. Show how to connect control wiring.
7. Demonstrate operation of automatic garage door opener.

CRITERION REFERENCED MEASURE:
Questions:
1. The outlet box for a garage door opener should be installed:
a. On the wall and away from the opener;
b. Flush with the ceiling and adjacent to the opener;
c. By the back door for easier access;
d. By using a drop cord for convenience.
2. Control wiring should be:
a. A low voltage type wire;
b. A high voltage type wire;
c. Run in conduit for extra protection;
d. Unnecessary because of remote eontrols being used.
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PERFORMANCE OBJECTIVE V-TECS 99 (Continued)

3.

Most garage door openers are:

a. Remote control and do not need additional wiring;
b. Not UL approved;

c. Equipped with plug-in cords;

d. Too expensive to install and opearate,

Answers:

1.
2?
3.

b
a
e

PERFORMANCE GUID¥:

1.
2?
3.

4,
5.
E§

7.
8@

9.

10.
11.

12.

13.
14.
lsi

Locate power supply and loeation point of receptacle to be installed.

Turn power off,

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Attach outlet box to structure so that it will be flush with finished surface.
Read manufacturer's installation instructions.

Run wire of correet size from outlet box to power source, using approved
method.

Connect receptacle and install trim.

Run control wire of correct size from garage door operator to installation
point of control switch and connect switch.

Connect control wire to door operator per manufacturer's installation
instructions.

If it is a plug-in model, insert cord end into receptacle.

Turn power on.

Remove all objects from under door and close door by pressing manual
switeh.

Test operation of door using local control station.

Test operation of door using radio control unit.

Leave all keys, transmitters, instruetions, etc. with owner.

26 '%he3



DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 100
TASK: Connect deicing equipment.

STANDARD OF PERFORMANCE OF TASK: Wiring methods and connectors must
be suitable for eonditions encountered. Connections must be made in weathertight
enclosures. The connecting of the deicing equipment must meet the Fequirements
as outlined by the National Electrical Code (Article 426) and the loeal authority
having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 302-307.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Power source

2. Unit of deicing equipment previously installed
3. The basieg tool kit

4, Installation/electrical materials.

ENABLING OBJECTIVES:
1. Select and use electrical tools for the task.
2. Read and interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, pp. 329-334.

TEACHING ACTIVITIES:
1. Discuss National Eleetrical Code requirements for deicing equipment
installation.
2. Explain the loeation requirements for deicing equipment.
3. Demonstrate how to lay cable for embedment in masonry or asphalt.
4, Show how to connect wiring for deicing equipment.
5. Discuss control wiring procedures.
6. Demonstrate operation of deicing equipment.

CRITERION REFERENCED MEASURE:

Questions:

1. The factory installed attachment plug of cord connected and plug- connected
equipment rated _____ amperes or less and o volts or less shall be
permitted to be the disconnecting means.

a. 4, 24
b. 20, 150
c. 10, 240
d. 5, 460

oo
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PERFORMANCE OBJECTIVE V-TECS 100 (Continued)

2. The ampacity of branch eircuit conductors and the rating or setting of
overcurrent protective devices supplying fixed outdoor electric deicing and
snow melting equipment shall be not less than _ ___ percent of the total
load of the heaters.

a. 10
b. 50
c. 125
d. 250
3. Deicing panels or units shall not exceed watts per square foot of
heated areas.
a. 25
b. 80
c. 120
d. 200
4, ‘ spacing between adjacent cable runs is dependent upon the rating of the
.0le, and shall be not less than ________ inch(es) on centers.
a. 1
b. 2
c. 6
d. 12

5. Deicing units, panels, or cables shall be installed on a substantial asphalt or
masonry base at least __ inches thick and have at least _ inches
of asphalt or masonry applied over the units, panels, or cables.

a. 1,2

b. 2, 13

e. 4, 4%
6, 6

- P

&

5
ceonocl® o
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JRMANCE GUIDE:

1. Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

. Read manufacturer's installation instruetions.

Make wiring connection in weathertight eneclosures.

Make wiring connections to temperature control devices.

Turn power on.

Assure required operation.

L

= Bat B 5
.
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 101
TASK: Connect door chime system.

STANDARD OF PERFORMANCE OF TASK: Button at each location must cause
chime to operate. The connecting of the door chime system must meet the
requirements as outlined by the National Electrical Code (Article 725) and the
local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 599-607.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Components for door echime system

2. Power source

3. Previously roughed in wiring

4. The basic tool kit
5. Installation/electrical materials.
ENABLING OBJECTIVE(S):

BL

1. Select and use electrical tools for the task.

2. Read and interpret blueprint drawings.
RESOURCES:
National Electrical Code, 1984, pp- 644-653.
Mullin, Electrieal Wiring (Residential), pp. 207-210.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for door chime system
installation.
2. Explain the location requirements for door chimes.
3. Show how to connect wiring for door ehime.
4, Diseuss control wiring procedures.
5. Demonstrate operation of door chime.

CRITERION REFERENCED MEASURE:

Questions:

1. Conductors of number ____and __ __. shall be permitted to be used
for control wiring of door chimes provided that supply loads do not exceed
the ampacities given in 402-5.
a. 16, 18
b. 14, 16
c. 12, 14
d. 10, 12
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PERFORMANCE OBJECTIVE V-TECS 101 (Continued)

2. Door chimes are normally controlled by __ devices located by the
front, back, or side entrances.
a. PBNC
b. PBNO
c. SPST
d. SPDT
3. Control voltage for door chimes is produced by:
a. Step-up transformers
b. Step-down transformers
c. Relays
d. Solenoids.

Answers:
1. a
2, b
3. b

PERFORMANCE GUIDE:

1. Locate installation point.

2. Turn power off. .

3 Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

4, Read manufacturer's installation instruetions.

5. Attach chime unit to structure.

6. Make low-voltage wiring econnections.
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 102
TASK: Connect/install duplex receptacle outlets,

STANDARD OF PERFORMANCE OF TASK: Connections must be made using
methods and connectors suitable for the purpose. Finished outlets must have
correct polarity. Cover plate must be straight, cover the opening, and fit flush to
the wall. All receptacles must be mounted in a manner to present a uniform
appearance. The duplex receptacle outlets must meet the requirements as
outlined by the National Electrical Code (Article 200-10, Article 200-11) and the
loeal authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 26-27.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Duplex receptacle outlets
2. Power source
3. Previously roughed in wiring

4, The basie tool kit
5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use electrieal tools for the task.
2. Read and interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, pp. 28-29, 36-40.
Mullin, Eleetrical Wiring (Residential), pp. 11-15.

TEACHING ACTIVITIES:

1. Discuss National Electrical Code requirements for duplex receptacle outlet
installation.

2. Explain the location requirements for duplex receptacles.

3. Show how to connect wiring for duplex receptacles.

4. Discuss wiring procedures for more than two sets of cables in a box.

5. Demonstrate operation of duplex receptacle.

CRITERION REFERENCED MEASURE:

Questions:

1. Conductors of numbers _and ________ shall be permitted to be used
for duplex receptacles in a residence.
a. 16, 18
b. 14, 16
c. 12, 14
d. 10, 12
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PERFORMANCE OBJECTIVE V-TECS 102 (Continued)

2. Duplex receptacles are normally controlled by _ devices.
a. PBNC
b. PBNO
c. SPDT
d. Cireuit breaker
3. The brass colored terminal on a receptacle usually designates the .
conductor terminal.
a. grounding
b. neutral
c. hot

Answers:
1. e
2. d
3. c

PRACTICAL APPLICATION:

Connect/install duplex receptacle outlets following the National Electrical Code
Standard.

METHOD OF EVALUATING PRACTICAL APPLICATION:

Use the Checklist for Performance Objective 102 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

1.
2.
3.

4.
Ei
6?

7é
8.

Locate installation point,

Turn power off.

Determine that power is off by checking conductor(s) at the point of connection(s)
with voltage tester.

Cut conductor at wall box to leave six inches of free conductor.

Remove approximately three fourths inch of insulatioen from each conductor.
Connect white conductors to silver or white terminals.

Connect black conductor to brass or gold colored terminals.

If there are two or more grounding conduc’ s, they must be securely connected
together using an approved means and fastened to receptacle and to box if
required.

If box is metal, conneet grounding conductors to green terminals and to wall box.
Fasten outlet to wall box.

Install cover plate.

Turn power on.

Test for correct polarity.

o
o

[
2]
[Aw]



PERFORMANCE TEST FOR CONNECTING/INSTALLING DUPLEX RECEPTACLE
OUTLETS

Siodent's Name - " Date

DIRECTIONS TO STUDENT: Connect/install duplex receptacle outlets following
the National Electrical Code Standard using the
checklist below.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Prepared conductors for connection to device. .

2. Selected correct device. . —

3. Prepared device for connections.

4, Proper connections performed. - _

5. Checked device for proper operation. . R

6. Performed proper troubleshooting techniques.

1. Made a list of materiais used. _ _

8. Cleaned up work area. e I o

9. Followed all safety procedures. . .

APPROVED: Yes _ No

Evaluator's Signature . 7 " Date



DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

ERFORMANCE OBJECTIVE V-TECS 103

"

TASK: Connect/install electric fence charger.

STANDARD OF PERFORMANCE OF TASK: System must function when power
has been turned on unit as evidenced by high voltage indicator on unit.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Electrie fence charger

2. Power source

3. Previously roughed in wiring

4. The basic tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Seleet and use electrical tools for the task.
2. Fead and interpret blueprint drawings.

RESOURCES:
National Electrieal Code, 1984, pp. 28-29, 36-40.

Mullin, Electrical Wiring (Residential), pp. 11-15.

TEACHING ACTIVITIES:
1. Read and discuss the National Electrical Code requirements for electric

2. Explain the location requirements for fence chargers.

3. Show how to connect wiring for fence charger operation.

4, Discuss wiring procedures for fence charger operations,
5. Demonstrate operation of fence charger.

CRITERION REFERENCED MEASURE:

Questions:

1. Fence chargers are used to contain animals by producing electric charges
every .
a. few hours
b. few minutes
c. few seconds.

2. Fence chargers are normally controlledby ___ devices.
a. capacitor
b. transformer
c. transistor.

3. Most fence chargers have a green and red flashing light to indieate

a. faulty operation
b. proper operation
c. both.
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PERFORMANCE OBJECTIVE V-TECS 103 (Continued)

Answers:

1.
2.
3.

[
a
¢

PERFORMANCE GUIDE:

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Install suitable ground to charger.

Connect charger uinit to power soirce using methods and connections suitable
for the purpose.

Connect wiring from fence echarger to fence.

Turn power back on circuit.

Turn fence charger unit on.

Check for high voltage output.



DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

PERFORMANCE OBJECTIVE V-TECS 104

TASK: Connect/install emergency warning system (burglar or fire).

STANDARD OF PERFORMANCE OF TASK: The emergency warning system must
be installed so that each detector will give a warning signal if activated. The
emergency warning system must meet the requirements as outlined by the
National Electrical Code (Article 760) and the loeal authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Emergeney warning system (burglar or fire)
2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials

6. Layout of points to be monitored.

ENABLING OBJECTIVE(S):

1. Select and use electrical tools for the task,
2. Read and interpret blueprint drawings.
RESOURCES:
National Electrical Code, Article 700-C,D,E,F and Article 230-82, 83.
Mullin, Eleetrical Wiring (Commercial), p. 171.

Mullin, Eleetrical Wiring (Industrial), pp. 58-59.
TEACHING ACTIVITIES:
1. Read and discuss the National Electrical Code requirements for emergency
warning systems. (Burglar or fire)
2. Explain the loeation requirements for warning system.

3. Show how to connect wiring for warning system.
4, Discuss wiring procedures for burglar and fire alarm systems.

5. Demonstrate the operation of a warning system.

Questions:

1. List three types of burglar alarm monitoring devices used to set off the
alarm.

2. In the event of normal power failure, what is used to provide power to the
alarm system?

3. What is the maximum number of fire alarm devices that can be operated on

one circuit?

R'7?
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PERFORMANCE OBJECTIVE V-TECS 104 (Continued)

Answers:

1.
2.
Si

Battery
20

PERFORMANCE GUIDE:

1@

From layout of system, determine location of master control unit and points
to be monitored.
Turn power off.

connection(s) with voltage tester.

Read manufacturer's installation instruetions.

Run low voltage wiring from each point to be monitored back to central
location of master unit.

Install window foil, window switeh, door switeh, mat switches, smoke
detector, fire detector, ete., in each room to be monitored.

Run 110 volt wiring eircuit from main service panel to alarm system and
control station.

Check rough in wiring for shorts and open cireuits.

Connect detectors.

Connect master control unit.

Turn power on.

Assure required operation of system by activating each detector.



DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 105
TASK: Connect/install four wire 220 volt receptacles.

STANDARD OF PERFORMANCE OF TASK: Connections must be made using
materlals aﬁd eonduetars smtable t‘or condltmns encauntered. Receptacle must be

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Power source

2. Previously roughed in wiring

3. The basie tool kit

4, The installation/electrical materials

5. The electrical plan or other instruetions to locate point of installation.

ENABLING OBJECTIVE(S):
1. Select and use eleectrical tools for the task.
2. Read and interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Articles 200-10, Articles 210-21.
Mullin, Eleetrical Wiring (Commercial), pp. 61-62.

TEACHING ACTIVITIES:
1. Read and discuss the National Electrical Code requirements for 220 volt
receptacle installation.
2. Explain the location requirements for receptacle installation.
3. Show how to conneect wiring for 220 volt receptacle.
4, Discuss wiring procedures for 220 volt receptacles.
5. Demonstrate how to check voltage after turning power on.

CRITERION REFERENCED MEASURE:
Questions:
1. List four types of ampere ratings for four wire 220 volt receptacles.
2. 'NEMA' has developed standards for the physical appearance of locking and
nonlocking plugs and receptacles. What does the word 'NEMA' represent?

3. List two types of four wire 220 volt receptacles.
Answers:
1. 20, 30, 40, 50
2. National Electrical Manufacturers Association
3. Locking and nonlocking

PRACTICAL APPLICATION:
Connect/install four wire 220-volt receptacles following the National Electriecal

Code Standard.

o
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PERFORMANCE OBJECTIVE V-TECS 105 (Continued)

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 105 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

1. Loeate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of
4. Read manufacturer's installation instructions.
5. Cut conductors at wall box to leave six inches of free conductor.
6. Remove approximately three fourths inch insulation from each conductor,
7. Connect grounding eonductor (green or bare) to grounding terminal.
8. Connect one line conductor to one of brass or gold colored terminal.
9. Connect remaining line conductor.

10. Connect white conductor to identified neutral terminal.

11. Attach receptacle to wall box.

12. Install cover plate.

13. Turn power on.

14, Check for required polarity.

15. Cheek for required voltage.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 105 EVALUATION

PERFORMANCE TEST FOR CONNECTING/INSTALLING FOUR WIRE 220 VOLT
RECEPTACLES

Student's Name Date

DIRECTIONS TO STUDENT: Connect/install four wire 220-volt receptacles
following the National Electrical Code Standard using
the checklist below.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Prepared conductors for connection to device. .

2. Selected correct device.

3. Prepared device for eonnections. o

5. Cheecked device for proper operation. R

6. Performed proper troubleshooting techniques.

7. Made a list of materials used.

8. Cleaned up work area. e

9. Followed all safety procedures.

APPROVED: Yes __ No

Evaluator's Signature Date
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 106
TASK: Install/connect ground fault interrupting device.

STANDARD OF PERFORMANCE OF TASK: Ground fault interrupting device
must be installed according to manufacturer's instructions. Ground fault
interrupting device must function to open circuit when tested as per
manufacturer's instructions. The installation/connection of the ground fault
interrupting device must meet the requirements as outlined by the National
Electrical Code (Article 210, Section B, and Article 680) and the local authority
having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 31-32, 560-574.

1. Ground fault interrupting device
2. Power source

3. The basie tool kit

4, Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select #nd use electrical tools for the task.
2. Reac 2:11d interpret blueprint drawings.

RESOURCES:
National Eleetrical Code, 1984, Article 210-8.
Mullin, Eleetrieal Wiring (Commercial), pp. 63-64.
TEACHING ACTIVITIES:
1. Read and discuss the National Electrical Code requirements for groundfault
interrupting device.
2. Explain the location requirements for receptacle installation.
3. Show how to connect wiring for GFCI receptacle and cireuit breaker.
4, Discuss wiring procedures for GFCI devices.
5. Demonstrate the operation of GFCI devices.

CRITERION REFERENCED MEASURE:
Questions:
1. The underwriters laboratories require that Class A GFCl's trip on ground-
fauit currents of ____ to __ milliamperes.
2. Nzdie two loesticns where GFCI devices are required in a residence.
3. List two types of GFCI devices.

Answers:

1. 4,6

2. Bathrooms and outside receptacles
3. Cireuit breaker and receptacle types




PERFORMANCE OBJECTIVE V-TECS 106 (Continued)

PRACTICAL APPLICATION:
Install/connect a ground fault interrupting device following the National Electrical
Code Standard.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 106 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

1§

2.
3.

11.

okt
el

PomN

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at point of

conneetion(s) with voltage tester.

Read manufacturer's installation instruetions.

If circuit breaker type device, snap or bolt breaker in a breaker panel.

Locate circuit conductors to be protected for ground fault interrupting

device.

Remove approximately three fourths inch insulation from each conduetor.

Connect grounding conduetor to ground bar in breaker panel.

Connect white or neutral conductor to identified terminal of circuit breaker.

Connect free end of coiled white neutral conductor of lead attached to

circuit breaker to neutral bar in breaker panel.

Connect black or cireuit conductor to load terminal of circuit breaker.

If ground fault interrupting is of ground fault interrupting receptacle type,

determine outlet box grecund fault interrupting receptacle type device is to

be mounted in,

a. Fold wire end out of wall box.

b. Remove approximately three fourths inch insulation from each
conductor.

c. Connect green or bare conductor to grounding terminal on ground fault
interrupting device and to wall box if it is of metal.

d. Connect white wire to silver colored terminal of receptacle.

e. Connect black wire to brass or gold colored terminal.

f. Attach ground fault interrupting device to wall box.

g. Attach cover plate.

Turn power on.

Test units for correct operation as per manufacturer's instructions.
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LFORMANCE OBJECTIVE V-TECS 106 EVALUATION

R
ERFORMANCE TEST FOR INSTALLING/CONNECTING GROUND FAULT
INTERRUPTING DEVICE

w

Student's Name B - - o " Date i
DIRECTIONS TO STUDENT: Install/conneet a ground fault interrupting device

following the National Electrical Code Standard using
the checklist below.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the cheeklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. Prepared conductors for connection te device. . _
2. Selected correct device. ] - o
3. Prepared device for connections. _ _
4. Proper connections performed. B ,_,,7
5. Checked device for proper operation. - o
6. Performed proper troubleshooting techniques. _ _
7. Made a list of materials used. . _ _
8. Cleaned up work area. - .
9. Followed all safety procedures. — _

APPROVED: Yes ______ No _

Evaluator's Signature - Date -




DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 107
TASK: Install/connect hot water heater.

STANDARD OF PERFORMANCE OF TASK: Heater must be supplied with
required voltage. Heater must be grounded and connections must be tight and
insulated. The installation/connection of the water heater must meet the
requirements as outlined by the National Electrical Code (Article 422, Section 14)
and the loeal authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Eleetrical Code, pp. 285-286.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Water heater with plumbing connections made.
2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use electrical tools for the task.
2. Read and interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Article 220-32, Article 422-14,
Mullin, Eleetrical Wiring (Residential), pp. 167-171.

TEACHING ACTIVITIES:

1. Read and discuss the National Electrical Code requirements for wiring
methods for water heaters.

2. Explain the location requirements for water heaters.

3. Show how to conneect wiring for water heaters.

4, Discuss wiring procedures for water heaters.

5. Demonstrate the operation of the water heater system.

)ty

CRITERION REFERENCED MEASURE:
Questions:
1. Electrie water heaters shall be equipped with a temperature limiting means
in addition to its control thermostat to disconnect all cenductors.
2. Many heaters contain one or two magnesium anodes (rods) whiech are
permanently submerged in the water. These rods help to reduce .
3. The heating elements are generally rated at volts. ' o

Answers:

1. Ungrounded
2. Corrosion
3. 236




PERFORMANCE OBJECTIVE V-TECS 107 (Continuad)

PERFORMANCE GUIDE %

1.
2.
3?

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Install cable connector or conduit connector in junetion box on water heater.
Connect cable or conduit to water heater.

Remove approximately three-fourths inch insulation from each conductor.
Conneet wiring using method and materials suitable for conditions
encountered.

Read water heater nameplate.

Determine that eorrect voltage is available at water heater.

Check to see that tank is full of water.

Turn power on.

Check power consumption using elamp on ampmeter.

Install cover plate.

i)
@0
<



DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

PERFORMANCE OBJECTIVE V-TECS 108

TASK: Connect/install humidity control device.

STANDARD OF PERFORMANCE OF TASK: Humidity control device must be
connected using method and connector suitable for conditions encountered.
Connections must be tight.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
2.
3.
4.
5.

Power source

Previously roughed in wiring
The basie tool kit
Installation/electrical materials.

ENABLING OBJECTIVE(S):

1-§
gi

Select and use electrieal tools for the task.
Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Article 422-20, Article 422-26.
Mullin, Electrical Wiring (Residential), pp. 201-202.

TEACHING ACTIVITIES:

1.

2.
3.
4.
5.

Read and discuss National Electrical Code requirements for wiring methods
for humidity contrcl device.

Explain the location requirements for humidity control.

Show how to connect wiring for humidity control device.

Discuss wiring procedures for humidity control devices.

Demonstrate the operation of the humidity control device.

CRITERION REFERENCED MEASURE:
Questions:

1i

2.

3.

The electrician must check the maximum _ _____and __ratings of a
humidistat before the device is installed. o

Some humidistats are low voltage devices and require a . .

The disconnect must be within sight of a motor driven appliance where the
motor is more than 1/8 HP. (True or False)

Answers:

li
2.
3.

Voltage, amperage
Transformer
False

23



PERFORMANCE OBJECTIVE V-TECS 108 (Continued)

PERFORMANCE GUIDE:

1.

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at point of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Connect wiring to humidity control device with connector suitable for
conditions encountered. Be sure connections are tight.

Attach humidity control device to wall or to return air duct system
depending on type of device being used.

Turn power on.

Assure required operation.

S
K¢
&
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

PERFORMANCE OBJECTIVE V-TECS 109

STANDARD OF PERFORMANCE OF TASK: Interecom system must be connected
using method and connectors required by manufacturer. All eonnections must be
tight,

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Intercom system

2. Power source

3. Previously installed wiring

4, The basie tool kit

5. Installatign/eleetr;eal materials.

ENABLING OBJECTIVE(S):

1. Select and use electrical tools for the task.
2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Article 800-1.

TEACHING ACTIVITIES: _
1. Discuss National Electrical Code requirements for wiring methods for

intercom system.

Explain the location requirements for intercom systems.

Show how to connect wiring for intercom system.

Demonstrate the operation of the intercom system from one loecation to
another.

i _W ]

CRITERION REFERENCED MEASURE:
Questions:
1. The __________ must check the maximum number of stations the intercom
system will handle before installation of wiring.
2. Some ___ have features that allow a person to call from any location.
3. The fuse protection for an intercom system must be in accordance with the

Answers:

1. Electrician

2. Intercom

3. National Electrieal Code
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PERFORMANCE OBJECTIVE V-TECS 109 (Continued)

ERFORMANCE GUIDE:

1.
2.
3?

4?
5?

-]

Locate installation points.

Turn power off.

Determine that power is off by checking line conduector(s) at point of
connection(s) with voltage tester.

Read manufacturer's installation instruetions.

Connect wiring to each intercom unit in system as per manufacturer's
instructions and wiring diagram using connectors suitable for conditions
encountered.

When all units of system have been conneected, turn power on.

Check system for correct operations.



DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

TASK: Connect low~voltage lighting control.

STANDARD OF PERFORMANCE OF TASK: Connect low-voltage lighting
cortrol. Connections must be made using method and connectors required by
marufacturer and the National Electrical Code.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Low- valtagé lighting control

2. Power source

3. Previously installed wiring

4, The basic tool kit

5. installation/electrical materials.

ENABLING OBJECTIVE(S):
1 Select and use electrical tools for the task,
2. [nterpret blueprint drawings.

RESOURCES: .
National Eleetrical Code, 1984, Article 725.
Mullin, Eleet;’iea Wiring (Residential), pp. 268-274.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for wiring methods for low-
voltage lighting control.

2. Explain the location requirements for low-voltage control.
3. Show how to connect wiring for low-voltage lighting control.
4. Discuss wiring procedures for low-voltage lighting.
5. De’,manstraté the operation of the low-voltage lighting system.
CRITERION REFERENCED MEASURE:
Questions:
1. What is the approximate voltage used on low-voltage, remote control
system?
2. Thne low-voltage, remote control system uses a normally open, single pole,

double throw ____ ___contact switeh.
3. A number ) AWG conductor is generally used for low- -voltage,

remote control systems.

Answers:
1. 24
2. Momentary
3. 18
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PERFORMANCE OBJECTIVE V-TECS 110 (Continued)

PERFORMANCE GUIDE:

1.
2.
3.

4,§
5
6.

7.
Eﬁ

Locate ir=tallation point.

Turn power off. .

Determine that power is off by checking conductor(s) at points of
connection(s) with voltage tester.

Read manufaeturer's installation instructions,

Connect power leads of low-voltage control devices to light fixture wiring
using suitable connectors.

Connect low-voltage control lead to relays and control switches as reguired
to complete the wiring of the low-voltage lighting control using suitable
connector.

Turn power on.

Check for operation of control system.
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DUTY: TRIMMING OUT (FiM T R ACTHECAL DEVICES AND APPLIANCES

PERFORMANCE OBJECT#w: V- VECS " ¢1
TASK: Connect meistifry ~esist:uii reeceptacle.
STANDARD OF PEEE?QRHAHQE OF ‘TASK' Reeeptat&lé must be eanne&teﬂ usmg

methods and conmecic
Code. Connectiorrms #5t ;i

SOURCE OF STAMNIBARD: “ennéssne Writing Team.

CONDITIONS FOR: =% ¥ANCE OF TASK:

1. Moisture resistati sovettplate and receptacle
2. Power source

3. Previously rﬁughé';l in wiring

4, The basic tool kit

5. The installation/electrical materials.

ENABLING OBJECTIVE(S):

1, Select and use electrical tools for the task.
2. Interpret blueprint drawings.
RESOURCES:

National Electrical Code, 1984, Article 380-4, 410-57.
Mullin, Electrical Wiring (Residential), p. 128

TEACHING ACTIVITIES:
1. Discuss Natinnal Eléetrical Code requirements for wiring methods for
2. Explam the lacatmn reqmrements for moisture resistant receptacles.
3. Show how to connect wiring for receptacle operation.
4. Discuss wiring procedures for moisture resistant receptacles.
5. Demonstrate the operation of the reeeptacle.

Questions:
1. Receptacles located outdoors in damp locations such as pereches and under
canopies, or in. wet locations directly exposed to the weather, must be
when the self elosing cover of the receptacle is closed.
2. Fixtures located in wet or damp locations must be construeted so ‘that
—_ will not enter their wiring compartments or electrical parts.
3. Receptacles located on the cutside of a building must be protected by a

—— _ breaker.
1.  Waterproof
2.  Water
3. GFIC

i)
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ERFORMANCE OBJECTIVE V-TECS 111 (Continued)

m

rg
tfl\

ocate installation point.
Turn power off.
Determine that power is off by cheecking conductors at point of connections
with voltage tester.
4. Read manufacturer's installation instructions.
5. Remove insulation from each conductor to length suggested by
manufacturer.
6. Connect white wire to silver eclored terminal.
7. Connect black wire to gold or brown colored terminal.
8. Connect grounding conductor to green eolored terminal.
9. Attach receptacle to receptacle housing. Be sure gaskets or other water
proofing materials are in place.
10. Install protective covers or cover plates.
11. ‘Turn power on, '
- 12. Check for correct polarity.

ERFORMANCE GUIDE:

1
o
3

o
w
=




DUTY: TRIMMING OUT (FIHISHiHG) ELECTRICAL DEVICES AND APPLIANCES

PERFORMANCE OBJECTIVE V-TECS 112

TASK: Install/connect photo-electric cell control.

STANDARD OF PERFORMANCE OF TASK: Connections must be iiade using
method and connectors required by manufacturer and the National Electrical
Code. Connections must be tight. Device must be tested to assure required
operation.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASBK:

1. Photo-electric cell control
2. Power source
3. Previously installed wiring

4 The basic tool kit
5. Installation/electrical materials.

ERNABLING OBJECTIVE(S):
1. Seleet and use electrical tools for the task.
2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Articles 410-4B, 240-4.
Buban, et al., Understanding Electricity and Electronies, pp. 198-199,

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for wiring methods for photo-
electric cell controi.
2. Explain the loeation requirer2nts for photo-electric cell controls.

3. Show how to connect wiring Ter photo-electric cell.
4, Discuss wiring proecedures for choto-electric cell.
5. Demonstrate the operation of the photo-electric cell control.

CRITERION REFERENCED MEASURE:
Quegtions:
1. A group of devices that convert one form of energy into another form of
energy or into a variation of some electrical quantity are called

2. o cells. cause a decrease in the resistance of the cells when llght
is present.

3. , ___cells convert light energy into electric energy by generating
a voltage.

Answers:

1. Transducers
2. Photoconductive
3. Photovoltaic
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PERFORMANCE OBJECTIVE V-TECS 112 (Continued)

g

Locate installation point.

FO
PERFORMANCE GUIDE:
1.
2. Turn power off.

3. Determine that power is off by checking conductor(s) at point of
connection(s) with voltage tester,

4. Read manufacturer's installation instructions.

5. Attach photo-electric cell to ovtlet box or light fixture as appmgmaté.

6. Make wiring connections per manufaeturer's instruetion using suitable
connectors.

7. Install cover plates or rehang fixture.

8. Turn power on.

9. Assure required operation.

[o~]
=]
[T




DUTY: TRIMMING OUT (FINISHING) ELEC -TRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 113
TASK: Connect recessed fixture box In ceiling.

STANDARD OF PERFORMANCE OXF TASK: Connections must be made using
methods and connectors required by~ manufacturer and the National Electrical
Code. Polarity must be correct and f¥ xture must be grounded.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE COF TASK:
1. Previously installed recessed fix®ure box
2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. .« 'Installation/electrical materials—

ENABLING OBJECTIVE(S):
1. Select and use electrical tools fosr the task.
2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Article=s 410-65, 66, and 67.
Mullin, Electrical Wiring (Commercial®, pp. 153-155.

TEACHING ACTIVITIES:
1. Discuss National Electrical Com«de requirements for wiring methods for
recessed lighting fixture box,
2. Explain the location requirementt= for recessed lighting.
3. Show how to connect wiring for Fecessed lighting fixtures.
4, Discuss wiring procedures for jurmetion boxes in atties. .

5. Demonstrate tie operation of the= recessed lighting fixture.
CRITERION REFERENCED MEASURE:

Questicons:

1. Flexible metal raceway fo a rece=ssed fixture must be more than _ feet
and less than __ feet,

2. Flush, recessed fixtures having = solid lens, or ceiling mounted fluorescenrt
fixtures, must be placed so that there is at least a ____ inch clearance
between the fixture and the comE>ustible material.

3. List four styles of recessed mourx ted luminaries.

Answers:
L] 4, 6
F - E

-3. Style F, G, H, J

B
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PERFORMANCE OBJECTIVE V-TECS 113 (Continued)

PERFORMANCE GUIDE:

. Locate previously installed box.

Turn power off.

Determine that power is off by checking conduector(s) at the point of

conriection(s) with voltage tester.

4. Remove approximately three-fourths inch insulation frem the end of each
conductor.

5. Make wiring connections in junetion bdx, using correct connectors and
methr‘ds and abservmg correct polarities.

ME‘«J\H

7. Feld wu‘mg back mtg ]um:ticm box.
8. Install cover on junction box.
9. Install lamp no greater than manufacturer's recommendation.
10. Install fixture trim.
11. Turn power on.
12.  Assure requiregd operation.
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DUTY: TRIMEEMING OUT (FINSHING) ELECTRICAL. - DEVICES AND APPLIANCES
PERFORMANRICE OBJECTIVE/TECS 114
TASK: ~Connect single pleswitch.

STAND#sA RD OF PERFOIMANCE OF TASK: Connections must be made using
method= and conneetorrequired by manufis-cturer -:d the National Electriecal
Code. sConnections mustbe tight. The conne==ctions must meet the requirements
as outli=mned by the Natiml Electrical Code (AArticle 380) and the local authority
having jsairisdiction.

SOURCEE OF STANDARD
Tennesssee Writing Team, 7
Natiopa:=1 Electriecal Codep. 238-241.

CONDIEEIONS FOR PERIIRMANCE OF TASKe=
1, Sieagle pole switch

2, Pr=sgviously roughedhwiring

3. Theme basie tool kit

4 Ins=stallation/electrinl materials.

ENABLING OEBJECTIVE(S): )
1. Se"Ject and use elechical tools for the tgsE. k.
2. Int——erpret blueprintinwings.

RESOURCES: .
National Electrical Code, 1984, Articles 380~8, 14b.
Mullin, EB2lectrical Wiring(lesidential), pp. 45-4.-6.

TEACHING A=CTIVITIES:
1. Di=scuss National Eleirical Code requiremments for wiring methods for single
poiEe switches.
2. Exzplain the lccatxﬂurequlrements for sinmerle pole switches.
3. Shexow how to conned wiring for single pol-_e switches.
4, Di=scuss wiring prociuires for single pole s=switches.
5, De==monstrate the opration of the single pewsole switeh.

CRITERION == EFERENCED MIASURE:
Questior=as:
1. A =single pole switcds used when a light <or group of ligits or other load is to
be. controlled from i swltchmg poE-int(s).
2. A =single pole switchs identified by its twewo terminals and the toggle which is
mamrked -
3. AlBM switches sﬁd q:lrcmt breakers used ass switches shall be so located that
the==y may be operatdfrom areadily ___ place. (Article 380-8).
Answers==
1. On-e
2. On_/off
3. Aceessible
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PERFORMANCE OBJECTIVE V-TECS 114 (Continued)

PRACTICAL APPLICATION:
Connect a single pole switch following the National Eiectrical Code Standard.

METHOD OF EVALUATING PRACTICAL AFPLICATION:

Use the Thecklist for Performance Objeetive 114 to determine if the assignment
was completed with at least an B0 percent accuracy.

PERFORMANCE GUIDE:

1!
2?
3?

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at point of
connection(s} with voltage tester.

Remove approximately three-fourths inch insulation from the ends of each
conductor.

Make wiring connection to switch using terminals or connectors provided. Be
sure all connections are tight.

Attach switeh to box with means provided.

Install cover plate.

Turn power on.

Assure required operation.
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CHECEKLIST FOR PERFORMANCE OBJECTIVE V-TECS 114 EVALUATION

PERFORMANCE TEST FOR CONNECTING SINGLE POLE SWITCH

Student's Name ' Date

DiRECTIONS TO STUDENT: Conneet a single pole switeh following the National
Eleetrical Code Standard using the checklist below.

0 EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

DIRECTIONS

=3

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. Prepared conductors for connection to device. -

2. Selected correct device. , —

3. Prepared device for connections. -

5. Checked device for proper operation. -

6. Performed proper troubleshooting techniques. - _

7. Made a list of materials used.

8. Cleaned up work areas. _ .
9. Followed all safety procedures. -
APPROVED: Yes ___No

Evaluator's Signature - o Date
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 115
TASK: Connect/install single pole switeh with pilot light.

STANDARD OF PERFORMANCE OF TASK: The switeh must eontrol the intended
device. The pilot light must indicate when the switch is in the on position.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Single pole switeh with pilot light

2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use electrical tools for the task.
2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Articles 380-8, 14b.
Mullin, Electrical Wiring (Residential), pp. 45-46.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for wiring methods for single
pole switches with pilot light.
2. Explain the location requirements for single pole switches.
3. Show how to connect wiring for single pole switehes with pilot lights.
4. Discuss wiring procedures for single pole switehes with pilot lights.
5. Demonstrate the operation of the single pole switch with pilot light.

CRITERION REFERENCED MEASURE:

Questions:

1. A single pole switch with a pilot is used when a light or group of lights or
other load is to be controlled from ________ switeching point(s).

2. A single pole switch with a pilot is identified by its three terminals and the
toggle which is marked _____ .

3. Snap switehes shall not be grouped or ganged in outlet boxes unless they can
be so arranged that the voltage between adjacent switches does not exceed

Answers:
1. One
2. On/off
3. 300
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PERFORMANCE OBJECTIVE V-TECS 115 (Continued)

PRACTICAL APPLICATION:
Connect/install a single pole switch with a pilot light.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 115 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:
1. Loecate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.
4. Read manufacturer's installation instructions.
5. Cut conductor at wall box to leave six inches of free conductor.
6. Remove approximately three fourths inch insulation from each conductor.
7. Connect white or neutral conductor to white or silver terminal on pilot light.
8. Connect ungrounded conductors to identified line of lead conductors of
switeh.
9. Attach switch with pilot light to wall box.
10. Install cover plate.
11. Turn power on.
12. Turn switeh on,
13. Assure required operation.
14. If device does not work or pilot light does not burn, recheck connections.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 115 EVALUATION
E

TEST FOR CONNECTING/INSTALLING SINGLE POLE SWITCH
WITH PILOT LIGHT

Stﬁdeitis Name — Date
DIRECTIONS TO STUDENT: Connect/install a single pole switeh with a pilot light

following the National Electrical Code Standard using
the checklist below.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Prepared conductors for connection to device. _ -
2. Selected correct device. e .
3. Prepared deviee for connections. _ _
4. Proper connections performed. . _ —_— )
5. Checked device for proper operation. . .
6. Performed proper troubleshooting techniques. I I
7. Made a list of materials used. - .
8. Cleaned up work area. _ — _
9. Followed all safety procedures. . .

APPROVED: Yes ____ No___
Evaluator's Signature . ) ~ Date




DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 116
TASK: Connect split eircuit duplex receptacle.

STANDARD OF PERFORMANCE OF TASK: Finished wiring must be supplied
from two sources. The cover must be installed flush with wall, level across the
top, and cover opening in the wall. Polarity must be correct.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Duplex receptacle that can be split wired
2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use electrical tools for the task.

2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Articles 210-7, 52.
Mullin, Electrical Wiring (Residential), pp. 108, 114-116.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for wiring methods for split

eircuit duplex receptacles.

2. Explain the location requirements for receptacles.
3. Show how to connect wiring for split circuit duplex receptacle.
4, Discuss wiring procedures for split eircuit duplex receptacles.

5. Demonstrate the operation of the split eircuit duplex receptaecle.

CRITERION REFERENCED MEASURE:
Questions:
1. For split eireuit duplex réceptaeles, one part of the receptacle is
and the other is
2. Split cireuit duplex recep p acles are most commonly used in the _____ _of
a residence. ) -

3. Receptacle ratings shall conform to the values listed in table __ _ of
the NEC. B

Answers:

1. Hot, switch controlled

2. Living room

3. 210-21 (b) (3)
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PERFORMANCE OBJECTIVE V-TECS 116 (Continued)

PRACTICAL APPLICATION:
Connect a split circuit duplex receptacle following the National Electrical Code
Standard.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 116 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

1@
2.
3.

4,?
5.
6.

7.

Loeate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) w'iix voltage tester.

Read manufacturer's installation instructions.

Cut conductor at wall box to leave six inches of free conduector.

Remove approximately three-fourths inech of insulation from each conductor.
Remove break off tab from line side of receptacle to cause it to be a split-
wired receptacle.

Connect white or neutral conductor to silver or white terminal.

Connect one of the other supply conductor to one of the brass or gold
terminals.

Connect the remaining supply conductor to the remaining brass or gold
terminal.

Connect bare or green grounding conductor to green terminal and to wall box
if it is a metal box.

Attach duplex receptacle to wall box.

Install cover plate.

Turn power on.

Check that the receptacle has been supplied from two sources by turning off
one source.

Test for correct polarity.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 116 EVALUATION

PERFORMANCE TEST FOR CONNECTING SPLIT CIRCUIT DUPLEX RECEPTACLE

Student's Name

DIRECTIONS TO STUDENT: Connect a split circuit duplex receptacle following
the National Eleectrical Code Standard using the
checklist below.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficieney level on the cheeklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory .

1. Prepared conductors for connection to device. . .

2. Selected correct device. — o

3. Prepared deviee for connections. _ - .

4, Proper connections performed. e .

6. Performed proper troubleshooting techniques. _ - ,"7

7. Made a list of materials used. ) —

8. Cleaned up work area. o ) .

9. Followed all safety procedures. - S

APPROVED: Yes _____ No _

Evaluator's Signature
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DUTY: TR

IMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

PERFORMANCE OBJECTIVE V-TECS 117

TASK: Connect/install three wire 220 volt receptacle.

STANDARD OF PERFORMANCE OF TASK:

Connections must be made using

materials and conductors required by manufacturer and the National Electrical

Code.

Receptacle must be supplied with correet voltage and must have correct

polarity.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Three wire 220 volt recepiacle
2. Power source
3. Previously roughed in wiring
4, The basic tool kit
5. Installation/electrical materials.
ENABLING OBJECTIVE(S):
1. Select and use electrical tools for the task.
2. Interpret blueprint drawings.
RESOURCES:
National Electrical Code, 1984, Articles 210-7, 52.

Mullin, Eleectrical Wiring (Residential), p. 108.

TEACHING ACTIVITIES:

1. Discuss National Eleectrical Code requirements for wiring methods for 220
volt receptacle.

2. Explain the location requirements for reeeptaeles.

3. Show how to eonnect wiring for three wire 220 volt receptacle.

4. Discuss wiring procedures for 220 volt receptacle.

5. Demonstrate the operation of the three wire 220 volt receptacle.
CRITERION REFERENCED MEASURE:

Questions:

1. Section ____of the National Electriec Code states that a means must be

provided to mmultaneausly disconnect both ungrounded conductors at the
panelboard where the branch eircuit originates.

2. A cable containing a black, white, and bare conductor may be used as a 220
volt cireuit provided the _____ and _ ____ colors are used as the hot
conductors.

3. In a cable containing a black, white, and red conductor, the _____ and

_ conductors are used as the hot conductors.

Answers:

1. 210-4

2. Black, white

3. Black, red
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PERFORMANC]I

L OBJECTIVE V-TECS 117 (Continued)

E
PRACTICAL APPLICATION:
Connect/install a three wire 220 volt receptacle following the National Electrical
Code Standard.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 117 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

li
2.
3i

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Determine that power has been turned off by checking each conductor with

Cut conductor at wall box to leave six inches of free conductor.
Remove approximately three-fourths inch insulation from each conductor.

Attach receptacle to wall box.

Install eover plate.

Turn power cn.

Check for correct polarity and voltage.



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 117 EVALUATION

PERFORMANCE TEST FOR CONNECTING/INSTALLING THREE WIRE 220
YOLT RECEPTACLE

Student's Name — ’ "" Date T
DIRECTIONS TO STUDENT: Connect/install a three wire 220 volt receptacle

following the National Electrical Code Standard using
the checklist below.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80

percent proficieney level on the checklist.
ITEMS TO BE EVALUATED Satisfactory Unsatisfactory
1. Prepared conductors for connection to device. , _ .
2. Selected correct device. o e
3. Prepared device for connections. __ o
4, Proper connections performed. o
5. Checked device for proper operation. _ - .
6. Performed proper troubleshooting techniques. . —
7. Made a list of materials used. _
8. Cleaned up work area. N -
9. Followed all safety procedures. i} L
APPROVED: Yes No _
Evaluator's Signature - Date .
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
FPERFORMANCE OBJECTIVE V-TECS 118
TASK: Connect/install delayed action or time switeh.

STANDARD OF PERFORMANCE OF TASK: Switch must turn deviee it is
controlling off within the preseribed time after it has been turned on. Connections
must be made using method and connector required by manufacturer and the
National Electrical Code.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Timed or delayed action switeh

2. Power source

3. Previously roughed in wiring

4, The basic tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use electrical tools for the task.
2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Articles 380-8, 422-).
Richter, Practical Electrical Wiring, p. 432.

TEACHING ACTIVITIES:
1. Diseuss National Eleetrical Code requirements for wiring methods for time
switehes.
2. Explain the location requirements for switches.
3. Show how to connect wiring for time switeh.
4, Discuss wiring procedures for time switches.
5. Demonstrate the operation of the time switeh.

CRITERION REFERENCED MEASURE:
Questions:
i. switches are used to control lighting for added convenience.

2. List two examples where time switches are used.
3. Poultry houses use times to control lights for additional lighting in the winter
to _ egg production.

Answers:

1. Time

2, Hot water heaters, outside lighting
3. Increase
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PERFORMANCE OBJECTIVE V-TECS 118 (Continued)

PERFORMANCE GUIDE:
1. Locate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.
4. Read manufacturer's installation instructions.
5. Cut conductor at wall box to leave six inches of free conductors.
6. Remove approximately three-fourths inch of insulation from each conductor.
- 7. Connect conductors to switeh terminals.
8. Attach switeh to wall box.
9. Install cover plate,
10. Turn power on.
11. Turn switeh on.
12. Assure required operation of switch.
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PERFORMANCE OBJECTIVE V-TECS 119
TASK: Connect water pump motor.

STANDARD OF PERFORMANCE OF TASK: Connection must l:2 made using
method and connectors required by manufacturer and the National Electrieal
Code. Water pump motor must run in correct direction when power is supplied by
its controller. The connections must meet appropriate codes acecording to motor
manufacturer's wiring diagram and materials. All connections must be tight and
the motor must be grounded if required. The connections must meet the
requirements as outlined by the National Electrical Code (Article 430) and the
local authority having jurisdiction.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 311-347.

CONDITIONS FOR PERFORMANCE OF TASK:
1. Water pump motor

2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use electrical tools for the task.
2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Article 430.
Mullin, Eleetrical Wiring (Residential), pp. 164-165.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for wiring methods pump
motors.
2. Explain the location requirements for water pump electrical disccnnects.
3. Show how to connect wiring for water pumps.
4. Discuss wiring procedures for water pumps.
5. Demonstrate the operation of the water pump.

CRITERION REFERENCED MEASURE:
Questions:

1. Dual element, time delay fuses must be rated at not more than —
percent of the full load current of the motor. )

2. For a submersible pump the _ __ contains the motor's starting relay,
overload protection, starting and running capacitors, lightning arrester, and
terminals for making the necessary electrical connections.

3. The ________ data and instructions furnished with the pump must be
followed for proper wiring of the water pump.




PERFORMANCE OBJECTIVE V-TECS 119 (Continued)

Answers:

1?
2?
3§

125
Controller
Nameplate

PERFORMANCE GUIDE:

1.
2.
3.

4!
5.

6.
7.
8.
9.

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Connect motor leads to wiring previously roughed in from the pump
controller using suitable connectors and methods for conditions encountered.
Replace covers on junction boxes or controller.

Turn power on for water pump eircuit.

Turn pump contreller on.

Check that pump motor runs when power has been applied to motor.
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 120
TASK: Connect wires from junction box to appliance.

STANDARD OF PERFORMANCE OF TASK: Wiring must be connected using
methods required by the manufacturer and the National Eleectrical Code. Polarity
must be correet and appliance must be grounded. The appliance must operate
when the power is turned on.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFQRMANCE OF TASK:
1. dJunetion box

2. Power source

3. Previously roughed in wiring

4, The basie tool kit

5. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Select and use e. :trieal tools for the task.
2. Interpret bluepri: . drawings.

RESOURCES:
National Electrical Code, 1984, Articles 370-6, 18, 19, 430-145.
Mullin, Electrical Wiring (Residential), p. 8.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for wiring methods used for
junetion boxes.
2. Explain the location requirements for junction boxes.
3. Show how to connect wiring for appliance using a junetion box.
4, Discuss wiring procedures for junction boxes.
5. Demonstrate the operation of the appliance.

CRITERION REFERENCED MEASURE:
Questions:
ii

——._ boxes are sometimes placed in a circait for convenience in joining
two or more cables or conduits.
2. The wiring contained in junction boxes shall be _ without having to
~ remove any part of the building.
3. All ________ entering a junction box are joined to other conductors entering
the same box to form the proper hookups so that the circuit will operate in
the manner intended.

Answers:

1. Junetion

2. Accessible
3. Conductors




PERFORMANCE OBJECTIVE V-TECS 120 (Continued)

PERFORMANCE GUIDE:

1?
2?
3?

4&
5.
Ei

7.
3?

9.
10.
11.
12.
13.

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instructions.

Cut conductors at wall box to leave six inches of free conductor.

Run power cord from appliance to junction box through approved cord
connector.

Remove approximately three-fourths inch of insulation from each conductor.
Make conneections in junction box using correct connector and methods and
observing correct polarity.

Install cover on junetion box.

Turn power on for appliance eircuit.

Turn appliance control switch on.

Assure required operation.

Turn appliance off.

w
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

PERFORMANCE OBJECTIVE V-TECS 121

TASK: Connect/install three way switches.

STANDARD OF PERFORMANCE OF TASK: Light or other device must be
controlled on or off from either switch location. Cover plate must be straight,
cover the opening, and fit flush to the wall.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1.
2.
3.
4.

A pair of three way switches
Power source

Previously roughed in wiring
The basic tool kit
Installation/electrical materials.

ENABLING OBJECTIVE(S):

1. Select and use eleectrical tools for the task.
2. Interpret blueprint drawings.
RESOURCES:

National Electrical Code, 1984, Article 380-8.
Mullin, Electrical Wiring (Residential), pp. 47-48.

TEACHING ACTIVITIES:

1. Discuss National Electrical Code requirements for wiring methods used for
three way swiiches.
2. Explain the iwvation requirements for switches and boxes,
3. Show how to zonneet wiring for three way switches.
4. Discuss wiring procedures for three way switches.
5. Demonstrate the operation of the three way switches.
CRITERION REFERENCED MEASURE:
Questions:
1. Three way switches are used to control a light or group of lights fram

or more locations.

2. Three way switches contain ____ terminals for the conductors to be
connected. o

3. List the names of the conductors that are connected to the three way
switches.

Answers:

1. Two

2. Three

3. Hot, switeh leg, travelers (2)

(V%]
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PERFORMANCE OBJECTIVE V-TECS 121 (Continued)

PRACTICAL APPLICATION:
Connect/install a three way switeh following the National Electrical Standard.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 121 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:
1. Loeate installation point.
2. Turn power off.
3. Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.
4. Read manufacturer's installation instructions.
8. Cut conductor at wall box to leave six inches of free conductor.
6. Remove approximately three-fourths inch of insulation from each conductor.
7. Identify conductors.
8. Connect source or hot lead to identified switeh terminal at one switch
location.
9. Connect travelers to either of other two terminals on switeh.
10. Conneect switched leg to identified switeh terminals at second switech
loeation.
11. Conneect traveler to either of other two terminals at second switeh location.
12, Attach switches to wall boxes.
13. Install cover plates.
14. Turn power on. .
15. Assure required operation of switch at both locations.

‘W‘
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 121 EVALUATION

PERFORMANCE TEST FOR CONNECTING/INSTALLING THREE-WAY SWITCHES

Student's Name

DIRECTIONS TO STUDENT:

DIRECTIONS TO EVALUATOR:

"Date

Connect/install a three way switeh following the
National Electrical Code Standard using the checklist
below.

Observe the student. Pay close stiention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Prepared conductors for connection ig device. T
2. Selected correct device. _ ) ) )
3. Prepared device for connections. _ .
4, Proper connections performed. , e
5. Checked device for proper operation. _ _ o _
6. Performed proper troubleshooting techniques. _ o ) —
7. Made a list of materials used. o B _ _
8. Cleaned up work area. _ i} —
9. Followed all safety procedures. — _ _

APPROVED: Yes ___ No __
Evaluator's Signature ) - ) Date )
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 122
TASK: Connect/install four way switches.
STANDARD OF PERFORMANCE OF TASK: Connections must be made using
methods and connectors required by manufacturer and the National Eleectrieal

Code. Light or other device must be controlled on or off from either switeh
location. Cover plate must be straight, cover the opening, and fit flush to the

wall.

SOURCE OF STANDARD: Tennessee Writing Team.
CONDITIONS FOR PERFORMANCE OF TASK:

1. Four way switeh

2. Power source

3. Previously installed wiring

4, The basie tool kit

5. Installation/electrical materials.
ENABLING OBJECTIVE(S):

1. Select and use electrical tools for the task.

2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Article 380-8.
Mullin, Eleetrical Wiring (Residential), pp. 48-49.

TEACHING ACTIVITIES: .
1. Discuss National Electrical Code requirements for wiring methods used for
four way switches.
2. Explain the location requirements for switches and boxes.
3. Show how to connect wiring for four way switches.
4. Discuss wiring procedures for four way switches.
5. Demonstrate the operation of the four way switches.
CRITERION REFERENCED MEASURE:
Questions:
1. Four way switches are used to control a light or group of lights from
or more locations.

2. Four way switches contain ___ terminals for the conductors to be
connected.

3. Conductors that are 'connected to the three way switches are called

Answers:

1. Two

2. Four

3. Travelers
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PERFORMANCE OBJECTIVE V-TECS 122 (Continued)

PRACTICAL APPLICATION:
Connect/install a four way switch following the National Electrical Code
Standard.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 122 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

13.

Loeate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Read manufacturer's installation instruetions.

Cut conductor at wall box to leave six inches of free conductor.

Remove outer sheath leaving approximately one-half inch protruding to
remains in box.

Remove approximately three-fourths inch of insulation from each conductor.
Identify conductors (at least four).

Connect conductors to appropriate terminal on switeh as per diagram
supplied by switch manufacturer.

Attach switeh to wall box.

Install eover plate.

Turn power on.

Operate switch at each location to determine if circuit can be turned on and
off.
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CHECKLIST

OR PERFORMANCE OBJECTIVE V-TECS 122 EVALUATION
T

FOI
PERFORMANCE TEST FOR CONNECTING/INSTALLING FOUR WAY SWITCHES

Student's Name B - T Date ]

DIRECTIONS TO STUDENT: Connect/install a four way switeh following the
National Electrical Code Standard using the checklist
below.

DIRECTIONS TO EVALUATOR: Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Prepared conductors for conneection to device.
2. Selected correct device. . - _
3. Prepared device for connections. - , _
4, Proper connections performed. . _
5. Checked device for proper operation. o
6. Performed proper troubleshooting techniques. - _
7. Made a list of materials used. .
8. Cleaned up work area. — . .
9. Followed all safety procedures. _ _

APPROVED: Yes No __
Evaluator's Signature ) " Date -
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

PERFORMANCE OBJECTIVE V-TECS 123

TASK: Install surface raceway.

STANDARD OF PERFORMANCE OF TASK: Surface raceway must be securely
attached to the building structure using clips or straps designed for the system
being installed. The installation of the surface raceway must meet the
requirements as outlined by the National Eleetrical Code (Article 352) and the
local authority having jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team. :
National Electrical Code, pp. 208-210.

CONDITIONS FOR PERFORMANCE OF TASE:

1.
2.
4.

Surface raceway

Power source

The basic tool kit
Installation/electrical materials.

ENABLING OBJECTIVE(S):

lﬁ
Zi

Select and use electrical tools for the task.
Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Articles 343, 352.

Mullin, Electrical Wiring (Commercial), pp. 91-93, 119-120.
TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for installing surface
raceway.
2. Explain the location requirements for surface raceways.
3. Show how to connect raceway (emt?, wiremold) using connectors, couplings,
and straps.
4. Discuss installation procedures for surface raceway.
5. Demonstrate the installation of the surface raceway.
6. Show how to pull conductors in raceway.
CRITERION REFERENCED MEASURE:
Questions:
1. Electrical metallie tubing shall be strapped within every ___ feet and
within _ of a junetion box.
2. A run of emt between outlets shall not exceed the equivalency of
degrees in bends. -
3. The number of conductors permitted in emt shall not exceed the percentage

fill specified in Table _______, Chapter _______ of the NEC.



PERFORMANCE OBJECTIVE V-TECS 123 (Continued)

Angwers:

1!
2;
3.

Ten, three
360
1, 9

PERFORMANCE GUIDE:

l?
2;
3i
4§
5@

10.
11.

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at point of
connection(s) with voltage tester.

Read manufacturer's instructions.

Attach junetion box to cable or conduit that is going to supply surface
raceway.

Attach junction box to building structure.

Attach lengths of surface raceway to building structure enough to complete
desired cirecuit using clips, clamps, coupling, etec., designed for sighting being
instalied.

Install eireuit conductor in raceway.

Make wiring connections using terminals or conneectors suitable for
conditions encountered.

Install all cover plates.

Turn power on.
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 124
TASK: Connect 120/240 circuits to circuit breaker panel using nonmetallic eable.

STANDARD OF PERFORMANCE OF TASK: Cables must enter panel through
approved type connectors. Cireuit conductors must be attached to correct size
breaker.

SOURCE OF STANDARD: Tennessee Writing Team.

CONDITIONS FOR PERFORMANCE OF TASK:

1. Cables in circuit breaker panel for 120/240 bolt circuits
2. The basie tool kit

3. Installation/electrical materials.

ENABLING OBJECTIVE(S):
1. Seleet and use electrical tools for the task.
2. Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Article 240.
Mullin, Electrical Wiring (Residential), pp. 254-255.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for connecting 120/240 volt
circuits to cireuit breaker.
2. Explain the location requirements for circuit breakers.
3. Show how to connect conductors to eircuit breakers,
4, Discuss installation procedures for circuit breakers.
5. Demonstrate the installation of the eircuit breaker.

CRITERION REFERENCED MEASURE:

Questions:

1. Installations in dwellings normally use ______ circuit breakers.

2. Circuit breakers shall be trip free so that even if the handle is held in the ON
position, the internal mechanism will trip to the ______ position.

3. _____ single pole breaker(s) or ________ double breaker(s) is(are) used to
control a 240 volt circuit,

Answers:

1. Thermalmagnetic

2. OFF

3. 2,1

PRACTICAL APPLICATION:

Conneet 120/240 ecircuits to ecircuit breaker panel using nonmetallic cable
following the National Electrical Code Standard.
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PERFORMANCE OBJECTIVE V-TECS 124 (Continued)

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 124 to determine if the asitnment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

1-

zi
i 3.

Locate installation point.

Turn power off.

Determine that power is off by checking conductors at points  of
connection(s) with voltage tester.

Determine that cables have entered box through approved connector.
Remove outer jacket from each cable back to point just inside box where
cable enters box.

Identify each cable as to eircuit it is to serve.

Identify conductors in each cable. In two wire cables that are to sive 240
volt cireuits, the white wire must be taped or painted some othe color,
usually red.

Connect all bare or green grounding conductors to grounding terminal bar.
For 120 volt circuits, conneet white conductors to neutral bar.

Connect all 120 volt circuits to single pole breaker of the correct ampaeity.
Connect all 240 volt eircuits to double pole breaker of the correect ampaeity.
Using multimeter, check each circuit for shorts and grounds.

If all eireuits have been connected, attach cover to panel.

Turn power on.

Check each cireuit..
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 124 EVALUATION

PERFORMANCE TEST FOR CONNECTING 120/240 CIRCUITS TO CIRCUIT BREAKER
PANEL USING NONMETALLIC CABLE

Student's Name

DIRECTIONS TO STUDENT:

DIRECTIONS TO EVALUATOR:

Date

Connect 120/240 circuits to circuit breaker panel
using a nonmetallic cable. Follow the National
Electrical Code Standard and use the checklist below.

Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficiency level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Prepared conductors for connection to breaker. . .

2. Selected correct size breaker and type. _ -

3. Prepared breaker for connections. . ,

4. Proper connections performed. i e

5. Checked breaker for proper operation. _ -

7. Made a list of materials used. —

8. Cleaned up work area.

6. Performed proper troubleshooting techniques.

9. Followed all safety procedures. ] —_—

APPROVED: Yes

No _

Evaluator's Signature

Date
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES
PERFORMANCE OBJECTIVE V-TECS 125
TASK: Make fixture splice.

STANDARD OF PERFORMANCE OF TASK: Splice must be made in outlet box
using connectors or other means suitable for the fixtures being installed. Splice
must be mechanically strong and insulated electrically to withstand applied
voltage. The splice must meet the requirements as outlined by the National
Eleetrical Code (Article 410-11, 410-23, and 410-32) and the loecal authority having
jurisdietion.

SOURCE CF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 269, 274.

CONDITIONS FOR PERFORMANCE OF TASK:
1. A power source

2. The basie tool kit

3. Installation/electrieal materials.

ENABLING OBJECTIVE(S):
1. Select and use electrical tools for the task.
2. Interpret blueprint drawings.

RESOURCES:
National Eleetrical Code, 1984, Article 402.
Mullin, Electrical Wiring (Residential), p. 9.

TEACHING ACTIVITIES:
1. Discuss National Electrical Code requirements for connecting wiring for
light fixtures.

2. Explain the difference in the neutral and the hot conductors.
3. Show how to connect conductors to the fixture.

4, Discuss installation procedures for the fixture.

5. Demonstrate the installation of the light fixture.

CRITERION REFERENCED MEASURE:
Questions:
1. Fixture wires shall be of the type listed in Table ___ of the National
Electrieal Code.
2. Fixture wires shall not be smaller than Number -
3. The fixture wire that is intended to be used as a grounded conductor shall be
identified by means of ______or colored insulation.

Answers:
1. 402-3
2. 18

3. Stripes
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DUTY: TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES

PERFORMANCE OBJECTIVE V-TECS 125

TASK: Make fixture splice.

STANDARD OF PERFORMANCE OF TASK:

Splice must be made in catlet box

using connectors or other means suitable for the fixtures being installed. Splice
must be mechanically strong and insulated electrically to withstand applied

voltage.

The splice must meet the requirements as outlined by the National

Electrical Code (Article 410-11, 410-23, and 410-32) and the local authority having
jurisdietion.

SOURCE OF STANDARD:
Tennessee Writing Team.
National Electrical Code, pp. 269, 274.

1.
2;
3§

A power source
The basic tool kit
Installation/electrical materials.

ENABLING OBJECTIVE(S):

1i
Zi

Select and use electrical tools for the task.
Interpret blueprint drawings.

RESOURCES:
National Electrical Code, 1984, Article 402.
Mullin, Electrical Wiring (Residential), p. 9.

TEACHING ACTIVITIES:
Discuss National Electrical Code requirements for connecting wiring for

li

O s B N

light fixtures.

Explain the difference in the neutral and the hot conductors.
Show how to connect conductors to the fixture.

Discuss installation procedures for the fixture.

Demonstrate the installation of the light fixture.

CRITERION REFERENCED MEASURE:
Questions:

1,

2?
3i

Fixture wires shall be of the type listed in Table
Electrieal Code.
Fixture wires shall not be smaller than Number .

_of the National

The fixture wire that is intended to be used as a grounded conductor shall be

identified by meansof ________ or colored insulation.

Answers:

li
gi
3i

402-3
18
Stripes
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PERFORMANCE OBJECTIVE V-TECS 125 (Continued)

PRACTICAL APPLICATION:
Make a fixture splice following the National Electrical Code Standard.

METHOD OF EVALUATING PRACTICAL APPLICATION:
Use the Checklist for Performance Objective 125 to determine if the assignment
was completed with at least an 80 percent accuracy.

PERFORMANCE GUIDE:

li
2.
3!

4?
5‘,
6?

7.
8.

Locate installation point.

Turn power off.

Determine that power is off by checking conductor(s) at the point of
connection(s) with voltage tester.

Determine wiring connection to be made observing polarity.

Remove approximately three-fourths inch of insulation from each conduetor.
Connect fixture wires to cireuit conductors using wire nut or other approved
connector.

Check connection for mechanical strength by pulling on each conductor.
Tape or otherwise insulate connection to withstand applied voltage.
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 125 EVALUATION

PERFORMANCE T

EST FOR MAKING A FIXTURE SPLICE

Student's Name

DIRECTIONS TO STUDENT:

DIRECTIONS TO EVALUATOR:

~ Date

Make a fixture splice following the National
Electrical Code Standard using the checklist below.

Observe the student. Pay close attention to the items
to be evaluated. The student is to complete the task
in a reasonable amount of time as would be required
on the job. Mastery will be determined with an 80
percent proficieney level on the checklist.

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory

1. Prepared conductors for connection to fixture. . -

2. Selected correct size wire nuts to join con-

ductors together.

3. Prepared fixture for installation. ) 3 _ _

4. Proper connections performed. - _

5. Checked fixture for proper operation. - _ o

6. Performed proper troubleshooting techniques. _ . _ .

7. Made a list of materials used, e _

8. Cleaned up work area.

9. Followed all safety procedures. -

APPROVED: Yes ____ No

Evaluator's Signature
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CROSS-REFERENCE OF DUTIES, TASKS AND

PERFORMANCE OBJECTIVES




APPENDIX A

CROSS-REFERENCE TABLE OF DUTIES,
TASKS, AND PERFORMANCE
OBJECTIVES

The purpose of this table is to cross-reference changes made since compiling the
original task inventory and completing the survey of incumbent workers. The
information contained in the Cross-Reference Table is described below. The
information is intended primarily for use in computerizing the catalog of performanee
objectives and performance guides for retrieval by various educational audiences.

1. * By a Task Number, indicates a performance
objective was nat written; however, stanine
values appear under the Dietionary of

(See No. 4 below regarding stanine value(s).)

2. (XXX) With Task Numbers indicate tasks that were
combined to generate a performance objective.
Example: A3 (A4). All combined tasks must
be ecommon to the same DOT code.

3. Duties, tasks, and stanine values by DOT to be
ineluded in the'Cross~-Reference Table of
Duties, Tasks, and Performance Objectives are
to be taken from the Task Worksheets.

4, Stanine values are assigned by individual DOTs
to indicate the relative amount of time spent
performing the tasks which were converted to
objectives. Stanine values range from nine
(most amount of time spent) to one (least
amount of time spent). Percentages of tasks
by time spent which correspond to each stanine
value are as follows:

Cumulative Percent Stanine Valueg
of Total Tasks

cooo
—
=
a
o CL :
| et i
" ) :
o
Ll By e N T T

Total
Percent 100.00




CROSS-REFERENCE TABLE OF

Project Code: 3111
OE Code: 17.102 Electricity
DOT Ceode: 824.261-010 Electrician (E)
829.684-022 Electrician Helper (EH)
85 Respondents
E. E.H.
Duty/Task P.0O./ Stanine Stanine
Page Values Values
Number Time Spent Time Spent
A. Computing service loads

01 Balance the total load per
phase. (Balance the total 7
load per leg). 1/10 5 4

02 Calculate individual eircuit

load. (Calculate individual

eireuit loads). 2/12 6 4
03 Compute the size of service

entranee conductors. 3/14 5 4

04 Determine how many eonvenience
and appliance outlets should be
on each separate circuit. 4/16 6 5

B. Installing electrical environmental
control components.

01 Connect/install baseboard heat
unit. (Connect baseboard heat
unit). 5/19 5 6

02 Connect ceiling heat eable to
thermostat. (Connect ceiling

heating cable). 6/22 4 4
03 Connect central electric heat. 7/24 6 6
04 Connect furnace motor. (Con-

nect furnace motors). 8/27 5 4
05 Connect/install gas or oil

fired heating unit. (Connect

gas fired heating units). 9/30 5 4
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Duty/Task P.O./ Stanine Stanine
Page Values Values
Number Time Spent Time Spent

Duty B continued

06 Connect line voltage thermo-
stat. (Connect line voltage
thermostat). 10/33 5 5

07 Connect low voltage thermo-
stat. 11/36 5 5

08 Connect/install wall heater.
{Connect wall heater). 12/39 5 6

09 Install ceiling heat ecable. 7
(Install ceiling heating cable). 13/42 3 5

c. Installing lighting fixtures.
01 Install/eonnect fan controlled
by switeh. (Conneet fan con-
trolled by switch). 14/486 7 8

02 Connect/install flood lights.
(Connect flood lights). 15/49 6 6

03 Connect/install lighting dimmer
system. (Connect fluorescent
lighting fixture dimmer). 16/52

Ly
W

04 Install/connect heat-a-vent
light (connect heat-a-vent 7
light). 17/55 6 6

05 Connect/install light fixture.
(Connect light fixtures). 18/58 9

w

06 Install/connect photo-electrie
control on a light. (Connect

photo-electric econtrol on a
light). 19/61 7 5

07 Connect/install post lights.
(Connect post lights). 20/64 6 5

08 Install/connect power failure
lighting, (Connect power failure
lighting). 21/67 5 7

&
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Duty/Task P.O./ Stanine Stanine
Page Values Values

Number Time Spent Time Spent
Duty C continyed
09 Install/econnect moisture resis-
tant fixtures. (Install moisture
resistant fixtures). 22/70 5 7

10 Install/connect pilot light
to show when appliance is on.

(Install pilot light). 23/73 4 5
D. Installing service entrance
01 Ground service entrance equip-
ment. 24/77 7 6
02 Install circuit breakers in 7
panel. 25/79 9 9

03 Install main service panel.
(Install distribution panel
board). 26/81 9 7

04 Install mast-type (through the
roof) service entrance. 27/83 7 6

05 Instail main service disconneet.
(Install master switeh). 28/85 6 5

06 Install/connect mobile home
service. (Install mobile home
service). 29/87 5 4

07 Install service entrance eable
to service drop. (Install ser-
vice entrance cables to service

drop). 30/89 5 5
08 Install temporary service

entrance. 31/91 6 6
09 Install underground service

entrance. 32/95 6 5

o]

Installing switeh boxes and outlet
boxes

01 Install (bar-hanger) mounted
box, 33/98 6 7




Duty/Task P.O./ Stanine Stanine
Page Values Values

Number Time Spent Time Spent
Duty E continued

02 Install flush mount junetion
box. 34/101 7 9

03 Install flush mount switch
“and outlet box in a drywall,
lath or plaster wall, or
paneled wall. (Install flush
mount switch and outlet box in

a drywall). 35/103 8 9
04 Install flush mount switeh and 7

outlet boxes in a masonry wall. 36/106 9 9
05 Install gangable boxes. 37/109 7 7
06 Install octagon outlet box. 38/111 8 8

07 Install outlet boxes for
receptacles and switches in
existing wall. (Install
receptacles and switches in old
wall). 39/113 7 8

08 Install recessed fixture housing
in ceiling. (Install recessed

fixture box in ceiling). 40/116 8 7
09 Install surface mount junction

box. 41/118 8 8
10 Install underground, watertight,

cast iron box. (Install water- -

tight, cast iron box underground). 42/120 5 4

F. Maintaining existing wiring.

01 Diagnose/repair fluorescent

fixture. (Repair fluorescent

fixture). 43/123 7 8
02 Diagnose and repair/replace

lights. (Repair lights). 44/126 8 8
03 Repair/replace relays and

timers. (Repair relays and

timers). 45/129 5 4
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E. E.H.

Duty/Task P.O./ Stanine Stanine
Page Values Values

Number Time Spent Time Spent
Duty F continued

04 Repair water heater. (Repair
water heaters). 46/131 5 5

05 Install and maintain emergency
lighting. (Repair/replace
emergency lighting). 47/135 4 4

06 Repair or replace frayed
service cords. (Repair/replace

frayed service cords). 48/137 4 6
07 Replace existing interior load

center (Replace an existing in-

terior load center). 49/139 6 5
08 Replace cable. 50/141 6 5
09 Replace circuit breakers. 51/143 7 8
10 Replace existing receptacle

or switch. (Replace existing

receptacle and switeh). 52/145 8 8
11 Replace fuses. 53/147 6 8
12 Replace grounding electrode

conductor. 54/149 4 4
13 Replace pilot light bulb. 55/151 4 4
14 Replace service entrance. 56/153 7 5
15 Replace transformer. (Replace

transformers). 57/1517 4 6
16 Service eleetric motors. 58/199 4 4
17 Test for correct voltage. 59/161 6 6
18 Troubleshoot a branch eircuit. 60/162 8 6

G. Operating business t

01 Develop employee work schedules. 61/166 3 2
02 Develop/maintain filing system. 62/168 2 2
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Duty/Task P.O./ Stanine Stanine
Page Values Values
Number Time Spent Time Spent
Duty G continued
03 Establish and record pay seale
and benefits for employees.
(Establish and record pay scale 7
and benefits for workers). 63/170 2 1
04 Estimate cost of job. 64/172 4 1

05 Terminate employee. (Fire
workers). 657174 2 2

06 Hire employee. (Hire workers). 66/176 2 1
07 Maintain time records. 67/178 3 3
08 Negotiate credit. 68/180 3 1
09 Obtain insurance. 69/182 3 2
10 Prepare payroll records. 70/184 2 2
11 Take inventory of materials and

tools. (Take inventory of
material and tools). 71/186

e
%]

. Roughing in feeders, braneh cireuit
cables, and eircuits.

01 Rough in 120 or 240 volt cir-
cuits to distribution panel using
non-metallie sheathed cable,
(N.M.C.). (Connect 120 volit
eircuits to eireuit breaker
panel using non-metallie
sheathed cable). 72/189 7 7

02 Rough in armored eable to out-
let box. (Install armored cable
to outlet box). 73/191 4

o

03 Rough in cable between an
existing box and newly in-
stalled box. (Install eable
between an existing box and new-
ly instalied box). 74/194 6 7




Duty/Task

Duty H continued

branch circuits. (Install cable
or conduit for branch cirecuits).

05 Rough in the cireuit for a
device controlled by two three-
way switches with feed to the
switeh box. (Install device
controlled by two three way
switches with feed to the
switch box).

06 Rough in the eireuit for g de-
vice eontrolled by two three-
way switches with feed to the
device outlet box. ((Install
device controlled by two three-
way switches with feed to the
light box).

07 Rough in the eircuit for a
device controlled by two three-
way switches and one four way
switeh (with feed to a three-
way switch). Install device
controlled by two three way
switches and one four way
switeh with feed to a 3-way
switeh).

08 Rough in the eircuit for a de-
vice controlled by two three way
switches and one four way switch
with feed to the device. (Install
device controlled by two three-
way switches and one four way
switeh with feed to the light).

09 Rough in the ecireuit for a de-
vice eontrolled by two three-
way switches and two four way
switches with feed to a three-
way switch. (Install device
controlled by two three way
switches and two four way
switches with feed to a 3-way
switeh).

34
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Page
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75/197

76/200

77/203

78/206

79/209

80/212

E.H.

Stanine

Values
Time Spent
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Stanine

Values
Time Spent



Duty/Task p.0./ Stanine Stanine
Page Values Values

Number Time Spent Time Spent
Duty H continued
10 Rough in the eireuit for door
chime system. (Install door

chime system). 81/215 6 6

11 Rough in the circuit for inter-
com system. (Install intercom

system). 82/218 5 4
12 Rough in line voltage thermostat

wiring. (Install line voltage

thermostat wiring). 83/220 5 5

13 Rough in low-voltage thermostat
wiring. (Install low-voltage

14 Rough in non-metallie eable in
outlet boxes. (Install non-
metallic eables in outlet boxes). £5/225

=]
n ]

15 Rough in duplex receptacles
- eireuits with two three way
switehes controlling one-half
of each of two duplex receptacles.
(Install receptacles with two-
three way switches eontrolling
one half of two receptacles.) 86/228 5 5

16 Rough in cables for single pole
switeh controlling one or more
lights or devices with feed to a
switeh box. (Install singie pole
switch eontrolling one or more
lights/devices with feed to a
switeh box). 87/231 7 6

17 Rough in eables for single pole
switch contirolling one or more
lights /devices with a feed to
the light/device box. (Install
single pole switeh controlling
one or more lights/devices with
a feed to the light box). 88/234 7 7
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D--uty/Task P.O./ Stanine Stanie
Page Values Valuse=s
Number Time Spent Time SSpent

Duty Heontinued

1§ Rough in cireuit for a single
pole seawitch controlling three
lights «-or devices with feed to
the ene=d light device box.
(Instal=1 single pole switch
contro ~-1ling three lights or
devicez-s with a feed to the end
light beox). 89/237 6 5

1§ Rough in a eireuit for a split
eircuit— duplex receptacle.

recepts=acle). 90/240 5 5

2 Rough in eircuit for two three-
way s itches controlling one de-
vice usss=ing conduit and 4" square
boxes wanith plaster rings.
(Install _ two three way switches
controE® ling one device using
conduit® and 4" square boxes with
plaster - rings circuitry and
boxes). 91/242 6 5

21 Install s—ronduit underground.
(Install underground conduit). 92/244 9 9

2! Rough E3n direct burial eable.
(Install underground direct
burial ce==able). 93/246 6

(4]

2} Make jcoint using erimp type
connec®=Xors (splices). Make
joints uz:sing erimp type con-
nectors. = (splices). 94/249 5 6

2¢ Make p&=gtail splice (joint). 95/251 6 8
25 Make sp—olices using mechanical-

type commnectors (split bolt

connect—ors, lugs, and wire nuts). 96/253 9 9
26 Rough iz= a single pole switeh

cireuit.  (Rough in a single pole
switeh)., . 97/255 8 8
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E. E.H.
Duty/Task - p.Q/ Stanine Stanine
Page Values Values
Number Time Spent Time Spent

Duty H eontinued
27 Run feeder cabsele from main
service panel tco auxiliary
panel. (Run feee=der cable from 7
main panel to a:= uxiliary panel). 98/258 7 ]
I Trimming out (finisting) electrical
devices and applianc=es.
01 Install/connect automatic garage
door operator.  (Connect auto-
matiec garage door operator). 99/262 5 4

02 Connect de-ici=ag equipment. 100/264 2 3
03 Connect door ¢EBhime system. 101/266 5 6
04. Connect/install duplex

receptacie outle=ts. (Connect
duplex receptac=1es). 102/268

[au)
[7=]

05 Connect/install elegtric fence
charger. (Conne=ect electric
fence charger). 103/271 2 2

06. Connect/install emergency warn-
ing system (burgrlar or fire).
(Connect emerg-~ency warning
system, burglar or fire). 104/273 5 8

07 Conneet/install Ffour wire 220
volt receptacle. (Conneect four
wire 220 V rece—tacles). 105/275 5 6

08 Install/connect g==round fault
interrupting dev>ice. (Connect
ground fault inte=rrupting de-
vice). 106/278 7 7

09 Install/connect l=aot water heater.

{(Connect hot wa—ter heater). 107/281 8 7
10 Connect/install Bhumidity control

device. (Connec -t humidity con-

trol device). 108/283 4 3

&
>

11 Connect intercor=n system. 109/285
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Duty/Task P.O./ Stanine Stani Ene
Page Values Valu mes

Number Time Spent Time Spent
Duty I eontinued
12 Connect low-voltage lighting
control. (Connect low voltage

lighting controls). 110/287 4 4

13 Conneect moisture resistant
receptacle. 111/289 5 5

14 Install/connect photo-eleetric
cell control. (Connect photo-

electric cell control). 112/291 6 5
15 Connect recessed fixture box in

ceiling. 113/293 8 7
16 Connect single pole switch. 114/295 9 3

17 Connect/install single pole
switeh with pilot light. (Con-
nect single pole switch with

pilot light). 115/298 5 5
18 Connect split eircuit duplex

receptacle. 1167301 5 5
19 Connect/install three wire 220

volt receptacle, (Connect three

wire 220 V receptacles). 117/304 7 6
20 Connect/install delayed action

or time switech. (Connect timer

or delayed switeh). 118/307 5 4
21 Connect water pump motor. 119/309 4 4
22 Connect wires from junction box N 7 7

to appliance. 120/311 6 7
23 Connect/install three way

switches. (Connect 3-way

switches). 121/313 8- 6
24 Connect/install four way

switches. (Connect 4-way

switches). 122/318 6 6




Duty/Task

Duty I comntinued

25

26

21

Install surface raceway.
(Install surface raceways).

Connect 120/240 circuits *o
circuit breaker panel using
non-metalliec cable. (Install
120 volt eircuits to eircuit
breaker pane! using non-
metallic sheathed eable).

Make fixture splice.

P.O./
Page
Number

123/319

124/321

125/324

E. £l

Stanine St anhe
Values V alisg

Time Spent  Timehent
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APP_ENDIX B
DEFINITICON OF TERMS

Basic 7wl Kit: A colgulon of tools developed from the occupational inventory
equipm efand tooER Jist, Wir to Appendi—x A.

Catalogi A compmeehensi wwllection of performance objectives, performance guides,
and relid dats w<organimiby a job str—ucture or career ladder within a domain of
interest.

Consorgiii: A greup of dile agencies, immnstitutions, or other entities which have been
legally wstituted® througletters of commnmitment, agreements, or by assignment of
higher ailforities t=o work:lgether toward > the solution of problems in education.

Domgit: A group e f rejat.ejb titles.

of Occupational Titles, U.

D.O.T- Cie: A nizme-digitunber assigne~d in the Dictionary ¢ ¢
S. Depauinent of Leeabor, wiiised to identi—fy a specifie job within a given domain.

Duty: Anijor segmrnent Of wrk comprisingss related tasks.
dob: A gup of tas=sks perdimed by a job imncumbent.

Occypatiml Areas= A gropof jobs that eare related on the basis of required skills and
knowledp,

Occupagiml Inven—tory (Muinventory Bo—oklet): A survey instrument containing tasks
perforMeeily job inmcumbeaiwith D.O.T.s, complete with background information and a
list of toliand equuss ipmeng, _

Occupatiml Supve: The pieedure for ecollecting data to identify the duties and tasks
that cOmise one c>r more fis, job types, wor career field ladders, for the collection and
analysis dinformatEion ¢Opuning such dut-ies.

Performgee-Bagsed  Instrueglin: Instructioms whieh, when properly designed and applied,
results dnthe learrmer's demnstration of certain abilities. The desired abilities are
selecteq wfore these instrufon is design:ed and are clearly defined as observable
perforMaie object—ives, NV-TECS eatal-sogs, the abilities are primarily psychomotor
but mightilso inclu—de coBpile and affectE= ve behaviors. This type of instruetion is also
referred his comp-etency-ied instructiosn.

Perform are Guide (PG): hseries of stepss, arranged in a sequence ordinarily followed
which, wincomple--ted, Mgjnsult in the peerformance of a task.

Performgue Object—ive (PO A statement in precise, measurable terms of a particular
behavior hibe exhibme ited by ikarner under ==pecified conditions.

Project: Ioccupa  tiongl gimin area sele—cted by a V-TECS member state for catalog
developtait based wpon thel. S. Departexnent of Labor's Dictionary of Occupational
Titles (D,01.),
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Stanine Values: Te stanine is a rat - ing scale of 1 - 9 which provides for a distribution o5:f
items across a mmerical range as:z:signed to the items. Stanine values are computecs3
using the followiy caleulations:

w.

-
1=

Stanins e Value

*

17
20 Middle
17
12

7

4 Bottom
Range 1 - S8 100% Total

-G 3 e G T 3 PR R

tate the-Art(0A) Study: Resemearch conducted to determine the current status of =
performance-basinstructional ma—terials and practices in the domain area under study —
and to obtain othrinformation that  might be useful in catalog development.

State-of-

Target Populatiafes applied to dissssemination activities): The sub-set(s) of a systemn or =
systems for whonwm improved prodiziet or process is designed for purposes of adotion,

A. Primary Tiget Population — The principal users of an improved produet or
produets,

B. Secondaryfirget Population - All the other sub-sets of a system who wold net
be clasSifil as principal usssers but who would be directly involved in the
disseminatin or diffusion/ademeption process.

Task: A unit orwork activity wh=ich constitutes logical and necessary steps in the
performance of iduty. A task Emas a definite beginning and ending point in its
accomplishmentsid generally consi==sts of two or more definite steps.

Task Analysis: “Thtprocess of reviewawving elements of a job for the purpose of improving
training programuntent across prog=—ram levels of voeational-technical education.

Task Time-Spendidex: An index o#f relative time-spent on each task within adomain
of interest and apearing on a task list. The task time-spent index is computed from
scientifically sefated samples of ine=umbent workers who respond to task listings

Writing Team: Alam of people repmresenting instructors with subject matter expertise,
local or state supvisors in the doksmain being developed, workers, and supervisors of
incumbent worke whose funetior=a is to analyze occupational data and develop
performance objetive for specific Do O.T. areas.
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APPENDIX C

EQUIPMENT BY PERCENTAGE RATING

Percentage of Members  Number of Members
Using — Using

Saw, hack 100.00 85.
Serewdriver, Phillips 100.00 85.
Drill, electric 98.32 84.
Extension cord ©5.82 84.
Flashlight 98.82 84.
Knife, electrician 98.82 84.
Ladder, step 98.82 84.
Screwdriver, flat 98.82 84.
Wire strippers 98.82 84.
Conduit bender; electrical

Metallie tubing 97.65 83.
Liadder, extension 97.65 83.
Wrench set, allen 97.65 83.
Bit, masonry 96.47 82.
Cutters, knockout 96.47 82.
Cutters, wire 96.47 82.
Pliers, needle nose 96.47 82.
Anchor set 94.12 80.
Level, small 94.12 80.
Saw, keyhole 94.12 80.
Socket set 94.12 80.
Tool pouch and belt 94,12 80.
Conduit bender, rigid 92.94 79.
Cutters, cable 92.94 79.
Tape reel and puller, steel fish 92.94 79.
Code book 91.76 78.
Drill, star 91.76 78.
Hammer, sledge 90.59 117.
Pliers, diagonal 89.41 76.
Pliers, lineman 89.41 76.
Rule, extension tape 89.41 76.
Rule, folding 89.41 76.
Bit, hole saw 88.24 75.
Chisel, cold 88.24 75.
Conduit, threading set 88.24 75.
File, flat 88.24 75.
Scaffolds B7.06 74.
Ammeter 85.88 73.
Extension light 85.88 73.
Hammer, claw . 85.88 73.
Nut driver 85.88 73.
Wrench, pipe 84.71 T2.
Hammer, power rotary 83.53 71.
Puneh, knockout 83.53 71
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Percentage of Members Number of Members
Equipment Description — Using =~ Using

Wreneh, combination open-end set 83.53 71.
Cutter, pipe 82.35 70.
Punch, center 82.35 70.
Vise, pipe 80.00 68.
Cutter, tinsnips 77.65 66.
Hat, hard 77.65 66.
Chalkline 76.47 65.
Crimper, terminsal 76.47 65.
Bit, twist 75.29 64.
Chisel, wood 74.12 63.
Crimper, Splicecap 71.76 61.
Screwdriver, self-holding 71.76 61.
Hammer tool, drive pins 70.59 60.
Threader, portable power 70.59 60.
Reamer, pipe 69.41 59.
Tap, bolt 69.41 59,
File, rattail 68.24 58.
Cutter, bolt 67.06 57.
Goggles, safety 67.06 57.
Hammer, ball peen 67.06 57.
Tap and die 67.06 57.
Bit, extension 65.88 56.
Gage, American Standard wire 63.53 54.
Multimeter 63.53 54.
Pliers, visegrip 62.35 23.
Awl, metal 61.18 52.
Brace 61.18 52.
Hammer, electrieian 61.18 52.
Hammer, 5 1b. shop - 61.18 52.
Plumb bob 61.18 52.
Vise, regular 61.18 52.
Bit, serewdriver 60.00 51.
Pliers, high leverage end cutting 60.00 51.
Saw, reciprocating 60.00 51.
Shears, sheet metal 60.00 51.
Soldering toreh 60.00 51.
Pliers, chain nose 58.82 50.
Puller, fuse 58.82 50.
Wire brush 58.82 50.
Bit, single-twist 55.29 47.
Saw, hand 55.29 47.
Tap, pipe 55.29 47.
Staple gun 52.94 45.
Bit, ship-auger 51.76 44,
Chisel, cape 50.59 43,
Wrecking bar 50.59 43.
Wrench, wire nut 50.59 43.




EQUIPMENT BY PERCENTAGE RATING

7 Percentage of Member Number of Members
Equipment Description —_ Using ____Using

Square, combination 49.41 42,
Cutter, armored-cable 47.06 40.
Reamer, tapered 47.086 40.
Wrench, lever jaw 45.88 39.
Awl, wood 44.71 38.
Bit, expansive 43.53 317.
Bit, spade-type 43.53 37.
Blow toreh 41.18 35.
Pliers, combination or gas 40.00 34.
Auger, rafting 38.82 33.
Fixture, joist-drilling 36.47 31.
Ground fault interrupter, portable 35.29 39.
Chisel, utility 34.12 29.
Bit, solid-center carborundum 32.94 28.
Ripper, cable 32.54 28.
Bit, machine spur 25.88 22,
Bit, bellhanger drill 24.71 21.
Chisel, diamond point 24.71 21.
Thisel, framing 23.53 20.
Bit, uni-spur 21.18 18.
Bit, multi-spur pipe 20.00 17.
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APPENDIX D
BASIC TOOL KIT

Allen wrench set, large
Awl, metal
Bolt cutter, small
Chisel, wood
Crimper, terminal
Drill, #" electric
Drill, 3/4" or 1" electric
File, rattail
Hack saw
Hammer, claw
Hat, Hard
Hole saw set
Knife, electrician
Level - torpedo (pocket) 8"
Multimeter - volt ohm, rpm's.
Nut driver
- Pliers - slip joint 10"
Pliers, diagonal
Fliers, lineman
Pliers, needlé nose
Puller, fuse
Rule, folding
Screwdriver, flat - 4", 6", 8", 12" - plastic handle
Serewdriver, Phillips - 4" and 6"
Tool pouch and belt
Wire strippers
Wrench, adjustable 8" and 2-16" pipe
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SOURCES OF STANDARDS

1. Tennessee Writing Team. Consensus of writing team composed of incumbent
workers, supervisors and educators.

2. National Electricsl Code. Boston, Massachusetts: National Fire Protection
Assoeiation, 1980.
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