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FOREWORD

Commercial and Industrial Wiring is the third in a series of three wiring publications and
includes the additional technical knowledge and applications required for job entry in the
commercial and industrial wiring trade.

Basic Wiring, the first publication in the series, serves as the foundation for students enrolled
in a wiring program. It is a prerequisite to either Commercial and Industrial Wiringor Residen-
tial Wiring. This series should provide the flcbility that instructors need to meet the individ-
ual needs of their students and the community.

Residential Wiring, the second publication in the series, is a revision of MAVCC's 1983 wiring
publication of the same name. This manual picks up where Basic Wiring ends and prepares
the student for entry-level employment in the residential wiring trade.

These publications were developed with the assistance of many individuals who have exper-
tise in various areas of the wiring trade. Some of these individuals represent professional
associations and industry. Their assistance and devotion to this project is greatly appreciated.
It should be emphasized that the student needs to be aware of professioral trade associa-
tions and take an active part in them as much as possible. The professional trade associa-
tions, as well as vocational education, are an excellent avenue for continuing education within
the electrical trade.

Every effort has been made to make these publications basic, readable, and by all means, usa-
ble. Three vital parts of instruction have been intentionally omitted from these publications:
motivation, personalization, and localization. Those areas are left to the individual instructors
and the instructors should capitalize on them. As these publications are used, it is hoped that
students performance will improve and that students will be better able to assume a role in
electrical wiring.

Harley Schlichting, Chairman
Board of Directors
Mid-America Vocational

Curriculum Consortium

v
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Greg Pierce
Executive Director
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USE OF THIS PUBLICATION

Instructional Units

Commercial and Industrial Wiring contains fifteen units of instruction. Each instructional
unit includes some or all of the basic components of a unit of instruction; performance objec-
tives, suggested activities for teachers and students, information sheets, assignment sheets,
job sheets, visual aids, tests, and answers to the tests. Units are planned for more than one
lesson or class period of instruction.

Careful study of each instructional unit by the teacher will help to determine:

A. The amount of material that can be covered in each class period
B. The skills which must be demonstrated

1. Supplies needed
2. Equipment needed
3. Amount of practice needed
4. Amount of class time needed for demonstrations

C. Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource people who must be contacted

Objectives

Each unit of instruction is based on performance objectives. These objectives state the
goals of the course, thus providing a sense of direction and accomplishment for the student.

Performance objectives are stated in two forms: unit objectives, stating the subject matter
to be covered in a unit of instruction; and specific objectives, stating the student performance
necessary to reach the unit objective.

Since the objectives of the unit provide direction for the teaching-learning process, it is
important for the teacher and students to have a common understanding of the intent of the
objectives. A limited number of performance terms have been used in the objectives for this
curriculum to assist in promoting the effectiveness of the communication among all individ-
uals using the materials.

Reading of the objectives by the student should be followed by a class discussion to
answer any questions concerning performance requirements for each instructional unit.

Teachers should feel free to add objectives which will fit the material to the needs of the stu-
dents and community. When teachers add objectives, they should remember to supply the
needed information, assignment and/cr job sheets, avid criterion tests.
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Suggested Activities for the instructor

Each unit of instruction has a suggested activities sheet outlining steps to follow in accom
plishing specific objectives. Duties of instructors will vary according to the particular unit;
however, for best use of the material they should include the following: provide students with
objective sheet, information sheet, assignment sheets, and job sheets; preview filmstrips,
make transparencies, and arrange for resource materials and people; discuss unit and spe-
cific objectives and information sheet; give test. Teachers are encouraged to use any addi
tional instructional activities and teaching methods to aid students in accomplishing the
objectives.

Information Sheets

Information sheets provide content essential for meeting the cognitive (knowledge) objec-
tives in the unit. The teacher will find that the information sheets serve as an excellent guide
for presenting the background knowledge necessary to develop the skill specified in the unit
objective.

Students should read the information sheets before the information is discussed in class.
Students may take additional notes on the information sheets.

Transparency Masters

Transparency masters provide information in a special way. The students may see as well
as hear the material beinr; presented, thus reinforcing the learning process. Transparencies
may present new information or they may reinforce information presented in the information
sheets. They are particularly effective when identification is necessary.

Transparencies should be made and placed in the notebook where they will t a immediately
available for use. Transparencies direct the class's attention to the topic of discussion. They
should be left on the screen only when topics shown are under discussion.

Assignment Sheets

Assignment sheets give direction to study and furnish practice for paper and pencil activi
ties to develop the knowledge which is a necessary prerequisite to skill development. These
may be given to the student for completion in class or used for homework assignments.
Answer sheets are provided which may be used by the student and/or teacher for checking
student progress.

Job Sheets

Job sheets are an important segment of each unit. The instructor should be able to demon-
strate the skills outlined in the job sheets. Procec;ures outlined in the job sheets give direction
to the skill being taught and allow both student and teacher to check student progress toward
the accomplishment of the skill. Job sheets provide a ready outline for students to follow if
they have missed a demonstration. Job sheets also furnish potential employers with a picture
of the skills being taught and the performances which might reasonably be expected from a
person who has had this training.

10
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e Test and Evaluation

Paperpencil and performance tests have been constructed to measure student achieve-
ment of each objective listed in the unit of instruction. Individual test items may be pulled out
and used as a short test to determine student achievement of a particular objective. This kind
of testing may be used as a daily quiz and will help the teacher spot difficulties being encoun
tered by students in their efforts to accomplish the unit objective. Test items for objectives
added by the teacher should be constructed and added to the test.

Test Answers

Test answers are provided for each unit. These may be used by the teacher and/or student
for checking student achievement of the objectives.



e COMMERCIAL AND INDUSTRIAL WIRING

INSTRUCTIONAL TASK ANALYSIS

JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT I: BLUEPRINT READING AND LOAD CALCULATIONS

1. Terms and definitions

2. M6chanical symbols

3. Plumbing symbols

4. Structural symbols

5. Architectural symbols

6. Electrical symbols

7. Panel, circuit, and other electrical sym-
bols

8. Types of blueprint lines

9. Typical electrical specifications

10. Minimum requirements for electrical
devices

11. Determining motor-circuit wire sizes

12. Load calculations

13. Demand factor

14. Voltage drop

15. Types of blueprints

16. Construct an electrical blueprint

17. Perform load calculations

18. Compute lighting loads

19. Derate neutral loads

20. Determine maximum numbers of con-
ductors in conduit

21. Compute voltage drop
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT II: TOOLS AND EQUIPMENT

1. Terms and definitions

2. Types of conduit benders

3. Wire termination tools

4. Wire and cable pulling equipment

5. Conduit cutting and threading tools

6. Knockout cutters

7. Power actuated tools

8. Types of excavation equipment

9. Bend, cut, ream and thread 112-inch
rigid metal conduit

10. Bend EMT stub-ups

11. Make back-to-back bends on 112-inch
EMT

12. Make offset bends on 1/2-inch EMT

13. Bend and install 1/2-inch EMT

14. Bend a three-point saddle on 1/2-inch
EMT

15. Bend a four-point saddle on 112-inch
EMT

16. Cut, ream, offset, and install connec-
tors on 1/2-inch PVC
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C
JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT III: SERVICE

1. Terms and definitions

2. NEC requirements for drop clearanc
and lateral::

3. Switch gears and disconnects

4. NEC exceptions for overcurrent
tion devices

5. Methods of determining sh
current protection

6. Grounding electrodes an

7. Service entrance devic

8. Emergency and stan

9. Procedure for bale

10. Install an overhead raceway with serv-
ice entrance conductors to a meter
base

11. Connect meter base assembly to load
center or panel

UNIT IV: TRANSFORMERS

1. Term

2. Ba

3.

4.

s

e

protec-

ort circuit

ground fault

dby systems

ncing loads

s and definitions

sic types of transformers

Diagrams of the two most commonly
used voltage systems

NEC requirements for dry type trans-
formers

5. NEC requirements for oilfilled trans-
formers

xv
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

6. NEC requirements for askarel-filled
transformers

7. Function of a buck and boost trans-
former

8. Transformer locations

9. Installation and termination of trans-
formers

10. Locate and list two exceptions on
transformer room construction for dry
type transformers

11. Locate and list two exceptions con-
cerning oil-insulated transformers

12. Draw a three-wire wye-delta trans-
former

13. Convert amperes to KVA on a three-
phase system

14. Test transformer turn ratios

15. Test transformer insulation resistance

16. Connect three transformers in a delta-
delta configuration

17. Connect transformer primary and sec-
ondary windings in a delta-wye config-
uration

UNIT V: ROUGHIN

1. Terms and definitions

2. Branch circuit and feeder installation

3. Devices used in special circuit installa-
tions
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JOB TRAINING: What the
Worker Should Be Able to Do

(Psychomotor)

7. Determine the number of conductors
allowed to be added to an existing con-
duit

8. Rough-in a wood framed wall

9. Install outlet boxes on steel rods

10. Install outle% boxes on steel studs
using caddy metal stud clips for switch

11. Install masonry boxes in a block wall

UNIT VI:

RELATED INFORMATION: What
the Worker Should Know

(Cognitive)

4. Steps for determining the number of
conductors allowed in a conduit,
based on cross-sectional area

5. Exceptions to the NEC requirements
for support of flexible metal conduit

6. Optional calculations for additional
loads to existing installations

LIGHTING

1.

2.

3.

4.

Terms and definitions

Basic types of lighting

Characteristics of incandescent light-
ing

Characteristics of flourescent lighting

5. Characteristics of high intensity dis-
charge lamps

6. Methods of calculating light

7. Calculating branch circuits and volt-
age

8. Switching systems

xvii
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

9. Locate articles in the NEC concerning
lighting requirements

10. Change a two lamp ballast in a floures-
cent fixture

11. Change sockets in a flourescent fix-
ture

12. Change an HID ballast

13. Change a quartz lamp

UNIT VII: MOTORS AND CONTROLLERS

1. Terms and definitions

2. Direct current motor theory of opera-
tion

3. Typos of DC motors

4. Single-phase motor theory of operation

5. Types of single-phase motors

6. Three-phase motor theory of operation

7. Types of three-phase motors

8. Reversing a three-phase motor

9. Typical supply voltage for three-phase
motors

10. Dual voltage schematics and terminal
connections

11. Motor problems and their typical symp-
toms

12. Remedies for motor problems
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

24. Interpret nameplate information

25. Describe remedies for common motor
problems

26. Use the NEC to answer questions
about motor control circuits

27. Distinguish between motor starters
and contactors

28. Answer questions about uses of con-
tactors and motor starters

29. Disassemble, inspect, and clean a
motor

13. Safety rules to observe when working
around motors

14. Types of contactors

15. Parts of a manual contactor

16. Electrical devices or circuits controlled
by contactors

17. Types of motor starters

18. Types of magnetic motor starters

19. Uses of magnetic motor starters

20. Comparison of parts in magnetic con-
tactors with parts in magnetic motor
starters

21. Reasons a contactor cannot be used to
control a motor

22. Purposes of a coil assembly

23. Parts of a coil assembly

xix
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Wcrker Should Know

(Psychomotor) (Cognitive)

30. Identify run, common, and start termi-
nals on a hermetically sealed motor

31. Test capacitors with an ohmmeter

32. Wire a three-phase motor for dual volt-
ages

33. Perform maintenance on a magnetic
motor starter or contactor

UNIT VIII: ELECTRICAL DIAGRAMS AND SYMBOLS

1. Terms and definitions

2. Characteristics of wiring diagrams

3. Characteristics of ladder diagrams

4. Characteristics of one-line diagrams

5. Wiring and ladder diagram symbols

6. Major steps in constructing a ladder
diagram

7. Construct a basic ladder diagram

8. Identify electrical symbols in a wiring
diagram

UNIT IX: TWO AND THREE WIRE CONTROLS

1. Terms and definitions

2. Typical two-wire pilot devices

3. Advantages of twowire controls

4. Basic rule for threewire controls
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JOB TRAINING: What the
Worker Should Be Able to Do

(Psychomotor)

8. Complete a ladder and a wiring dia-
gram of a two-wire control using a ther-
mal switch

9. Draw a ladder diagram of a three-wire
control with an "on" indicating pilot
fight

10. Draw a ladder and a wiring diagram of
a three-wire control with an "off" indi-
cating pilot light

11. Determine the number and size of con-
ductors needed to operate a two-wire
control system

12. Determine the number and size of con-
ductors needed to operate a three-wire
control system

13. Wire a two-wire control

14. Wire two float switches to operate a
starter (series connection)

15. Wire two float switches to operate a
starter (parallel connections)

16. Wire a pressure switch to operate a
starter with "on" and "off" pilot lights

17. Wire a three-wire control system

18. Wire a multiple station three-wire con-
trol

19. Wire a multiple station three-wire con-
trol with "on" and "off" pilot lights

RELATED INFORMATION: What
the Worker Should Know

(Cognitive)

5. Advantages of three-wire controls

6. Operation of a two-wire control system

7. Operation of a three-wire control sys-
tem



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT X: SEPARATE CONTROL CIRCUITS

1. Terms and definitions

2. Reasons for separate control circuits

3. Applications for separate control cir-
cuits

4. Sources of separate control circuits

5. Typical control transformer schemat-
ics and their voltage ratings

6. Necessary changes that must be made
to a starter when using a separate con-
trol circuit

7. Read and interoret ladder diagrams
using separate control circuits

8. Answer questions dealing with control
circuits

9. Determine the size and number of con-
ductors needed to opmte a separate
control circuit

10. Wire a relay and a load with a separate
control circuit

11. Wire a three-phase starter to operate
by a separate control circuit

UNIT XI: SEQUENCE CONTROL

1. Terms and definitions

2. Purpose of sequence control

3. Advantages of sequence control

4. Uses of sequence control
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0 JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

5. Purpose of auxiliary contact interlcck-
ing

6. Advantages of auxiliary contact inter-
locking

7. Uses of auxiliary contact interlocking

8. Answer questions related to a
sequence control diagram

9. Answer questions related to an auxil-
iary contact interlocking diagram

10. Wire two starters in sequence

11. Wire two starters with auxiliary con-
tact interlocking

UNIT XII: JOGGING CONTROLS

1. Jogging

2. Methods of jogging control

3. Advantages of jogging control

4. Sequence of operation of three ladder
diagrams

5. Convert three ladder diagrams to wir-
ing diagrams

6. Determine the number of conductors
needed to operate jogging controls

7. Wire a jog through a lock-stop push
button

8. Wire a jog through a twoposition
selector switch

9. Wire a jog through a two-circuit push
button

10. Wire a jog through a control relay
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT XIII: REVERSING STARTERS

1. Terms and definitions

2. Types of reversing starter construction

3. Types of interlocking methods for
reversing starters

4. Types of drum controls

5. Drum switch diagram

6. Describe the sequence of operation of
ladder diagrams

7. Determine the number of conductors
needed to operate a reversing control

8. Wire a reversing starter with a three-
position selector switch

9. Wire a reversing starter with one con-
trol station using auxiliary contact and
mechanical interlock

10. Wire a reversing starter with one con-
trol station using push button interlock
and auxiliary contact interlock

11. Wire a reversing starter with two con-
trol stations

12. Wire a drum switch

13. Wire a reversing starter with jog in both
directions
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT XIV: SrECIAL CONTROL CIRCUi CS

1. Terms and definitions

2. Parts of a control relay

3. Uses for control relays

4. Parts of a latching relay

5. Uses for latching relays

6. Types of timing relays

7. Applications for timing relays

8. How a ground fault indicator works

9. How an alarm silencing circuit is used

10. Build a relay control circuit

11. Wire a latching relay or contactor

12. Wire a timed on circuit

13. Wire a timed off circuit

14. Energize three starters in a timed
sequential order

15. De-energize three starters in a timed
sequential order

16. E .d a ground fault indicator circuit

xxv
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT XV: PROGRAMMABLE CONTROLS

1. Terms and definitions

2. Programmable controller functions

3. Three stages necessary to control a
process

4. Input devices

5. Output devices

6. Components of a programmable con-
troller

7. States of contacts

8. Types of I/O modules

9. Parts of an optical coupler

10. Basic PC ladder logic symbols

11. Why a stop button is wired normally
closed

12. Basic numbering systems used in pro-
grammable controls

13. Match I/O devices with their functions

14. Convert between numbering systems
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COMMERCIAL AND INDUSTRIAL WIRING

GLOSSARY

A

Accelerating contactors Contactors or relays used in starting motors at low speed then
increasing to maximum speed in preset timed steps

Acrosstheline Method of starting an electric motor by connecting it directly to supply line

Ambient temperature The temperature in the area where the transformer is to be !mated.
High temperatures will raise the insulation temperatures and shorten the life of the trans-
former. The KVA rating should be derated .4% for each 1°C over 30°C average ambient tem-
perature for 150°C insulation

Ampacity The current in amperes that a conductor can carry continuously under the condi-
tions of use without exceeding its temperature rating

Analog signal A signal which varies proportionally with some aspect of the environment;
the signal from a pressure transducer which varies with the amount of pressure being applied

Arc chute Partition between contacts to reduce electrical arcing

Armature Portion of coil assembl,/ moved by magnetism

Automatic starting Pertaining to self-acting starter completely controlled by pilot switches
or some other sensing device

Auxiliary contacts Set of normally open auxiliary contacts on a starter, contactor, or relay
that close when main contacts close, providing a means of sealing or holding the circuit in the
energized state

B

B Blue lamp

Backhoe Machine used for digging ditches on construction sites

Ballast Transformer used in lighting circuits

Bender Used for bending pipe used in electrical trades

Bimetal Two different metals bonded to p:ovide fast heat transfer to trip contacts by
mechanical deflection

Blueprint Copy of the original detailed drawings of a structure

Blueprint lines Set of conventional symbols to depict an object

Branch circuit The circuit that extends from the cast overcurrent protection device to the
outlets

Buck and boost transformer A transformer that increases or decreases voltage

xxv2 6



C

'*.

Cable benders Mechanical or hydraulic devices used to bend heavy conductors in panels
and junction boxes

Cable cutters Used in cutting conductors

Cathode Coiled coil or triple coil tungsten wire at each end of lamp which is coated with
materials which emits electrons

Coefficient The square root of the ratio of the power reflected from a surface to the power
incident of the same surface

Contactor Device without overload protection; repeatedly establishes and interrupts an
electric power circuit

Control transformer Small transformer used to step supply voltage down to appropriate
control voltage

Copper-clad aluminum Aluminum conductor with an outer coating of copper metallurgi-
cally bonded to the a:_:rninum core

Color coding Assigning colors to conductors based on their uses

Counter A logic element in a PC user program which is used to simulate the operation of
electro-mechanical counters

Covered Conductor encased within material of composition and thickness recognized by
the National Electrical Code as electrical .:.sulation

Cross phasing Unintentional contact cf two or more electrical phases; results in a short cir-
cuit

Cross-sectional area Area in square inches allowed in a conduit or tubing; area required for
conductors in a conduit or tubing

CT Current transformer

Cutting tools Saws used in cutting conduit for electrical insulations

CW Cool white lamp

D

D Dayiight lamp

Delta Three-phase circuit in which the windings are connected in series (form a closed
loop)

Disconnects Devices used for breaking a circuit which may be fused or unfused

Discrete A two-state reference in the user program which can be either on GI off

xxviii 2 7
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Down stream Coming after; following other devices or events

Drop chain Short length of small chain used to pull cable or flexible conduit through an
enclosed space or wall cavity

Drum switch A switch having electrical connecting parts in the form of fingers he,1/4.: by
spring pressure against contact segments or surfaces of a rotating cylinder

Dual voltage motor Motor capable of being wired to run at two different voltages

E

Equipment grounding conductor Conductor used to connect non-current-carrying meta!
parts of equipment to the systbm-grounded conductor or grounding-electrode conductor

F

FC Foot candles

Feeder circuit All circuit conductors between the service equipment or the source of a sep-
arately derived system and final brancn circuit overcurrent device

Fiber optics Transfer of discrete signals through glass fibers with light

Fish Establishing a connection between two points so a cable or length of flexible conduit
can be installed

Fish tape Metal tape used to run through a conduit for the pulling of conductors

Fish wire Length of wire with a hook formed in one end to catch material to be installed in a
space

Flourescent lighting Electric discharge lighting

Full voltage control Function of magnetic control that connects equipment directly to sup-
ply line on starting

G

G Green lamp

Ground To connect electrical equipment either intentionally or accidentally to the earth or
to some conducting body that serves as the earth

Grounded Connected to earth or to some conducting body that serves in place of the earth

Grounded conductor System or circuit conductor that is intentionally grounded

Grounding-electrode conductor Conductor used to connect grounding electrode to the
equipment grounding conductor or to grounding conductor of circuit at service equipment or
at source of separately derived system
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Hammer drills Used to bore through concrete

HID High intensity discharge

I

Incandescent lighting Consists of a filament which is a highly refractory conductor
mounted in a transparent or translucent glass bulb

Indicating pilot light Small light that indicates status of controls or machinery

Input A signal which provides the controller information about the system; can be discrete,
numeric, or analog

Insulated Conductor encass-.1 within material of composition and thickness recognized by
the National Electric Code as electrical insulation

Interlocking To interrelate with other controllers; a device is connected in such a way that
the operation of one part controls the operation of another

Isolating transformer Insulates the primary circuit from the secondary circuit as with an
insulating transformer, but frequently with no voltage change

J

Jet line Line sucked through a conduit by vacuum so a rope or tape can be pulled through a
conduit

Jogging (inching) Momentarily operating; moving driven machine a small distance

K

Knockout cutter Used to cut holes, slots, and cuts in electrical 1".:)xes and studs

L

Ladder diagram (line diagram) Schematic consisting of symbols and lines that indicate
power source and how current flows through various parts of a control circuit

Lightning arrestor Device connected to the supply side of a system, designed to absorb
transient surges

Logic A system which contains digital switching functions, circuits, or devices

Low voltage protection Magnetic control only; nonautomatic restarting; two-wire control;
power failure disconnects service; when power is restored the controller automatically
restarts motor

Lumens A unit of light emitted from a point light source of one candle through a unit solid
angle

xxx

29

0



ivi

Magnetic contactor Contactor operated electromechanically

Mechanical interlocking Means of locking out contactors through the use of mechanical
devices such as cams or blocks

Motor control center Large panel used in industrial applications to centrally locate motor
starters, motor branch circuit short circuit and ground-fault protective devices and motor
branch circuit disconnecting means

Motor driven timing relay Relay who's timed contacts are operated through the action of a
variable speed, extremely small motor

Multispeed starter Starter designed w start motor at a reduced speed and built to full
speed in preset steps

N

Networking Tie in of multiple PCs to communicate with each other in the performance of a
process

0

One-line diagram Schematic consisting of single-phase and three-phase power lines, indi-
cates power distribution and fuse and interrupter coordination

Output A signal coming from the controller to field devices; can be discrete, numeric, or
analog

Overload relay Device for protecting motor from overload current or voltage

P

Phosphor Coating inside a flourescent bulb to determine the color of light

Photocell Light activated switch

Photometer Instrument used in determining lumens

Pilot device Directs operation of another device; alters the electrical circuit

Pipe chase Usually a vertical space between two floors, dedicated for the running of pipes
and conduits between floors

PK Pink lamp

Pneumatic timing relay Relay who's timed contacts are operated through the action of an
air bellows and needle valve

(30



Power factor Ratio of active power to apparent power

Power fishtape system Vacuum or air pressure system for installing a pull cord in a race-
way in order to pull in the heavy pull rope for heavy and long pulls

Programmer A device designed to allow inserting, monitoring, and editing a user program
in the PC

Programmable controller (PC) (PLC) A solid state control syste: I which contains a user pro-
grammable memory for the storage of instructions to perform specific functions in an opera-
tion

PT Potential transformer

Pulling equipment Used for pulling multiple and large conductors through a conduit. These
ma y be manual or electrically operated

Pulling lube Wax based product that allows the conductors to pass through the conduit
causing less friction

Pulling sleeve Attaches around the end of conductors so they may be pulled through a con-
duit

Pull rope Strong rope of nylon or other substance used to pull heavy conductors into race-
ways

Push button Switch, manually operable plunger, button, or actuating device

Push-button interlocking Means of interlocking reversing starters through the use of two-
circuit push buttons with normally open and normally closed contacts

Pushto-test pilot light Used to indicate "on" and "off" status of a motor and to verify condi-
tion by means of indicating a burned out lamp

R

Raceway An enclosed channel designed expressly for holding wires, cables, or busbars,
with additional functions as permitted in the National Electrical Code

Racing Condition that occurs when both forward and reversing push buttons are operated
simultaneously; coils "race" to close

Ramset gun Uses charges that shoot studs and tie downs in concrete, metal, and wood

Relay Operated by a change in one electrical circuit to control a device in the same circuit
or another circuit; used in control circuits

Remote control Device that controls electrical apparatus from some distance

Reversing starter Starter consisting of two identical contactors and one overload relay
assembly; used in reversal of polyphase motors
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Selector switch Manually operated multiposition switch

Service Where power is metered or is first attached to the structure

Service drop Power conductors coming into building from power company

Ser:!,..3 panel Main control panel where voltage and current are distributed to different loca-
ans

Shading coil Single turn of conducting material mounted on the magnetic assembly face to
produce out-of-phase magnetic force

Single phasing Loss of one phase of a three-phase system

Solid state timing relay Relay who's timed contacts are operated by an electronic timer
(microchip)

Specifications A detailed set of written instructions which explains the drawing

Starter Control device with electric contactor and overload protection; designed to protect
motor from voltage inrush during starting

Strippers Used for removing insulation from conductors

Switch gear Devices used for disconnecting power on electrical circuits

Symbol An arbitrary sign that has been standardized and is used to represent an object,
quantity, or method

T

Thermal overloads (heater) Device used to sense current draw in a circuit and open a con-
trol circuit when it's rating is exceeded

Threading tools Used to thread pipe so electrical fittings may be attached to conduit

Threewire control Uses momentary contact; start/stop stations and a memory circuit inter-
lock connected in parallel with the start button to maintain the circuit

Time clock An electromechanical or electronic switch designed to control electrical cir-
cuits and equipment based on preset times of day

Timer Pilot device that delays closing or opening of a circuit for a specific time; may be
motor driven, solenoid-actuated, or electric

Torque Force that produces a rotating or twisting action

Transformer vault Area in which transformers are installed for safety protection. This area
is usually constructed with concrete and fire-retardant doors

xxxiii
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Trencher Machine used for digging trenches

Trim out Final stage in a wiring project; involves devices and plates, connecting and secur-
ing equipment, hanging fixtures, and testing the system

Troubleshooting The systematic diagnosis of a malfunction

Two-wire control Any type of switch having a definite "on" and "off" position that is used to
control a magnetic starter or contactor

U

Under voltage relay Relays whose coils are connected between the line terminals of a
motor branch circuit; opens a set of N/O contacts if one or more phases is lost

V

Voltage drop A reduction in available voltage at the end of a circuit

Voltage rating Maximum voltage at which a device is designed to operate

W

W White lamp

Winch Manual or motor-powered mechanical device used to pull conductors into a raceway

Wire dispenser Movable rack used to hold one or more reels of wire so that wire can be eas-
ily pulled off reel and fed into raceway

Wire-pulling compound Compound of soap and other substances used to lubricate conduc-
tors being pulled or pushed into a raceway

Wiring diagram Schematic consisting of symbols and lines that indicate all connections
and placement of all component parts in a device or circuit, including the power circuit wiring

WW Warm white lamp

Wye Three-phase circuit in which the windings are connected in parallel (form the shape of
a "Y")

xxxiv
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COMMERCIAL AND INDUSTRIAL WIRING

TOOLS, EQUIPMENT, AND MATERIALS LIST

Awl
Ball peen hammer
Beam, 2"x4"
Bleeder resistor
Box clips
Boxes, 1900
Center punch
Clean rags
Combination wrench set
Compressed air
Compressor units
Conduit pipe die
Construction blueprint
Control transformer
Copper, #2 & #4
Cutting oil
Drum switch
Dual voltage motor
EMT bender
EMT couplings and connectors
Float switch
Folding rule with sliding scale
Framed wall with 2"x4" studs
Fuses
Fuse block
Fuse holders
Hacksaw
Hammer
Hanger box
Hickey's pipe vise
HID ballast
Knife
Lamp
Latching relay, 4-pole
Level
Lock-stop device
Machine oil
Magnetic coils
Marking pencil
Measuring tape
Megger tester
Meter base, 30
Mock up wall
Motor cleaning fluid
Mounting board
Mounting nails

xxxv

Normally closed push button
Normally open push button
Octagon box
Ohmmeter
One-hole straps, 1/2"
Outlet boxes
Paper
Pencil
Pilot light
Pipe straps, 2"
Plaster ring
Polishing cloth
Pouch tools
Power supply
Pressure switch
PVC cement
PVC connectors
Quartz lamp
Reaming tool
Relay, 4-pole
Republic bender
Reversing starter
Rigid metal conduit
Rod hanger clamps
Rule
Safety glasses
Service entrance cap
Sheet metal screws
Small socket wrench set
Soft faced hammer
Split-phase motor
Square outlet boxes
Start/stop station
Stove bolt
Test jumpers
Thermometer
Three-element control station
Three-phase open starter
Time clock
Two-element control station
Voltmeter
Wire
Wire brush
Wire markers
Wire nuts
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CIW-1

BLUEPRINT READING AND LOAD CALCULATIONS
UNIT I

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify blueprint symbols and
compute load calculations and voltage drop. Competencies will be demonstrated by complet-
ing the assignment sheets and the unit test with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to blueprint reading and load calculations with their correct
definitions.

2. Identify mechanical symbols.

3. Identify plumbing symbols.

4. Identify structural symbols.

5. Identify architectural symbols.

6. Identify electrical symbols.

7. Identify panel, circuit, and other electrical symbols.

8. Match types of blueprint lines with their pictures and descriptions.

9. List four typical electrical specifications.

10. Complete statements concerning minimum requirements for electrical devices.

11. Determine motor-circuit wire sizes by using the NEC.
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12. Select true statements concerning load calculations.

13. Define demand factor.

14. Select true statements concerning voltage drop. .

15. Match types of blueprints with their correct descriptions.

16. Construct an electrical blueprint. (Assignment Sheet #1)

17. Perform load calcuiations. (Assignment Sheet #2)

18. Compute lighting loads. (Assignment Sheet #3)

19. Derate neutral loads. (Assignment Sheet #4)

20. Determine maximum numbers of conductors in conduit. (Assignment Sheet #5)

21. Compute voltage drop. (Assignment Sheet #6)
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UNIT I

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included in this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Integrate the following activities throughout the teaching of this unit:

1. Take students on a field trip to a construction site.

2. Have a representative from a local engineering firm talk to class about the impor-
tance of reading various types of blueprints.

3. Invite a local inspector to class to discuss pertinent codes and requirements.

4. Show students examples of various types of blueprints.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

H. Give test.

I. Evaluate test.

J. Reteach if necessary.

REFERENCES USED IN WRITING THIS UNIT

A. Mullin/Smith. Electrical Wiring. Albany, NY: Delmar Publishers, 1985.

B. National Electrical Code, 1987. Quincy, MA: National Fire Protection Association, 1986.

C. Teague, Cash and Garnet Pewewardy. Industrial Electricity: In-Plant Distribution. Still-
water, OK: Oklahoma Curriculum and Instructional Materials Center, 1984.
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'OLUEPRINT READING AND LOAD CALCULATIONS
UNIT I

INFORMATION SHEET

I. Terms and definitions

A. Blueprint Copy of the original detailed drawings of a structure

B. Blueprint lines Set of conventional symbols to depict an object

C. Branch circuit The circuit that extends from the last overcurrent protec-
tion device to the outlets

D. Feeder circuit All circuit conductors between the service equipment or
the source of a separately derived system and final branch circuit overcur-
rent device

E. Specifications A detailed set of written instructions which explains the
drawing

F Symbol An arbitrary sign that has been standardized and is used to rep-
resent an object, quantity, or method

G. Voltage drop A reduction in available voltage at the end of a circuit

II. Mechanical symbols

A. Duct section exhaust, return

.......-
riser b 2nd Boor

----...J
nser to I st Boor

C. Duct section notation

K
E

typo

exhaust
1

E. Fan flexible connection

B. Duct section supply

nser to 1st floor

rims tu 2nd Boor

D. Duct connection below joist

-1-N-r
i 1

lc;1-

i I

1 I

1A,1-

F

49
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INFORMATION SHEET

G. Rainproof ventilator H. Standard ventilator

0 0
PLAN PLANf

ELEVA710N ELEVA710N

(NOTE: The following symbols are single line representation.)

I. Anchor J. Louver opening

X
PA

K. Register or grille

III. Plumbing symbols

A. Corner bath EDI

B. Recessed bath II 11

C. Roll rim bath II

D. Sitz bath la
E. Foot bath tr
F. Bidet -Er

G. Shower stall 17N

50
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UNORMATIM4 SHEET

H. Shower head

I. Overhead gang shower

J. Pedestal lavatory

K. Wall lavatory

L Corner lavatory

M. Manicure/Medical lavatory

N. Dental lavatory

O. Plain kitchen sink R=11
S

R Kitchen sink, R & L drain board

Q. Kitchen sink, LH drain board 'MKT

R. Combination sink & dishwasher

S. Combination sink & laundry tray

T. Service sink

U. Wash sink (Wall type)

V. Wash sink

(Planj1(Eley5T

(P410-9-43-0
(E ley)

O
PL

WL

Lgj
ML

Dental lay

1 i I
SST

kus

W. Laundry tray ion

X. Water closet (Low tank)

CIW-21
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Y. Water closet (No tank)

Z. Urinal (Pedestal type)

AA. Urinal (Wall type)

BB. Urinal (Corner type)

CC. Urinal (Stall type)

DD. Urinal (Trough type) ru

EE. Drinking fountain (Pedestal type)
DF

FE Drinking fountain (Wall type)
DF

GG. Drinking fountain (Trough type) c17)r
DF

HH. Hot water tank

II. Water heater

J..' Meter

KK. Hose rack

LL. Hose bibb

MM. Gas outlet

NN. Vacuum outlet

00. Drain

11=F
HR

T
H0

T

52



INFORMATION SHEET

PR Grease separator

QQ. Oil separator

RR. Cleanout

SS. Garage drain

TT. Floor drain with backwater valve

UU. Roof sump

IV. Structural symbols

zi

:a

el

1U-

v
0

A. Plan view of exterior door B. Plan view of exterior sliding
in wood frame wall door in wood frame wall

C. Plan view of exterior door D. Plan view of exterior sliding
in masonry veneer wall door in masonry veneer wall

E. Plan view of interior
hinged door

F. Plan view of interior
pocket door

C.-
)

.-;
Il

1
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INFORMATION SHEET

G. Folding door H. Plastered arch doorway

4..0 OWED

I. Single window in frame wall J. Multiple windows in frame wall

K. Plan view of double hung
window in frame wall

) 1--(1----11-0I t
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INFORMATION SHEET

V. Architectural symbols

ELEVATION PLAN SECTION

i=22222a
Common

Same as
plan view

Brick

(Common,

'ff ir/W/4 6 S

)

Face

face, etc 22MZEZZZ
Firebrick

EZ=D=L4Concrete
Block or

MillFili:Wlili111-

Stone

L... --i..
1 I I r i _

am

.
mo

NIFEg::

Illia

Cut Stone RubbleC=
. Cast Stone

(Concrete)Cut f.'.!o e Rubble

Glass

,e-

4 ...,
or

Plaster Stud, Lath, and Plast/r

Solid Plaster Wall

Wood

)
.

i Floor areas are left blank,
note indicates kind of

wood used Member
Rough

gi
0141

V4lrh . IA

Trimi

Siding Panel

+---v------.v

Insulation Same as
plan view

10111101WOOlt
..L_ , aura: :
masummax
Boarded and uit

1!!!!22,22r.2e29,311:
Solid and Cork

Sheet Metal
Flashing

liT

1,111

I

I.

Occasionally
indicated by note

Metals
Other than Indicated by note

Flashing or drawn to scale Same as elevation
Steel Cast Iron

% / / / //A re1074
Small Aluminum Bronze
Scale or Brass

Large Scale

Structural Indicated by note
Steel or drawn to scale

Or - . 0 =====
Reinforcing Bars

qPL I
L I

angles Ibeams
Small Scale Large Scale

or

Or

.:7
liqj
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VI. Electrical symbols

A. Single pole switch

B. Three way switch S3

C. Four way switch S4

D. Automatic door switch SD

E. Key operated switch SK

F Switch with pilot light Sp

G. Weatherproof switch Swp

H. Fused switch Sf

I. Double pole switch S2

J. Switch for low voltage system S

K. Circuit breaker Scb

L Remote control switch Src

M. Low voltage wire

N. Low voltage master switch

O. Relay equipped lighting outlet

MS

P. Single receptacle outlet 4-_-)

?f-;



!N FARM MON SHEET

Q. Duplex receptacle outlet

R. Split wired receptacle outlet

S. Floor receptacle outlet

T. Weatherproof duplex outlet

U. Special circuit

O.

(NOTE: This must be explained in the symbol key.)

V. Junction box

W. Lighting outlet

X. Square recessed light (size varies)

Y. Rectangular recessed light (size varies)

Z. Round recessed light (size varies)

AA. Flourescent light F-0 I
,

BB. Lampholder --

CC. Lampholder with pull switch
PS

DD. Fan outlet

EE. Clock outlet

FF. Chime CH

GG. Bell on
C.; t--)
t 1 I

I

I
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HH. Buzzer

II. Push button

JJ. Electric door opener

KK. Interconnecting telephone

\EI

D

<
LL. Telephone switchboard {}<1

MM. Outside telephone

NN. V. outlet

00. Computer

PR Combination starter

QQ. Switch leg indicator

RR. Baseboard heat

SS. Fire alarm bell

Ti. Fire alarm station

TV

( \

111011=umml

m

UU. Automatic fire alarm device 17§1

VV. Horn 01

WW. Interconnection box ri
XX. Battery

11111111

YY. Auxiliary system circuits

5 8



iNFORMATION SHEET

VII. Panel, circuit, and other electrical symbols

A. Lighting panel ill
B. Power panel MS3

C. Branch circuit, concealed in ceiling or wall

D. Branch circuit; concealed in floor

E. Branch circuit; exposed

E Home run to panelboard 41.......

(NOTE: Indicate number of circuits by number of arrows.)

G. Feeders 81111.1

(NOTE: Use heavy lines and designate by number corresponding to listing
in Feeder Schedule.)

H. Underfloor duct and junction box. Triple system.

(NOTE: For double or single systems eliminate one or two lines.)

i. Generator @

J. Motor

K. Instrument o
L Power transformer

M. Controller 1><
N. Isolating switch I lj

5;-)
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iNFORMATiON SHEET

0. Overcurrent device, (fuse, breaker, thermal overload)

P Switch and fuse

VIII. Types of blueprint lines

..0

T

A. ObjectObject lines - Show the main outline of the
building including exterior walls, interior partitions, porches, patios, drive-
ways, and interior walls; these lines should be the outstanding lines on a
drawing

B. Dimension lines ( ) Thin unbroken lines
which building dimensions are placed upon

C. Extension lines ( ) Extend, but do not touch,
the object iines and permit dimension lines to be drawn between them

D. Hidden lines ( ---- ----- ) Short dashes used to show
lines that are not visible from that view

E. Center lines ( ) A series of short and long
dashes used to designate the center of doors, windows, and circles and to
provide a reference point for dimensioning

F. Cutting-plane lines ( f-- ---I ) Heavy lines consist-
ing of a series of one long and two short dashes with arrows at each end
pointing away from the area that is cut away for the purpose of sectioning

G. Section lines ( 78/ / / / // // / / / / / / / / /,)- A series of lines of various
shapes or symbols used to depict an area that is a cross section of the
whole object and also depicts the type of material to be used in construc-
tion

H. Break lines ( ) Used when an area cannot or
should not be drawn entirely

I. Leaders (.A ) Used to connect a note or dimen-
sion to a part of the building

IX. Typical electrical specifications

A. Minimum standards

EXAMPLE: The contractor shall install the complete electrical system
according to national and local electrical codes, as per plans
and specifications.

60
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INFORMATION SHEET

B. Type of equipment

EXAMPLE: All switches, duplex receptacles, and other outlets shall be in
conduit (EMT will be acceptable). Electrical contractor shall
furnish all lighting fixtures as per specifications or approved
substitutes.

C. Type of installation

EXAMPLE: Electrical service equipment shall be of units specified on
plans or shall be approved substitutes or like quality. All work
shall be done in coordination with other crafts.

D. Spacial instructions

EXAMPLE: Receptacle circuits shall include an equipment grounding
conductor of proper size.

X. Minimum requirements for electrical devices

A. Receptacles

(NOTE: Refer to NEC Article 210, Part C.)

1. Rooftop heating, air conditioning, and refrigeration equipment must
have a 125 volt receptacle within 75 feet of equipment.

(NOTE: Refer to NEC Article 210-63.)

2. Show windows must have one receptacle for each 12 linear feet.

(NOTE: Refer to NEC Article 210-62.)

B. Lighting A unit load of not less than that specified in NEC Table 220-3(b)
for occupancies therein shall constitute the minimum lighting load for each
square foot (0.093 sqm) of floor area

(NOTE: Refer to NEC Article 220-3[b].)

C. Disconnects Are required by code for motors and appliances and each
service, feeder, or branch circuit at the point where it originates and shall be
legibly marked

(NOTE: Refer to NEC Article 110-22.)
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INFORMATION SHEET

Xl. Steps for determining motorcircuit wire sizes

(NOTE: NEC Article 430-148 gives normal amperages for single-phase motors, and
Article 430-150 gives similar information for three-phase motors.)

A. Determine motor size, voltage, and phase from print.

B. Determine full-load amperes from NEC Articles 430-148 and 430-150.

C. Determine circuit ampacity from NEC Article 430-22 (continuous-duty
motors).

D. Determine wire insulation type, using NEC Table 310-13.

EXAMPLE: THW would be the type of heat-resistant insulation needed for
a dry location in a machine shop where the temperature of the
conductor does not exceed 40°C at any time.

E. Determine wire size from NEC Table 310-16.

(NOTE: According to NEC 210-19, conductors shall be rated to prevent a
voltage drop exceeding 3 percent. Number 12 wire is normally required on
motor circuits rated 1 to 16 amperes.)

EXAMPLE:

TABLE 1

Motors

FullLoad Amps
Per

NEC 430-148
NEC 430-150

Calculated
Circuit Ampacity
Per NEC 430.22

THW
Wire size

NEC 310-16

1 hp 240 Volts 1 0 8.0 10.0 #12

2 hp 240 Volts 3 0 6.8 8.5 #12

3 hp 240 Volts 3 0 9.6 12.0 #12

7.5 hp 240 Volts 3 0 22.0 27.5 #10

15 hp 240 olts 3 0 42.0 52.5 #6

62
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XII. Load calculations

(NOTE: The NEC allows only a specified number of conductors in a raceway. See
Table 3-A and 3-B in Chapter Nine. Alsr see Note 8, Table 310-16.)

A. Feeder calculations

1. Feeder size is determined by branch circuit loads to be supplied. It is
accepted practice to allow a growth factor of 25%.

(NOTE: Refer to NEC Article 220-22.)

2. For 3-wire DC or single phase AC, 4-wire, 3 phase and 5-wire, 2 phase
systems, a further demand factor or 70% shall be permitted for that
portion of the unbalanced load in excess of 200 amperes. No reduc-
tion is permitted on the neutral conductor concerning electric dis-
charge lighting. This is referred to as derating neutral.

(NOTE: Refer to NEC Article 220-22.)

B. Branch circuit calculations

1. The loads are classified in four separate groups:

a. General lighting Table 220-3(b) and 220-10(b)

b. General purpose receptacle loads 220-3(c)(5) and Table 220-
13

c. Special appliance loads 220-3(c)(5), Exception #1

d. Motor loads Table 220-14, 430-22(a), 430-24 and 430-25

2. Concerning temperature calculations, no conductor shall be used in
such a manner that its operating temperature will exceed that desig-
nated for the type of insulated conductor involved.

(NOTE: See Tables 310-13 and 310-61 for maximum temperature.
Tables 310-16 through 310-19 and 310-69 through 310-80, provide con-
ductor sizes, types, ampacities, ambient temperatures, and number
of associated conductors.)

XIII. Demand factor The ratio of the maximum demand of a system, or part of a sys-
tem, to the total connected load of a system or the part of the system under con-
sideration

(NOTE: Refer to NEC Table 220-20, 220-32, and 220-4.)
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XIV. Voltage drop

(NOTE: Refer to NEC Article 215-2.)

A. If voltage drop is too great, electrical equipment can overheat.

B. Voltage drop must be considered when feeder and branch circuit conduc-
tors are selected.

C. The formula for voltage drop is:

VD = 2 xKxLxl
1000

D. The values that may be used when determining voltage drop are:

VD Voltage drop

K Resistor of conductor material (Chapter 9, Table 8, NEC)

L One-way length of circuit in feet

I Current in conductor in amperage

CM Conductor area in circular mils (Chapter 9, Table 8, NEC)

1000 Length of conductors (Chapter 9, Table 8, NEC)

XV. Types of blueprints

A. Electrical floor plan Shows locations of switches, outlets, lighting, and
special equipmt 5070

Ur1F

5 hp
240 V
3

2 hp Blower
240 V
30

PAINT. 6001-1
0' < Pr 0*

U

Shp 6
240V Shp
3 0 240 V

3m

Iv 0

Ur0

Power
Panel

30
Lighting

Panel
1p

0
a

VEMLAL.

1 hp \
240

4,

nI
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B. Floor plan Similar to electrical but shows equipment, wall, and structural
support locations

30-1c,

fi",/////li WW1 WM-747/ ZWI/71:// W1/.7///rne1111/.11/P/MII

65
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C. Foundation plan Shows structural support characteristics of building
which is pertinent when planning conduit runs
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D. Elevations Clarify placement of exterior lighting and power outicits

t======rri
ELE \ATIONt

(War' UtZ.

c:OWIeCTr 1,14:33(

°OUTf-t EizvAriort

E. Plot plan Shows location of building in relationships to layout of land
and location of utilities and site lighting

T:Tvote tte.g.
1.bfe 30

/3 Kt, ec.raRic- 5EIZOG5

MAU4INE. YAP

dr.)

0 rare 3
P R,PC,Crf LZ1 c

v3-0,7
NOTE 3:30' stool polo with oat 260W MPS flood.

17

4-7,7542
XFMR ADL.k

CIW37



38

INFORMATION SHEET

F. Details Clarify specific installation requirements such as jbolts for site
lighting or special equipment mounting devices

UNe,

col2K
IrrUL.AtiON

1-1/2"
c.riqmpHe.re

r"guclur4AL

I-1 crtar-in-te.K

TYPICAL TlACIIINC. DASG

CONCRETE 12.0',K

4=0"
TTPIcAL. eXTeRioR WALL

t/z' tX014-6$0r4

ealriFOga.0
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UNIT I

ASSIGNMENT SHEET #1 CONSTRUCT AN ELECTRICAL BLUEPRINT

NAME SCORE

Directions: Using the electrical symbols found in the Information Sheet, construct an electri-
cal drawing of a garage with two restrooms, office, shop area, and wash bay.

Restroom

Restroom

MB



DLUEPRIP:I RE'ADING AND LOAD CALCULATIONS
UNIT I

ASSIGNMENT SHEET #2 - PERFORM LOAD CALCULATIONS

NAME SCORE

Directions: Using the NEC, calculate the total connected load as well as branch circuit loads
on line diagram shown below.

Motor Starter
and

Overload Relays

2

Feeder with No
Motor Load

1201208 Volt 30 System

3

Feeder with All
Motcr Load

20 Hp.
Large Motor

cs

In

1

5 Hp.

/ / /
11 fl 12 13 *14

...1..

O e < <
.:1- 0

2 Hp.2 Hp. " e°
Continuous

Loads

0

Continuous Loads
Lighting
Heating

10 Hp 3 Hp.

70

I

4

Feeder with
Combination

Motor and
Nonmotor Load

CIW-41
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A .e.nerRiaaachre" eLICCT JP)
MOOIRAINIVI ele i ve te-a- 3 we-

A. Total connected load A

B. Service fuse size A

C. Service entrance conductor size using THW

D. Branch circuit conductor size and fuse size

Circuit Fuse Size Conductor Size (THHN)

1

2

3

4

5

6

7

8

9

10

11

12

13

14
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UNIT I

ASSIGNMENT SHEET #3 - COMPUTE LIGHTING LOADS

SCORE

Directions: Using the NEC code, compute the following lighting loads.

A. Bank building with 4500 sq. ft. 120v/230, 10.

B. Restaurant with dining area 736 sq. ft. 277v/480, 30.

C. School with a classroom of 860 sq. ft. 120v/240, 30.

D. Auditorium in a school having 7430 sq. ft. 277v/480, 34).

E. Barbel. shop having 450 sq. ft. of floor for cutting hair at 120v1230, 10.



RLIIEPRINT READING AN OAD CALCULATIONS
UNIT I

ASSIGNMENT SHEET #4 - DERATE NEUTRAL LOADS

NAME SCORE

Directions: Derate the following amperes for the neutral loads for incandescent lighting. Refer
to NEC Article 220-22.

EXAMPLE: 250 amps x .70 = 175 amps

A. 500 amps

B. 400 amps

C. 640 amps

D. 750 amps

E. 385 amps

F. 274 amps

G. 482 amps

H. 550 amps

I. 270 amps

J. 700 amps

1 3
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UNIT I

ASSIGNMENT SHEET #5 DETERMINE MAXIMUM NUMBERS
OF CONDUCTORS IN CONDUIT

NAME SCORE

Directions: Determine the maximum number of conductors in conduit for the problems below.

A. Conduit fill for #12 THW wires in a 1/2" conduit

B. Conduit fill for #8 RHW wires in a 1 1/4" conduit

C. Conduit fill for #14 TW wires in a 2 1/2" conduit

D. Conduit fill for #310 THW wires in a 3" conduit

E. Conduit fill for #10 THWN wires in a 1" conduit

74
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BLUEPRINT READING AND LOAD CALCULATIONS
UNIT I

ASSIGNMENT SHEET #6 - COMPUTE VOLTAGE DROP

NAME SCORE

Directions: Compute voltage drop for the following problems.

A. What size AWG THW copper conductors are required for a 240 volt, two-wire lighting
feeder with an 80-amp load? The feeder conductor is 115' in one-way length.

B. What is the voltage drop if a motor draws 22 amperes at 230 volts and the feeder circuit
is 150 feet in length?

C. What is the voltage drop on a 240 volt, single-phase feeder supplying a 125 amp contin-
uous load located 100 feet away?

75
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BLUEPRINT READING AND LOAD CAL( 'LATIONS
UNIT I

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1 Evaluated to the satisfaction of the instructor

Assignment Sheet #2

A. 338.04 ,nps
B. 350 amps
C. 500 MCM THWcu

D. Circuit Fuse Size (Dual Element) Conductor Size (THHN)

1 80A #6

2 125A #2

3 70A #6

4 90A #4

5 70A #6

..S 35A #8

7 30A #10

8 40A #8

9 15A #14

10 25A #10

11 15A #14

12 15A #14

13 40A #8

14 40A #8

Assignment Sheet #3

A. 168.75 amps
B. 5.31 amps
C. 21.5 amps
D. 26.82 amps
E. 11.25 amps

7F;
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ANSWERS TO ASS1GNVENT SHEETS

Assignment Sheet #4

A. 350 amps F. 176.3 amps
B. 280 amps G. 278.2 amps
C. 355.6 amps H. 311.5 amps
D. 409.5 amps I. 174.9 amps
E. 230.65 amps J. 385 amps

Assignment Sheet #5

A. 4

B. 10
C. 142
D. 9
E. 18

Assignment Sheet #6

A. #4
B. 7.63 volts
C. 7.2 volts

77



a BLUEPRINT READING AND LOAD CALCULATIONS
UNIT I

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a. Set of conventional symbols to depict an
object

b A reduction in available voltage at the end of
a circuit

c. The circuit that extends from the last over-
current protection device to the outlets

d. Copy of the original detailed drawings of a
structure

e. All circuit conductors between the service
equipment or the source of a separately
derived system and final branch circuit over-
current device

f. A detailed ssIt of written instructions which

g.

explains the drawing

An arbitrary sign that has been standardized
and is used to represent an object, quantity,
or method

2. Identify the following mechanical symbols.

PA

1. Blueprint

2. Blueprint lines

3. Branch circuit

4. Feeder circuit

5. Specifications

6. Symbols

7. Voltage drop

a. b.

78
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TEST

C.

PLAN

ELEVATION

e.

PLAN

ELEVATION

type

exhaust

Pilutacce11<---------------------Ekitchen

d.

---... .---- ---...........
......., .......

nser to 2nd floor

n' ......,

riser to 1st floor

f.

9. h.

7)



TEST

3. Identify the following plumbing symbols.

FN 1X1

b. IF
IC=1

C.

d. '21

e.

f.

0

OF

nser to 1st floor

riser to 2nd floor

Sal

CIW-55
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k.

n.

o.

P.

q.

HR

e
0

T
G

C)
OF

r. 1-
S. CI

t.

U.

(Plan) (Eloq

U---

TQ'TvV

4. Identify the following structural symbols.

1 t ---7 r 1 L_. 1

a. b.

81
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c. d

I t
I

e. r.

I 1 1----1/1AAJ
I

1 i

g. h

8 2
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TEST

5. Identify the following architectural symbols.

Siding Panel

a. b

Of

c. d.

e. f.

g.

1 1 I

h.

R tp)



a TEST

6. Identify the electrical symbols below.

a. S3

b. S2

c.

Ea

St

0

S

Sp

CH

m. \I.1

n. S

0. Scb

P. Ms

CIW.59
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q.

r.

s.

t.

u.

V.

w.

x.

Y.

z.

aa.

bb.

cc.

dd.

ee.

ff. S4

TEST

85

p
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hh.

ii.

B.

kk.

II.

mm.

nn.

oo.

p
IG

IN

MEM

TEST

RE

CIW-61
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TEST

7. Identify the panel, circuit, and other electrical symbols below.

a.

b.

c.

a

e.

f.

9.

h.

I.

J.

III

1><

®

_C

T

MI

0

87
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8. Match the names of types of lines on the right with their pictures and descriptions.

a

b.

c.

d.

e.

f.

g.

h.

Used to connect a note or dimension to a
part of the building

Short dashes used to show lines that are
not visible from that view

Heavy lines consisting of a series of one
long and two short dashes with arrows at
each end pointing away from the area that
is cut away for the purpose of sectioning

Thin unbroken lines which building dimen-
sions are placed upon

Used when an area cannot or should not be
drawn entirely

A series of lines of various shapes or sym-
bols used to depict an area that is a cross
section of the whole object and also depicts
the type of material to be used in construc-
tion

Extend, but do not touch, the object lines
and permit dimension lines to be drawn
between them

A series of short and long dashes used to
designate the center of doors, v.indows, and
circles and to provide a reference point for
dimensioning

Show the main outline of the building
including exterior walls, interior partitions,
porches, patios, driveways, and interior
walls; these lines should be the outstanding
lines on a drawing

88

1. Object lines

2. Center lines

3. Leaders

4. Extension lines

5. Section lines

6. Cutting-plane lines

7. Hidden lines

8. Dimension lines

9. Break lines
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TEST

9. List four typical electrical specifications.

a.

b.

c.

d.

10. Complete the following statements concerning minimum requirements for electrical
devices by inserting the word(s) or numbers which best complete each statement.

a. Rooftop heating, air conditioning, and refrigeration equipment must have a

volt receptacle within 75 feet of equipment.

b. Show windows must have one receptacle for each linear feet.

c. A unit of riot less than that specified in NEC Table 220-3(b) for occupancies listed

therein shall constitute the minimum lighting load for each

of floor area.

d. Disconnects are required by code for and

11. Determine motor-circuit wire sizes by using he NEC.

a. 1hp 240 volts 14)

b. 2hp 240 volts 34)

c. 3hp 240 volts 34)

d. 7.5hp 240 volts 34,

e. 15hp 240 volts 34)

89
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CIW-65

12. Select true statements concerning load calculations by placing an "X" in the blanks
preceding the true Estatements.

a. Feeder size is determined by branch circuit loads to be supplied. It is
accepted practice to allow a growth factor of 35%.

b. For 3-wire DC or single phase AC, 4-wire, 3 phase and 5-wire, 2 phase sys-
tems, a further demand factor or 70% shall be permitted for that portion of
the unbalanced load in excess of 200 amperes. No reduction is permitted
on the neutral conductor concerning electric discharge lighting.

c Loads for branch circuit calculations are classified in two separate
groups: general purpose receptacle loads and motor loads.

d Concerning temperature calculations, no conductor shall be used in such
a manner that its operating temperature will exceed that designated for
the type of insulated conductor involved.

13. Define demand factor.

14. Select true statements concerning voltage drop by placing an "X" in the blanks preced-
ing the true statements.

a. If voltage drop is too great, electrical equipment can overheat.

b Voltage drop must be considered when feeder and branch circuit conduc-
tors are selected.

c. The formula for calculating voltage drop is

VD= 2 xKxLxl
1000

d. The values that may be used when determining voltage drop are:

VD = Voltage drop
K = Resistivity of conductor material
L = One way length of circuit in feet
I = Current in conductor in amperage
CM = Conductor arer in circular mils
1000 = Length of conductors

90
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TEST

15. Match types of blueprints on the right with their correct descriptions.

a Shows location of building in relationship to 1. Electrical floor plan
layout of land and location of utilities and
site lighting 2. Floor plan

b Clarify placement of exterior lighting and 3. Foundation plan
power outlets

4. Elevations
c Similar 10 electric.! but shows equipment,

wall, and structural support locations 5. Plot plan

d. Shows exact locations of switches, outlets, 6. Details
lighting, and special equipment

e Clarify specific installation requirements
such as j-bolts for site lighting or special
equipment mounting devices

f Shows structural support characteristics of
building which is pertinent when planning

16. Construct an electrical blueprint. (Assignment Sheet #1)

17. Perform load calculations. (Assignment Sheet #2)

18. Compute lighting loads. (Assignment Sheet #3)

19. Derate neutral loads. (Assignment Sheet #4)

20. Determine maximum numbers of conductors in conduit. (Assignment Sheet #5)

21. Compute voltage drop. (Assignment Sheet #6)

9j



BLUEPRINT READING AND LOAD CALCULATIONS
UNIT I

ANSWERS TO TEST

1. a. 2 e. 4

b. 7 f. 5
c. 3 g. 6
d. 1

2. a. Anchor
b. Register
c. Louver opening
d. Duct section notation
e. Standard ventilator

3. a.
b.
c.
d.
e.
f.

9.
h.
i.

j.
k.

4. a.
b.
c.
d.
e.

f.

9.
h.

5. a.
b.
c.
d.
e.

f.

9.
h.

Shower stall
Water closet
Plain kitchen sink
Meter
Drain
Water heater
Drinking fountain (wall type)
Corner bath
Laundry tray
Corner lavvatory
Hot water tank

f.
9.
h.
i.

I.

Duct section supply
Rainproof ventilator
Fan flexible connection
Duct connection below joist
Duct section exhaust, return

I. Hose rack
m. Vacuum outlet
n. Cleanout
o. Roof sump
p. Gas outlet
q. Drinking fountain (pedestal type)
r. Urinal (stall type)
s. Wash sink
t Shower head
u. Garage drain

Single window in frame wall
Plan view of interior pocket door
Plan view of interior hinged door
Plan view of exterior sliding door in wood frame wall
Multiple windows in frame wall
Plan view of double hung window in frame wall
Plan view of exterior door in wood frame wall
Folding door

Wood
Stone
Glass
Sheet metal flashing
Insulation
Brick
Concrete block
Plaster

9 2
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ANSWERS TO TEST

6. a. Three way switch
b. Double pole switch
c. Low voltage wire
d. Horn
e. Fused switch
f. Flourescent light
g. Single dole switch
h. Switch with pilot light
i. Bell
j. Push button
k. Square recessed light (size varies)
I. Chime
m. Buzzer
n. Switch for low voltage system
o. Circuit breaker
p. Low voltage master switch
q. Duplex receptacle outlet
r. Round recessed light (size varies)
s. Lampnolder
t. Clock outlet
u. Automatic door switch
v. Weatherproof switch
w. Electric door opener
x. Switch leg indicator
y. Relay equipped lighting outlet
z. Split wired receptacle outlet
aa. Weatherproof duplex outlet
bb. Special circuitMust be explained in the key to the symbols
cc. Rectangular recessed light (size varies)
dd. Fan outlet
ee. Lighting outlet
ff. Four way switch
gg. Single receptacle outlet
hh. Computer
ii. Junction box
jj. Lampholder with pull switch
kk. Lighting distribution panel
II. T.V. outlet
mm. Master power service panel

7. a. Lighting panel f. Switch and fuse
b. Generator g. Motor
c. Controller h. Power panel
d. Power transformer i. Overcurrent device
e. Feeders j. Instrument

9 0
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Ii ANSWERS TO TEST

8. a. 3 f. 5
b. 7 g. 4
c. 6 h. 2
d. 8 I. 1

e. 9

9. a. Minimum standards
b. Type of equipment
u. Type of installation
d. Special instructions

10. a. 125
b. 12
c. Square foot
d. Motors, appliances

11. a. #12
b. #12
c. #12
d. #10
e. #6

12. b, d

13. The ; ) of the maximum demand of a system, or part of a system, to the total con-
nected load of a system or the part of the system under consideration

14. All are correct

15. a. 5 d. 1

b. 4 e. 6
c. 2 f. 3

16.-21. Evaluated to the satisfaction of the instructor
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TOOLS AND EQUIPMENT
UNIT II

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify and use tools and equip-
ment found in electrical trades. Competencies will be demonstrated by completing the job
sheets and the unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to tools and equipment with their correct definitions.

2. Identify types of conduit benders.

3. Identify wire termination tools.

4. identify wire and cable pulling equipment.

5. Identify conduit cutting and threading tools.

6. Identify knockout cutters.

7. List two power actuated tools used in the electrical trade.

8. List two types of excavation equipment.

9. Demonstrate the ability to:

a. Bend, cut, ream, and thread 1/2-inch rigid metal conduit. (Job Sheet #1)

b. Bend EMT stub-ups. (Job Sheet #2)

c. Make back-to-back bends on 1/2-inch EMT. (Job Sheet #3)

5
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OBJECTIVE SHEET

d. Make offset bends on 1/2-inch EMT. (Job Sheet #4)

e. Bend and install 112-inch EMT. (Job Sheet #5)

f. Bend a three-point saddle on 1/2-inch EMT. (Job Sheet #6)

g. Bend a four-point saddle on 1/2-inch EMT. (Job Sheet #7)

h. Cut, ream, offset, and install connectors on 112-inch PVC. (Job Sheet #8)

041 0



TOOLS AND EQUIPMENT
UNIT II

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE. This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information sheet.

E. Discuss information sheet.

F. Provide students with job sheets.

G. Discuss and demonstrate the procedures outlined in the job sheets.

H. Integrate the following activities throughout the teaching of this unit:

1. Have local equipment company demonstrate excavation equipment.

2. Take tour of factory to look at bends on piping.

3. Have supply house bring different kinds of tools and equipment to demonstrate.

4. Review safety rules relating to proper use of equipment.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.

97
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REFERENCES USED IN WRITING THIS UNIT

A. Greenlee Tool Catalog. Rockford, IL Greenlee Tool Company, 1985.

B. Taylor, Mark. Residential Wiring. Revised. Stillwater, OK: Mid-America Vocational Curric-
ulum Consortium, 1983.

C. Teague, Cash and Garner Pewewardy. Industrial Electricity: In-Plant Distribution. Still-
water, OK: Oklahoma Curriculum and Instructional Materials Center, 1984.
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TOOLS AND EQUIPMENT
UNIT II

INFORMATION SHEET

1. Terms and definitions

A. Backhoe Machine used for digging ditches on construction sites

B. Bender Used for bending pipe used in electrical trades

C. Cable bender Used for bending large conductors

D. Cable cutters Used in cutting conductors

E. Cutting tools Saws used in cutting conduit for electrical insulations

F Fish tape Metal tape used to run through a conduit for the pulling of con-
ductors

G. Hammer drills Used to bore through concrete

H. Jet line Line sucked through a conduit by vacuum so a rope or tape can
be pulled through a conduit

I. Knockout cutter Used to cut holes, slots, and cuts in electrical poxes
and studs

J. Pulling equipment Used for pulling multiple and large conductors
through a conduit. These may be manual or electrically operated.

K. Pulling lube Wax based product that allows the conductors to pass
through the conduit causing less friction

L. Pulling sleeve Attaches around the end of conductors so they may be
pulled through a conduit

M. Ram-set gun Uses charges that shoot studs and tie downs in concrete,
metal, and wood

N. Strippers Used for removing insulation from conductors

0. Threading tools Used to thread pipe so electrical fittings may be
attached to conduit

P Trencher Machine used for digging trenchbs

9 9
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INFORMATION SHEET

II. Types of conduit benders

(NOTE: There are four basic types of benders used in the electrical field: manual,
hydraulic, mechanical, and PVC.)

A. Manual conduit benders

1. Rigid bender 2. Hickey bender

3. One shot offset

I 00
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INFORMATION SHEET

B. Hydraulic conduit benders

1. Manual hydraulic bender 2. Rigid bender

3. Table bender

CIW-77
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C.

INFORMATION SHEET

Mechanical conduit benders

1. Rigid bender 2. EMT bender

D. PVC bender

1. Electric PVC heater

3. PVC pipe plugs

102

2. PVC blanket



INFORMATION SHEET

Ill. Wire termination tools

CIW-79

(NOTE: When terminating copper always use copper or copper clad lugs. When
using aluminum always use aluminum lugs.)

A. Cable cutters

1. Manual cutters 2. Hydraulic cutters

D.
,-, Wire strippers and crimpers

1. Combination tool

I 03

3. Ratchet cutters

2. Adjustable wire
strippers
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INFORMATION SHEET

3. Stripper/cutter

C. Cable stripper and bender

4. Hydraulic crimper

1. Cable stripper

104
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2. Cable bender
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INFORMATION SHEET

IV. Wire and cable pulling equipment

(NOTE: Pulling wire and cable through a conduit requires special tools. Tool use
will vary depending on the conductor distance, size, and length.)

A. Fish tape

C. Electric puller

E. Pulling sleeve

ki:ft ------

B. Manual puller

D. Pulling rope

F. Jet line

CIW-81
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G. Pulling lube

INFORMATION SHEET

it
PULLING

Wag

V. Conduit cutting and threading tools

(NOTE: Equipment used in cutting and threading can be dangerous. Use caution
when operating.)

A. Cutting tools

1. Hacksaw

3. Portable band saw

2. Band saw

10r



INFORMATION SHEET

B. Threading tools

1. Pipe stand

3. Manual die set

CIW-83

2. Electric die set

4. Electric portable threader
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INFORMATION SHEET

VI. Knockout cutters

(NOTE: Knockout cutters are used for making holes, slots, aid cuts tot electrical
devices to be installed.)

A. Manual K.O.

C. C-punch K.O.

B. Ratchet K.O. and
hydraulic K.G.

D. Stud punch

1 08



MFORMATION SHEET

VII. Power actuated tools

(NOTE: Never use these tools without first taking a safety test and getting
approval from the instructor. These tools can be extremely dangerous.)

A. Hammer drill

VIII. Excavation equipment

B. Ram-set gun

(NOTE: Special training must be taken before operating excavation equipment.
Always have a locator on site before digging. This prevents cutting of gas, electri-
cal, and telephone lines.)

A. Trencher B. Backhoe

1 0 5
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TOOLS AND EQUIPMENT
UNIT II

JOB SHEET #1 BEND, CUT, REAM, AND THREAD
112-INCH RIGID METAL CONDUIT

A. Equipment and materials needed

1. Eye protection

2. Hacksaw

3. 10-foot piece of 1/2-inch rigid metal conduit

4. 3/4-inch EMT bender with handle

5. Reaming tool

6. 1h-inch conduit pipe die

7. Cutting oil

8. Hickey's pipe vise

9. Measuring tape and marking pencil

B. Procedure

1. Put on eye protection.

2. Measure and mail( conduit for 18-inch stub-up.

(NOTE: Check 3 /4inch EMT bender for take up.)

3. Place bender on conduit with "B" on bend mark.

4. Bend conduit, holding heavy foot pressure on bender.

5. Use hacksaw to cut off stub-up and 90-degree bend.

6. Place cut off piece of conduit in vice for threading.

7. Ream inside ends of conduit.

8. Thread end of stub, using 1/2-inch conduit pipe die and plenty of cutting oil.

9. Remove die and examine threads.

(NOTE: It die was good and an adequate amount of cutting oil was used, the
threads should be smooth with sharp ridges.)

II 0
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JOB SHEET #1

10. If threads are ragged, cut them off and repeat steps 8 and 9.

(NOTE: Show work to instructor foi evaluation and commeus.)

11. Clean work area; return equipment and materials to proper storage.
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UNIT II

JOB SHEET #2 - BEND EMT STUBUPS

A. Equipment and materials needed

1. Measuring tape and marking pencil

2. 1/2-inch EMT bender with handle

3. 10-foot piece of 1/2 inch EMT

4. Hacksaw

5. Eye protection

B. Procedure

(NOTE: All benders are not marked alike. Check your bender, and use measurements
given for it.)

1. Measure and mark tubing 11 inches from end to be bent.

2. Subtract 5 inches from mark made in step 1; mark this measurement.

(NOTE: This measurement varies for each size tubing.)

3. Put on eye protection.

4. Place conduit bender on tubing in position to bend toward end of tubing opposite
marked end. (Figure 1)

FIGURE 1
..

Kick Pad

Tubing

r- 11"

5" Il+41'1

1.12
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JOB SHEET #2

5. Place bender mark "B" on mark made in step 2. (See Figure 1)

6. Position tubing and bender on floor with one foot on the bender heel, keeping
bender mark "B" on conduit mark.

7. Place heavy foot pressure on bender kick pad.

8. Make one sweeping movement of bender handle until tubing is perpendicular to
floor.

9. Before removing bender, measure height of tubing end above floor. (Figure 2)

(NOTE: If bend is an exact 90 degrees, the end will be 11 inches above the floor.)

FIGURE 2

Hand Pressure

I

Foot Pressure

10. Remove bender.

(NOTE: Show your work to the instructor for evaluation and comment.)

11. Use hacksaw to cut off bent end of tubing.

12. Practice procedure by repeating steps 1 through 11 as many times as possible,
using up the 10 feet of tubing.

13. Clean work area; return equipment and materials to proper storage.

1 1 3



urfetits r ILar% PU lanaam-r1 %/VI-0 MIL/ GC.UROIr tin
r.t

UNIT II

JOB SHEET #3 MAKE BACKTOBACK BENDS ON 112-INCH EMT

A. Equipment and materials needed

1. 10 feet of 1/2-inch EMT

2. Republic bender, Catalog #1472 or similar

3. Hacksaw

4. Measuring tape and marking pencil

5. Eye protection

B. Procedure

1. Measure 30 inches for distance D shown in Figure 1

FIGURE 1

O

O

X

Used with permission of Republic Steel Corporation.

2. Mark tubing at points X and Y (D distance) shown in Figure 1.

3. Put on eye protection.

1 "1 4
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4. Place bender point "A" on tubing at point X as shown in Figure 2.

FIGURE 2

Kick Pad

X k---- D--1 Y

5. Place heavy foot pressure on bender kick pad.

6. Make one sweeping movement with bender handle until tubing is perpendicular
to floor.

7. Remove bender.

8. Place bender mark "A" on tubing at point Y in position to bend toward point X;
make sure that stubup (made in step 5) points straight up. (Figure 3)

FIGURE 3

Used with permission of Republic Steel Corporation.

115



C1W-93

JOB SHEET #3

9. Repeat steps 5 and 6.

10. Remove bender.

11. Check distance from back to back.

(NOTE: If bender point "A" did not slip and bends are truly 90 degrees, the mea-
surement will be 30 inches, the distance of D.)

(NOTE: Show your work to the instructor for evaluation and comment.)

12. Use hacksaw to cut off bent end of tubing.

13. Practice procedure by repeating steps 1 through 12 as many times as possible,
using up the 10 feet of tubing.

14. Clean work area; return equipment and materials to proper storage.



TOOLS AND EQUIPMENT
UNIT

JOB SHEET #4 - MAKE OFFSET BENDS ON 1/2-INCH EMT

A. Equipment and materials needed

1. 112-inch EMT bender

2. 10 feet of 112-inch EMT

3. Measuring tape and marking pencil

4. Hacksaw

5. Eye protection

B. Procedure

1. Measure 15 inches from end of tubing for distance D shown in Figure 1.

(NOTE: This measurement represents the distance from outlet box to object to
be passed.)

FIGURE 1

Dv
X
15"
D

Guideline Mark

01

Used with permission of Republic Steel Corporation.

2. Mark the tubing at point Y shown in Figure 1.

3. Measure back 8 Inches from point Y, and m rk tubing at this measurement to
establish point X.

(NOTE: The 8-inch number is determined by taking half the height of the offset
and adding 5 inches.)

I 1 7
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JOB SHEET #4

4. Put on eye protection.

5. Place bender point "B" on tubing at point X, with bender in position to bend
toward object to be passed.

6. Make 45-degree bend.

7. Remove bender.

8. Reverse the tubing and slip the end of it through holding hook on bender so that
the lower part of the 45-degree bend is in line with the 6-inch depth measurement
on side of bender as shown in Figure 2; mark tubing at point B.

FIGURE 2

Bottom of Tubing

6" Mark
.1111

Used with permission or' Republic Steel Corporation.

9. Remove bender, and place on tubing with bender point "B" at 6-inch mark.

10. Make 45-degree bend.

11. Remove bender.

(NOTE: This step completes the offset. Show work to instructor for evaluation
and comments.)

12. Use hacksaw to cut off offset.

13. Practice procedure at least five times, making 1-inch, 2inch, 3-inch, 4-inch, and 5-
inch offsets.

14. Clean work area; return equipment and materials to proper storage.
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TOOLS AND EQUIPMENT
UNIT II

JOB SHEET #5 BEND AND INSTALL 1/2-INCH EMT

A. Equipment and materials needed

(NOTE: Refer to NEC, Articles 300 and 110.)

1. Pouch tools

2. Eye protection

3. Hacksaw

4. 1/2-inch conduit bender

5. 20 feet of 1/2-inch EMT

6. Two 4inch square outlet boxes with mounting screws

7. Space to install 20 feet of tubing with three 90-degree bends and a 4-inch square
box at each end

8. Four 1/2-inch one-hole straps, or other supports

9. EMT couplings and connectors, setscrew or raintight

B. Procedure

1. Mount the two outlet boxes as shown in Figure 1.

FIGURE 1

First 90° Bend

OneHole Straps

Outlet Box #1

1 I 9

Second 90° Bend

1'6"

Third 90° Bend

F____ 1'

Outlet Box #2
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JOB SHEET #5

2. Open knockout holes only %. ere needed for tubing connectors.

3. Install one EMT connector in each outlet box.

4. Measure distance and tubing for first 90-degree bend shown in Figure 1.

5. Make bend.

6. Measure tubing for second 90-degree bend.

7. Make bend.

8. Install and fasten tubing as shown in Figure 1.

(NOTE: Refer to NEC Article 348-12 regarding straps.)

9. Measure distance and tubing for third 90-degree bend.

10. Bend tubing and install.

(NOTE: If necessary, cut tubing to fit spacing. Be sure to wear eye protection
when using hacksaw. Show work to instructor for evaluation and comments.)

11. Clean work area; return equipment and materials to proper storage.

121)
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TOOLS AND EQUiPMEW
UNIT II

JOB SHEET #6 - BEND A THREE-POINT SADDLE ON 1/2INCH EMT

A. Equipment and materials needed

1. 1/2" EMT bender

2. 10' 1/2" EMT

3. Pouch tools

4. 2" O.D. pipe

5. 2" pipe straps

6. 2 1900 boxes

7. 2 1/2 connectors

8. 2 1/2 one hole straps

9. 8 #10 x 1" GMS

10. Eye protection

B. Procedure

1. Put on eye protection.

2. Mount the 2" pipe in the center of a 4' x 8' sheet of plywood, then mount the 2
1900 boxes. (Figure 1)

FIGURE 1 cp 1 4 "

z '

LU U-I

2" Pipe

8"TEL2'

I
I
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JOB SHEET #6

3. Measure from the bottom 1900 box to the center of the obstruction. (Figure 2)

FIGURE 2

0

11

4. Mark this measurement on the 1/2" EMT. (Figure 3)

FIGURE 3

A

0

1 36"-I
5. Measure the height of the obstruction. Move mark "A" ahead 3/16 if inch for

each inch of obstruction height. This becomes the center of the saddIP (Figure 4)

FIGURE 4

A

I I 3

16

3 6

16

3

1 8
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JOB SHEET It

6. For each inch of obstruction height multiply that amount by 2 1/2. This will give
you distance "121 between mark "A" and "B" and between mark "A" and "C".
(NOTE: 2 1/2 is a constant.) (Figure 5)

FIGURE 5

C A

7. Place the bender rim notch or teardrop on mark "A" and pull to 45°. (Figure 6)

FIGURE 6



JOB SHEET #6

8. Align mark "B" with the arrow on the bender and pull to 22 ,/2°. Repeat this by
marking a 22 112° bend at mark "C" also at the arrow. (Figure 7)

FIGURE 7

B

C

45°

9. Install the conduit between the 1900 boxes.

10. Show work to instructor for evaluation and comments.

11. Clean work area and return equipment and materials to proper storage.
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TOOLS AND EQUIPMENT
UNIT II

JOB SHEET #7 - BEND A FOUR-POINT SADDLE ON 112-INCH EMT

A. Equipment and materials needed

1. 1/2-inch EMT bender

2. 10-foot piece of 1/2-inch EMT

3. Measuring tape

4. 2-by-4 beam to be saddled

5. Eye protection

B. Procedure

1. Put on eye protection.

2. Make a 4-inch offset bend. (Figure 1)

(NOTE: Half the height of offset [2 inches] plus 5 inches for 1k-inch conduit
equals 7-inch total.)

FIGURE 1

Place "X" on mark "B" in
bender with hook toward
box end of tube.

:7 ,
S. .., ...,.

45° ,-.. - Guideline Mark

H 5" 471'
X Y

15" 0-1

D

Used with permission of Republic Steel Corporation.
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JOB SHEET #7

3. Lay offset across beam to be saddled, and mark tubing at point D shown in Fig-
ure 2

FIGURE 2

AHeight of Offset
B-- Distance from Box to Offset
CWidth of Bear.,
DMark Tube

I-- c ---1

A

Used with permission of Republic Steel Corporation.

4. Place tubing in bender, with bender point "B" at mark D, and bender hook toward
finished part of offset (Figure 3)

FIGURE 3

Used with permission of Republic Steel Corporation.

5. Make a 45-degree bend, and remove bender.

126
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JOB SHEET #7

6. Complete this leg of saddle by sighting along edge of tubing to the 4-inch mark
on bender as shown in Figure 4; mark tubing at 4-inch mark.

FIGURE 4

Used with permission of Republic Steel Corporation.

7. Remove bender, and place on tubing with bender point B at 4-inch mark.

8. Make a 45-degree bend, and remove bender.

9. Place saddle over beam.

(NOTE: Show work to Instructor for evaluation and comments.)

10. Clean work area; return equipment and materials to proper storage.
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TOOLS ANL EQUIPMENT
UNIT II

JOB SHEET #8 CUT, REAM, OFFSET, AND INSTALL
CONNECTORS ON 1!2 -INCH PVC

A. Equipment and materials needed

1. 10 feet of 112-inch PVC

2. Hacksaw

3. Skinning knife or other reaming tool

4. 2 1/2-inch PVC connectors

5. PVC cement

6. Eye protection

7. Measuring tape and marking pencil

B. Procedure

1. Put on eye protection.

2. Measure and mark a 24-inch segment of PVC.

3. Cut off 24-inch piece, using hacksaw.

(NOTE: PVC is soft enough to cut with a wood handsaw without damaging the
saw.)

4. Using knife or reaming tool, remove burrs from inside and outside of cut conduit.

(NOTE: Cleaner must be used if conduit has dirt or oil on it.)

5. Using PVC bender, bend two box offsets and install 112" PVC connectors.

6. Install PVC coupling on cleaned piece of PVC.

a. Apply PVC cement to conduit only.

(NOTE: Close PVC cement container Immediately after use. When PVC
cement is applied to the feMale end of a splice, the cement is forced back
into the conduit interior. When hard, it can damage insulation on wire and
make pulling much more difficult)

b. Quickly insert conduit into connectors; twist the coupling one-quarter to
one-half turn; let set for sixty seconds.

(NOTE: Show work to instructor for evaluation and comments.)

7. Clean work area; return equipment and materials to proper storage.
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C TOOLS AND EQUIPMENT
UNIT II

JOB SHEET #1 PRACTICAL TEST BEND, CUT, REAM, AND THREAD
1/2-INCH RIGID METAL CONDUIT

STUDENT'S NAME DATE

CIW-109

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whe,her or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Marked conduit 18 inches.
3. Set bender on B mark.
4. Cut off 90° bend.
5. Reamed conduit.
6. Used cutting oil on pipe.
7. Checked for condition of threads.
8. Threaded both ends of pipe.
9. Checked inlput away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner ( hrs. _min. __sec.)
13. Practiced safety rules throughout procedure.
14. Provided satisfactory responses to questions asked.

EVALUATCR'S COMMENTS:

129
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Proper cut
4 3 2 1

90° bend on pipe
4 3 2 1

Thread depth
4 3 2 1

Thread length
4 3 2 1

Conduit reamed
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS:

'PERFORMANCE EVALUATION KEY

A Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is nuked to develop skill.
1 Unskilled --- Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

131)



/III TOOLS AND EQUIPMENT
UNIT H

JOB SHEET #2 PRACTICAL TEST - BEND EMT STUBUPS

STUDENT'S NAME DM E

EVALUATOR'S NAME ATTEMPT NO.

CIW-111

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the studPnt has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Measured 11 inches to bent end.
3. Subtracted 5 inches from step 1.
4. Placed bender on proper mark and end.
5. Placed bender on mark B.
6. Put proper foot pressure on bender.
7. Stub is 11" from floor.
8. Cut pipe square with saw.
9. Reamed pipe outside and inside.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner ( hrQ _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

131



112

JOB SHEET #2 PRACTiCAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Stub is 11" from floor

4 3 2 1

EMT cut square

4 3 2 1

Reamed properly

4 3 2 1

Workmanship

4 3 n4.

Compliance to NEC
1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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UNIT II

JOB SHEET #3 PRACTICAL TEST - MAKE BACK-TO-BACK BENDS
ON 1/2-INCH EMT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Measured pipe 30'.
3. Placed bender at correct points.
4. Used proper foot pressure.
5. Cut pipe straight.
6. Reamed pipe inside and outside.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner ( hrs. min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Bent to proper dimen-
sions

4 3 2 1

Straight cut

4 3 2 1

EMT reamed properly

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS.

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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UNIT II

JOB SHEET #4 PRACTICAL TEST - MAKE OFFSET BENDS
ON 1/2-INCH EMT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Measured 15 inches from end.
3. Placed bender on correct marks.
4. Made 45° bend.
5. Placed bender on correct mark.
6. Made 45° bend.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner ( hrs. _min _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS.

YES NO

1 3 5
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the ioilowing criteria by circling the appropriate num
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Cut EMT straight

4 3 2 1

Reamed EMT

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and diviae by the total number of criteria.)
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TOOLS AND EQUIPMENT
UNIT II

JOB SHEET #5 PRACTICAL TEST - BEND AND INSTALL 1/2INCH EMT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Mounted boxes properly.
3. Measured pipe.
4. Made 90° bends in pipe.
5. Strapped pipe.
6. Cut pipe square.
7. Reamed outside and inside of pipe.
8. Instal!ed connectors in bores.
9. Tightened connector to pipe.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner '. _hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performanceevaluation key below.) If the student is unable to demonstrate mastery, student materialsshould be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1
Pipe measurement cor-
rect

4 3 2 1
EMT measurements cor-
rect

4 3 2 1
90° bends accurate

4
Tubing fastened securely

4
Workmanship

3 2 1

3 2 1

4 3 2 1
Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is neeoed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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TOOLS AND EQUIPMENT
UNIT II

JOB SHEET #6 PRACTICAL TEST - BEND A THREEPOINT SADDLE
ON 1/2INCH EMT

STUDENT'S NAME DATE

CIW-119

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask y it instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Mounted equipment properly.
3. Obtained proper measurements.
4. Marked conduit carefully.
5. Placed bender on correct mark.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student ;s unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Conduit saddle proper
height

4 3 2 1

Center of saddle directly
over obstruction

4 3 2 1

Bends accurate

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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TOOLS AND EQUIPMENT
UNIT II

JOB SHEET #7 PRACTICAL TEST BEND A FOUR-POINT SADDLE
ON 1/2-INCH EMT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Measured conduit.
3. Placed bender on correct mark.
4. Laid across beam and marked tubing.
5. Placed bender on correct mark.
6. Measured conduit.
7. Used correct foot pressure.
8. Cut conduit straight.
9. Reamed outside and inside of conduit.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner ( hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #7 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be tated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Pipe measurements cor-
rect

2 1

4 3 2 1

Bends match

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

14 2



TOOLS AND EQUIPMENT
UNIT II

JOB SHEET #8 PRACTICAL TEST - CUT, REAM, OFFSET, AND
INSTALL CONNECTORS ON 112 -INCH PVC

STUDENT'S NAME DATE

CIW -123

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to obs Rye the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an cverall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student-has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Cut conduit straight.
3. Reamed conduit.
4. Applied cleaner to pipe.
5. Applied cement to conduit.
6. Turned coupling 1/4 turn.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner ( hrs. _min _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

£L)
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JOB SHEET #8 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the 3tudent on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and P ; other product must be submitted for evaluation.)

Criteria:

4

Measured pipe correctly

3 2 1

4

Placed bends at correct
points

3 2 1

4

45° bend

3 2 1

4

Workmanship

3 2 1

4

Compliance to NEC

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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TOOLS AND EQUIPMENT
UNIT II

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a. Machine used for digging trenches

b Machine used for digging ditches on con-
struction sites

c. Used to bore through concrete

d. Saws used in cutting conduit for electrical
insulation

e Used for bending large conductors

f. Used to thread pipe so electrical fittings
may be attached to conduit

g. Used for removing insulation from conduc-
tors

h. Used to cut holes, slots, and cuts in electri-
cal boxes and studs

i Used for bending pipe used in electrical
trades

i Used for pulling multiple and large conduc-
tors through a conduit

k. Attaches around the end of conductors so
they may be pulled through a conduit

I Uses charges that shoot studs and tie
downs in concrete, metal, and wood

m Wax based product that allows the conduc-
tors to pass through the conduit causing
less friction

(1. Used in cutting conductors

o Metal tape used to run through a conduit for
the pulling of conductors

______p. Line sucked through a conduit by vacuum
so a rope or tape can be pulled through a
conduit

1.45

CIW-125

1. Backhoe

2. Bender

3. Cable bender

4. Cable cutter

5. Cutting tools

6. Fish tape

7. Hammer drill

8. Jet line

9. Knockout cutter

10. Pulling equipment

11. Pulling lube

12. Pulling sleeve

13. Ram-set gun

14. Strippers

15. Threading tools

16. Trencher
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TEST

2. Identify the following types of conduit benders.

a. Manual conduit benders

1) 2)

3)

146'
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b. Hydraulic conduit benders

CIW-127

2)

3)
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c. Mechanical conduit benders

d. PVC bender

TEST
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3)

3. Identify the wire termination tools shown below.

a. Cable cutters

2)

1) 3)

1 4 n
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T FAT

b. Wire strippers and crimpers

1) 2)

3) 4)

c. Cable strippers and benders

1) 2)

15 0
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TEST

4. Identify the wire and cable pulling equipment shown below.

a. b.

c. d.

e. f.
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TEST

5. Identify conduit cutting and threading tools shown below.

a. Cutting tools

2)

3)

r
1
i t.)04,
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b. Threading tools

1)

3)

,IS
¢? '4 it,

2)
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TEST

6. Identify the following knockout cutters.

a b. c.

d e.



TEST

7. List two power actuated tools used in the electrical trade.

a.

b.

8. List two types of excavation equipment.

a.

b.

CIW-135

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

9. Demonstrate the ability to:

a. Bend, cut, ream, and thread 1/2-inch rigid metal conduit. (Job Sheet #1)

b. Bend EMT stub-ups. (Job Sheet #2)

c. Make back-to-back bends on 112-inch EMT. (Job Sheet #3)

d. Make offset bends on 112-inch EMT. (Job Sheet #4)

e. Bend and install 112-inch EMT. (Job Sheet #5)

f. Bend a three-point saddle on 112-inch EMT. (Job Sheet #6)

g. Bend a four-pu;nt saddle on 112-inch EMT. (Job Sheet #7)

h. Cut, ream, offset, and install connectors on 1/2-inch PVC. (Job Sheet #8)

1
5 5
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TOOLS AND EQUIPMENT
UNIT H

ANSWERS TO TEST

3
15
14
9

2. a. 1) Hickey bender
2) Rigid bender
3) One shot offset

c. 1) Rigid bender
2) EMT bender

3. a. 1) Ratchet cutters
2) Manual cutters
3) Hydraulic cutters

c. 1) Cable bender
2) Cable stripper

4. a.
b.
c.
d.

Pulling rope
Fish tape
Manual puller
Pulling sleeve

5. a. 1) Band saw
2) Hacksaw
3) Portable band saw

6. a.
b.
c.

Ratchet K.O.
Hydraulic K.O.
C-punch K.O.

7. a. Hammer drill
b. Ram-set gun

8. a. Trencher
b. Backhoe

m.
n.
o.
p.

11

4
6
8

b. 1) Table bender
2) Manual hydraulic bender
3) Rigid bender

d. 1) Electric PVC heater
2) PVC blanket
3) PVC pipe plugs

b. 1) Combination tool
2) Adjustable wire strippers
3) Stripper/cutter
4) Hydraulic crimper

e. Jet line
f. Electric puller

b. 1) Pipe stand
2) Electric die set
3) Manual die set
4) Electric portable threader

d. Stud punch
e. Manual K.O.

9. Performance skills evaluated to the satisfaction of the instructor.

I 5
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SERVICE
UNIT HI

UNIT OBJECTIVE

After completion of this unit, the student should be able to install 100 amp service and deter-
mine switch gear, service entrance, drop clearances, laterals, and emergency standby sys-
tems. Competencies will be demonstrated by completing the job sheets and the unit tests
with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to service with their correct definitions.

2. Complete statements concerning NEC requirements for drop clearance and lat-
erals.

3. Select true statements concerning switch gears and disconnects.

4. Match NEC exceptions for overcurrent protection devices with their correct state-
ments.

5. Complete statements concerning grounding electrodes and ground fault.

6. Select true statements concerning service entrance devices.

7. Complete statements concerning emergency and standby systems.

8. State the procedure for balancing loads.

9. Demonstrate the ability to:

a. Install an overhead raceway with service entrance conductors to a meter
base. (Job Sheet #1)

b. Connect meter base assembly to load center or panel. (Job Sheet #2)
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SEF1VICE
UNIT III

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included in this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Invite a local power company representative to discuss the uses of emergency and
stand by equipment and NEC regulations dealing with services.

2. Ta%e students on a field trip to a power company.

3. Have a supply house representative demonstrate the different devices for serv-
ices.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.

REFERENCES USED IN WRITING THIS UNIT

A. Naticlal Electrical Code, 1987. Quincy, MA: National Fire Protection Association, 1986.

B. Stallcup, James C. Designing Electrical Systems. Alsip, IL: American Technical Pub-
lishers, Inc., 1984.
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SERVICE
UNIT III

INFORMATION SHEET

I. Terms and definitions

A. CT Current transformer

B. Disconnects Devices used for breaking a circuit which may be fused or
unfused

C. Equipment grounding conductor Conductor used to connect non-cur-
rent-carrying metal parts of equipment to the systemgrounded conductor
or grounding-electrode conductor

D. Ground To connect electrical equipment either intentionally or acciden-
tally to the earth or to some conducting body that serves as the earth

E. Grounded Connected to earth or to some conducting body that serves in
place of the earth

F. Grounded conductor System or circuit conductor that is intentionally
grounded

G. Grounding-electrode conductor Conductor used to connect grounding
electrode to the equipment grounding conductor or to grounding conductor
of ci cult at service equipment or at source of separately derived system

H. PT Potential transformer

I. Service Where power is metered or is first attached to the structure

J. Service drop Power conductors corning into building from power com-
pany

K. Service panel Main control panel where voltage and current are distrib-
uted to different locations

(NOTE: This may also be referred to as a distribution panel or panelboard.)

L. Switch gear Devices used for disconnecting power on electrical circuits

II. NEC requirements for drop clearance and laterals

A. There are two types of services used in the electrical trade: overhead and
underground (lateral). Overhead services have different code requirements
than underground.

B. Overhead services must t. Jcific size and have a minimum clearance
from finished grade.
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INFORMATiON SHEET

C. The smallest conductors that can be used on a service are #8 copper or #6
aluminum. In special cases #12 hard-drawn copper may be used on branch
or small equipment.

(NOTE: Refer to NEC Article 230-23.)

D. Clearances for service drops must comply with the NEC. Service drop con-
ductors passing over a roof must be at least 8 feet above the roof.

(NOTE: Refer to NEC Article 230-24.)

E. There are two NEC exceptions which pertain to service drops.

1. Exception #1 allows service drops to pass 3 feet above the roof when
the roof has a slope of 4 inches in 12 inches and the voltage is not in
excess of 300 volts. When voltage is in excess of 300 volts, an 8 feet
clearance must be used.

(NOTE: Refer to NEC Article 230-24.)

2. Exception #2 allows the service drop to be attached to the service
mast when the drop does not pass over 4 feet of roof and the mast is
at least 18 inches above the roof line.

F. Service drop conductors rated at 600v or less have minimum clearances.

(NOTE: Refer to NEC Article 230-24[b].)

G. An underground service lateral must have a conductor size of at least #8
copper or #6 aluminum.

(NOTE: Refer to NEC Article 230-31.)

111. Switch gears and disconnects

A. A switch gear is used for breaking the current or voltage from the meter
base to the means of disconnection before being allowed to enter branch
circuits.

B. Service disconnects are readily accessible for breaking the power entering
a buildinn. More than one disconnect may be used on a service.

(NOTE: Refer to NEC Articles 230-71 and 230-72.)

C. All service disconnects have overload protection. The disconnect must be
large enough to carry the computed load it supplies.

(NOTE: Refer to NEC Article 230-79.)

iq3
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INFORMATION SHEET

IV. NEC exceptions for overcurrent protection devices

(NOTE: Overcurrent protection devices must not be greater than the load carrying
capacity of the service entrance conductors. There are four exceptions to NEC
Article 230-90 for overcurrent protection for services.)

A. Exception 1 An overcurrent protection device may be overfused to allow
motors to attain running speed

B. Exception 2 If not a standard size, the next higher standard size overcur-
rent protection device is used

C. Exception 3 Two to six CBs or fuses may serve as overcurrent protection
devices

D. Exception 4 An overcurrent protection device must be rated to carry
locked-rotor current of fire pump motors

V. Grounding electrodes and ground fault

A. There are f,-..,:ir tyl:mo cif c!cctrorie grounding systems used in electrical
trades.

(NOTE: Refer to NEC Article 250-81.)

1. Metal water pipe

2. Building steel

3. Reinforcing rod (20 feet minimum l3ngth)

4. Ground ring

B. A ground is required if the power company's transformer is grounded.

(NOTE: Refer to NEC Article 250- 231b].)

VI. Service entrance devices

A. Conductcr sizes of 1/0 or larger comprising each phase to neutral will be
permitted to be connected in parallel. This means two conductor are used
as one.

(NOTE: Refer to NEC Article 310-4.)



152

INFORMATION SHEET

B. A potential transformer steps the voltage down so voltage measuring
devices may be used. 0

-1:;;;?

C. A current transformer is a doughnut type device used in measuring current.
An amprobe clamp-on ammeter is a current transformer. These are used in
metering large services.

VII. Emergency and standby systems

(NOTE: Refer to NEC Article 700.)

A. Separate, derived systems such as a generator or battery backup are used
when the incoming voltage from the power company is interrupted or cut
off. These systems are used in hospitals, factories, and stores where elec-
tricity is a must.

B. An automatic transfer switch senses a voltage loss and automatically
switches a system to emergency power.

val. Balancing toads When balancing loads on panels, transformers, and switching
equipment, an amprobe should be used to determine amperage on each circuit.
The sum of the loads on each phase should be close to equal value.

&I) 5
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SERVICE
UNIT III

JOB SHEET #1 - INSTALL AN OVERHEAD RACEWAY WITH
SERVICE ENTRANCE CONDUCTORS TO A METER BASE

A. Equipment and materials needed

1. Flat blade screwdriver

2. Lineman's pliers

3. Hammer

4. Knife

5. Hacksaw

6. Folding rule with sliding scale

7. 30 meter base

8. Service entrance cap (1 1/2" clamp-on type)

9. 3' of 11/2" rigid metal conduit (threaded on one end,

10. 12' of #2 copper TW (two 6' pieces)

11. 6' of #4 copper

12. Safety glasses

B. Procedure

1. Gather equipment and materials.

2. Screw threaded end of raceway into hub. (Figure 1)

FIGURE 1

1 E 1-3
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JOB SHEET #1

3. Remove cover and separator from weatherhead. (Figure 2)

FIGURE 2

4. Clamp weatherhead base onto the end of the service raceway. (Figure 3)

FIGURE 3

5. Install conductors in the raceway.

(NOTE: Start at weatherhead end.)

6. Connect grounded conductor to grounding lug.

(NOTE: When possible leave grounded conductor long enough to connect to d!s-
connect equipment grounding bar.)

7. Remove 1" to 1 1/2" of insulation from ungrounded conductors and connect to
line lugs.

8. Knock out four outlined holes in the entrance cap separator.

9. Put grounded conductor through center hole.
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JOB SHEET #1

10. Put ungrounded conductors through side holes. (Figure 4)

FIGURE 4

Toward meter base

11. Gently start forming conductors so the separator will fit back in the base.

(NOTE: Care must be taken while you are bending the curvature in the conduc-
tors to prevent damage to the plastic conductor separator.)

12. Replace service entrance cap cover.

(NOTE: Show work to instructor for evaluation and comments.)

13. Clean work area and put away all equipment and materials.
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SERVICE
UNIT III

JOB SHEET #2 - CONNECT METER BASE ASSEMBLY TO
LOAD CENTER OR PANEL

A. Equipment and materials needed

1. Screwdriver

2. Lineman's pliers

3. Hammer

4. Knife

5. Level

6. Rule

7. Awl

8. Meter base assembly from Job Sheet #1

9. Two 1 lk" insulating bushings

10. Four 1 1/4" locknuts

11. One 1 1/4" reamed nipple long enough to connect meter base to distribution
panel

(NOTE: Nipple, bushings, and locknuts can be larger than 1 1/4" if conductor size
or necessity mandates.)

12. #4 copper (1 piece)

13. #2 TW copper (3 pieces)

14. Eight 1" #12 metal tapping screws

15. One 100 amp 3 phase 3 wire SN. load center

16. One 1 1/2" rigid conduit strap

17. 2" x 4" mock up wall or roughed in residential dwelling

18. Safety glasses

1E9
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JOB SHEET #2

B. Procedure

1. Gather equipment and materials.

2. Mount load center between studs with metal tapping screws.

(NOTE: Panel height should be adjusted so that knockouts will line up with meter
base between 5' and 6'. The utility company will give you their recommended
height.)

3. Remove load center knockout that will align with meter base at correct height.

4. Install nipple in opening with a locknut on the backside of load center and a lock-
nut and bushing on the inside. (Figure 1)

(NOTE: Be sure that locknuts are installed tightly with teeth into the metal. Also
be sure to check local codes on bonding.)

FIGURE 1

5. Remove appropriate knockout from meter base.

6. Put back up locknut for meter base on nipple.

7. Place nipple through meter base knockout and secure loosely with one screw.
(Figure 2)

(NOTE: Cut off excess nipple; leave only what is needed for locknut and bushing.)

FIGURE 2
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JOB SHEET

8. Install internal locknut and bushing.

9. Place level on side of meter base and secure with mounting screws when leveled.
(Figure 3)

FIGURE 3

10. Put level on service raceway and secure with strap when leveled.

11. Install grounded conductor in nipple and connect to meter base and load center
grounded lugs.

(NOTE: Make all bends in conductors as square as possible while maintaining a
radius equal to at least five times the diameter. Make sure you stay as far as pos-
sible from load and line lugs in your routing of the grounded conductors.)

12. Install ungrounded conductors in nipple.

13. Strip about 1 1/2" insulation from each of the ungrounded conductors, form
them, and connect to meter load lugs.

14. Form ungrounded conductors in load center.

1 7 i
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JOB SHEET #2

15. Cut off excess and connect to load center line lugs. (Figure 4)

(NOTE: The service system is still without a grounding electrode conductor. This
conductor can ociginate at the load center, or in the meter base. It can terminate
at a cold water pipe or made electrode.)

16. Clean work area and put away all equipment and materials.
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SERVICE
UNIT III

JOB SHEET #1 PRACTICAL TEST - INSTALL AN OVERHEAD
RACEWAY WITH SERVICE ENTRANCE CONDUCTORS TO

A METER BASE

STUDENT'S NAME DATE

CIW-161

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Installed 1 1/2" conduit correct on meter base.
3. Connected service head to 1 1/2" pipe.
4. Installed conductors through pipe.
5. Connected top half of service head.
6. Marked neutral conductor with tape.
7. Secured correctly with screws on wall.
8. Checked inlput away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner ( hrs. min. sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key telow.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Pipe installed correctly
4 3 2 1

Service head properly
connected

4 3 2 1

Marked conductors prop-
erly

4 3 2 1

Correct length on conduc-
tors

4 3 2 1

Mounted correctly
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during tra;ning program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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UNIT III

JOB SHEET #2 PRACTICAL TEST - CONNECT METER BASE
ASSEMBLY TO LOAD CENTER OR PANEL

STUDENT'S NAME

EVALUATOR'S NAME

CM-163

DATE

ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whetheror
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Installed panel correct.
3. Connected 1 1/4" nipple from meter base to panel.
4. Installed conductors from panel to meter base.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs _min _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #2 PRAnTrAl TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" fcr mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Panel mounted correctly

4 3 2 I

Nipple installed correctly

4 3 2 1

Conductor terminated

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVA'.0 kTION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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SERVICE
UNIT III

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a. Potential transformer 1. CT

b. System or circuit conductor that is inten- 2. Disconnects
tionally grounded

3. Equipment grounding
c Devices used for breaking a circuit which conductor

may be fused or unfused
4. Ground

d. To connect electrical equipment either
intentionally or accidentally to the earth or 5. Grounded
to some conducting body that serves as the
earth 6. Grounded conductor

e Current transformer 7. Grounding electrode
conductor

f. Connected to earth or to some conducting
body that serves in place of the earth 8. PT

g. Where power is metered or is first attached 9. Service
to the structure

10. Service drop
h Main control panel where voltage and cur-

rent are distributed to different locations 11. Service panel

i. Power conductors coming into building 12. Switch gear
from power conpany

J. Devices used for disconnecting power on
electrical circuits

k. Conductor used to connect non-current car-
rying metal parts of equipment to the sys-
tem-grounded conductor or grounding-
electrode conductor

I Conductor used to connect grounding elec-
trode to the equipment grounding conductor
or to grounding conductor of circuit at serv-
ice equipment or at source separately
derived system
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TEST

2. Complete the following statements concerning NEC requirements for drop clearance
and laterals by inserting the words/numbers which best complete each statement.

a. There are two basic types of services and

b. Overhead services must be a specific size and have a minimum clearance from
finished

c. The smallest conductors that can be used or a service are cop-
per and aluminum.

d. Service drop conductors passing over a roof must be at least
above the roof.

e. Exception #1 allows servic) drops to pass feet above the roof
when the roof has a slope of 4 inches in 12 inches and the voltage is not in
excess of volts.

f. Exception #2 allows the service dry ) to be attached to the service mast when the
drop does not pass over 4 feet of roof and the mast is at least
inches above the roof line.

g. Service drop conductors rated at or less have minimum clear-
ances.

h. An underground service lateral must have a conductor size of at least
copper or aluminum.

3. Select true statements concerning switch gears and disconnects by placing an "X" in
the blank(s) preceding the true statement(s).

a. A switch gear is used for breaking the current or voltage from the meter
base to the means of disconnection before being allowed to enter branch
circuits.

b Service disconnects are readily accessible for breaking the power entering
a building. Only one disconnect may be used on a service.

c Few service disconnects have overload protection. The disconnect must
be large env iqh to carry the computed load it supplies.
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TEST

4. Match the NEC exceptions for overcurrent protection devices on the right with their cor-
rect statements.

a. Two to six CBs or fuses may serve as over- 1. Exception 1
current protection devices

2. Exception 2
b If not a standard size, the next higher stand-

ard size overcurrent protection device is 3. Exception 3
used

4. Exception 4
c. An overcurrent protection device may be

overfused to allow motors to attain running
speed

d. An overcurrent protection device must be
rated to carry lockecl.rotor current of fire
pump motors

5. Complete the following statements concerning grounding electrodes and ground fault
by circling the words/number which best completes each statement.

a. There are four types of electrode grounding systems used in electrical trades.
They include (aluminum, metal) waterpipe, building (steel, iron), reinforcing rod
(15 feet, 20 feet) minimum length, ground (rod, ring).

b. A ground (is, is not) required if the power company's transformer is grounded.

6. Select true statements concerning service entrance dices by placing an "X" in the
blanks preceding the true statements.

a. Conductor sizes of 1/0 or larger comprising each phase to neutral will be
permitted to be connected in parallel. This means two conductors are
used as one.

b. A current transformer (CT) steps the voltage down so voltage measuring
( vices may be used.

c A potential transformer (PT) is a doughnut type device used in measurmg
current. These are used in metering large services.

7. Complete the following statements concerning emergency and standby systems by
inserting the words which best complete each statement.

a. Separate, derived systems such as a or are
used when the incoming voltage from the power company is interrupted or cut
off. These systems are used in , factories, and stores where
electricity is a must.

b. An senses a voltage loss and
automatically switches a system to emergency power.



TEST

8. State the procedure for balancing loads.

(NOTE: If the following activites have not been accomplished prior to the test, ask your
instructor when they should be completed.

9. Demonstrate the ability to:

a. Install an overhead raceway with service entrance conductors to a meter base.
(Job Sheet #1)

b. Connect meter base assembly to lead center or panel. (Job Sheet #2)
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SERVICE
UNIT III

ANSWERS TO TEST

1. a. 8 e. 1 I. 10
b. 6 f. 5 j. 12
c. 2 g. 9 k. 3
d. 4 h. 11 I. 7

2. a. Overhead, underground e. 3 feet
b. Grade f. 18
c. #8, #6 g. 600v
d. 8 feet h. #8, #6

3. a

4. a. 3
b. 2
c. 1

d. 4

5. a. Metal, steel, 20 feet, ring
b. Is

6. a

7. a. Generator, battery
b. Automatic transfer switch

8. When balancing loads on panels, transformers, and switching equipment, an amprobe
should be used to determine amperage on each circuit.

9. Performance skills evaluated to the satisfaction of the instructor

fit4
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TRANSFORMERS
UNIT IV

UNIT OBJECTIVE

After completion of this unit, the student should be able to reference the NEC to determine
transformer locations and to identify spsviNc transformer requirements. Competencies will be
demonstrated by completing the assignment ;:heetg, job sheets, and the unit tests with a mini-
mum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to transformers with their correct definitions.

2. List three basic types of transformers.

3. Draw diagrams of the two most commonly used voltage systems.

4. Select true statements concerning NEC requirements for dry type transformers.

5. Complete statements concerning NEC requirements for oil-filled transformers.

6. Select true statements concerning NEC requirements for askarel-filled transform-
ers.

7. St 'l the function of a buck and boost transformer.

8. Match NEC articles with their correct transformer locations.

9. Match NEC articles with the correct installation and termination of transformers.

10. Locate and list two exceptions on transformer room construction for dry type
transformers. (Assignment Sheet #1)

1R2
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OBJECTIVE SHEET

11. Locate and list two exceptions concerning oilinsulated transformers. (Assign-
ment Sheet #2)

12. Draw a three-phase wye-delta transformer. (Assignment Sheet #3)

13. Convert amperes to KVA on a three-phase system. (Assignment Sheet #4)

14. Demonstrate the ability to:

a. Test transformer turn ratios. (Job Sheet #1)

b. Test transformer insulation resistance. (Job Sheet #2)

c. Connect three transformers in a deltadelta configuration. (Job Sheet #3)

d. Connect transformer primary and secondary windings in a delta-wye con-
figuration. (Job Sheet #4)

I.8
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TRANSFORMERS
UNIT IV

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparency from the transparency master included in this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparency to enhance the information as needed.)

G. Prr ,,de students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. integrate the following activities throughout the teaching of this unit:

1. Show a film on transformer maintenance.

2. Invite a representative from a transformer winding shop to class to discuss trans-
former maintenance.

3. Have students reference the NEC to locate specific NEC requirements pertaining
to transformers.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

J. Give test.

K. Ev?'Jate test.

L Reteach if necessary.

t.,
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REFERENCES USED IN WRITING THIS UNIT

A. Stallcup, James G. Designing Electrical Systems. Alsip, IL: American Technical Pub-
lishers, Inc., 1983.

B. Turner, J. Howard. Understanding Electricity and Electrical Terms. Athens, GA: Ameri-
can Association for Vocational Instructional Materials, 1974.

SUGGESTED SUPPLEMENTAL MATERIAL

Film Transformer Maintenance. NUS Training Corporation, 1350 Piccard Drive, Rock-
ville, MD 20850.
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TRANSFORMERS
UNIT IV

INFORMATION SHEET

I. Terms and definitions

A. Ambient temperature The temperature in the area where the transformer
is to be located. High temperatures will raise the insulation temperatures
and shorten the life of the transformer. The KVA rating should be derated
.4% for each 1°C over 30°C average ambient temperature for 150°C insula-
tion

B. Buck and boost transformer A transformer that increases or decreases
voltage

C. Isolating transformer Insulates the primary circuit from the secondary
circuit as with an insulating transformer, but frequently with no voltage
change

D. Traricformer vault Area in which transformers are installed for safety pro-
tection. This area is usually constructed with concrete and fire-retardant
doors

H. Basic types of transformers

A. Dry type Do not have their core and coils submerged in oil

B. Oil-filled Must have their core and coils submerged in oil

C. Askarel-filled Filled with a liquid which produces gases from arcing

(NOTE: Askarel-filled transformers are slowly being eliminated due to the
presence of PCBs.)
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INFORMATION SHEET

HI. Most commonly used voltage systems

A. Single phase transformers

Neutral Wit--
Grounded

B. Three phase transformers

4160V
4160V_--._.-...______416()V._______..

Primary Side
Neutral/

2400V 2400V 2400V

liiiiim1 Uniilth IMMAAJ
A B C

..---240V-4'
---- 240V

240V

1

Secondary Side
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INFORMATION SHEET

IV. NEC requirements for dry type transformers

(NOTE: Refer to NEC Article 450-21.)

A. Dry type transformers installed indoors rated at 112.5 KVA must have a fire
resistant, heat-insulating barrier between transformer and combustible
materials. If a barrier is not used and voltage is over 600v, a 12" minimum
from combustible material is used.

B. Dry type transformers do not require a 12" separation of barrier if they are
enclosed and are rated less than 112.5 KVA and will operate at 600v or less.

C. Dry type transformers rated over 35,000 volts must be installed in a vault.

V. NEC requirements for oilfilled transformers

A. Oilfilled transformers can be installed indoors and outdoors. When
mounted indoors oil-filled transformers must be mounted in a vault.

B. NEC Article 450-26 pertains to oil insulated transformers which are
installed indoors.

(NOTE: Read complete article and exceptions.)

C. NEC Article 450-27 pertains to oilinsulated transformers which are
installed outdoors.

(NOTE: Read complete article and exceptions.)

VI. NEC requirements for askarelfilled transformers

A. Askarelfilled transformers are filled with a liquid called askarel which will
not burn and is nonexplosive. Gases are produced as a result of arcing. A
vent is required if the transformer is over 25 KVA.

B. NEC Article 450-25 pertains to askarel-insulated transformers installed
indoors.

(NOTE: Read complete article on askarel transformers.)

I '.-). ,.,
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INFORMATION SHEET

VII. Function of a buck and boost transformer It is used to 'ricrease or decrease
voltage. The values used will depend on the line voltage and the amount of boost
required.

(NOTE: A buck and boost transformer is wired like an autotransformer.)

VIII. NEC articles concerning transformer locations

(NOTE: Some dry, oil - filed, and askarei-filled transformers require vaults for their
insulation. Read the fc" iing ertic:es and exceptions.)

A. NEC Article 450-41 pertains to the location of transformer vaults.

9. NEC Article 450-42 pertains to walls, roofs, and floors.

C. NEC Article 450-43 pertains to doorways.

D. NEC Article 450-45 pertains to ventilation openings.

E. NEC Article 450-47 pertains to water pipes and accessories.

F NEC Article 450-48 pertains to storage in vaults.

1 9 0
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INFORMATION SHEET

IX. Installation and termination of transformers

A. Mounting of transformers must comply with the NEC on location, storage,
and uses. Refer to NEC Article 450-2.

B. Grounding of transformers will comply with NEC 450.10.

C. Overcurrent protection may be installed on primary and secondary wind-
ings of transformers. Refer to

1. NEC Article 240-3, exception #5

2. NEC Article 240-21, exception #s 2, 3, and 8

3. NEC Article 384-16A

19i
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TRANSFORMERS
UNIT IV

ASSIGNMENT SHEET #1 - LOCATE AND LIST TWO EXCEPTIONS ON
TRANSFORMER ROOM CONSTRUCTION FOR DRY TYPE TRANSFORMERS

NAME SCORE

Directions: Using the NEC, locate and list two exceptions on transformer room construction
for dry type transformers over 112.6 KVA.

A. Exception #1

B. Exception #2

192
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TRANSFORMERS
UNIT IV

ASSIGNMENT SHEET #2 - LOCATE AND LIST TWO EXCEPTIONS
CONCERNING OILINSULATED TRANSFORMERS

NAME SCORE

Directions: Using the NEC, locate and list two exceptions concerning oilinsulated transform-
ers installed outdoors where vaults are not required.

A. Exception #1

B. Exception #2

19 :3



0 TRANSFORMERS
UNIT IV

ASSIGNMENT SHEET #3 - DRAW A THREEPHASE
WYEDELTA TRANSFORMER

NAME SCORE

Directions: In the space provided below, draw a three-phase wye-delta transformer.

o

CIW-187



CIW-189

TRANSFORMERS
UNIT IV

ASSIGNMENT SHEET #4 - CONVERT AMPERES TO KVA
ON A THREEPHASE SYSTEM

NAME SCORE

Directions: Convert the following amperes to KVA on a 480v three-phase system.

EXAMPLE: KVA
volts x amps x 1.73

1000

A. 60.2 amps: KVA

B. 120 amps: KVA

C. 241 amps: KVA

D. 602 amps: KVA
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TRANSFORiviERS
UNIT IV

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

A. NEC 450-21(b) Exception #1 to (b)
B. NEC 450-21(b) Exception #2 to (b)

Assignment Sheet #2

A.B. NEC 450-26 Exceptions #1 - #5 (any two)

Assignment Sheet #3

Assignment Sheet #4

A. 50
B. 100
C. 200
D. 500

4160V
4160V

I 4

4160V

Primary Side
Neutral

2400V 2400V 2400V

WuniuJ WwwwJ UatuAM

2:0V ....... 240V 240V

240V ---240V
240V Secondary Side

I A13
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TRANSFORMERS
UNIT IV

JOB SHEET #1 - TEST TRANSFORMER TURN RATIOS

A. Equipment and materials needed

1. Transformer, rated 480 to 120/240 volts

2. Transformer, rated 240 to 24 volts

3. Transformer, rated 120 to 24 volts

4. Two voltmeters (one with 600-volt scale)

5. Wire or test jumpers to connect transformers to power supply

6. Single-phase power supply, 120/240-volt or 120/208-volt

B. Procedure

1. Connect both voltmeters to power supply, and adjust needles until both read the
same at near midscale.

2. Connect transformer as shown in Figure 1.

FIGURE 1

Series Connection

< o
Power
Disconnect
Switch

To 240-Volt
Power Supply

(

3. Double-check connections for correctness.

4. Check to be sure that all leads are in the clear.

(NOTE: Show work to instructor before proceeding.)

I
Voltmeter #2
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JOB SHEET #1

5. Energize power supply.

6. Read both voltmeters.

7. Record voltmeter readings for Transformer #1.

VM #1 =

VM #2 =

8. Open power switch.

9. Calculate actual transformer turn ratio.

(NOTE: Divide Voltmeter #2 reading by Voltmeter #1 reading to find the ratio.
Show your work.)

T#1 turn ratio =

10. Compare calculated ratio with nameplate voltage ratio.

(NOTE: Calculated ratio should match nameplate within t 1 percent.)

11. rest Transformer #2, using same procedure as that used to test Transformer #1.

12. Record voltmeter readings for Transformer #2, and calculate turn ratio.

(NOTE: Show your work.)

VM #1 =

VM #2 =

T#2 turn ration =

13. Test Transformer #3, using the same procedure as that used to test Transformer
#1.

198
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14. Record voltmeter readings for Transformer #3, and calculate turn ratio.

(NOTE: Show your work.)

VM #1 =

VM #2 =

T#3 turn ratio =

(NOTE: Show results to instructor for evaluation and comments.)

15. Clean work area; put away all equipment and materials.

19D
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UNIT IV

JOB SHEET #2 - TEST TRANSFORMER INSULATION RESISTANCE

A. Equipment needed

1. Three transformers (voltage not important; larger sizes if available)

2. Megger tester with leads (Figure 1)

FIGURE 1

3. Test jumpers or wire to short windings

4. Centigrade-scale thermometer

200
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JOB SHEET #2

B. Procedure

1. Test primary winding to secondary and ground.

a. Construe( circuit as shown in Figure 2.

FIGURE 2

)

Shorting
Jumper .

Bonding
Jumper

Shorting
Jumper

Megohm
Meter

b. Short both windings.

c. Ground the secondary winding to transformer case.

d. As near as practical, place thermometer to get the temperature of the inte-
rior of the windings.

e. Crank megger tester at about 120 rpm for sixty seconds or until needle set-
tles down.

f. Read instrument while still cranking.

g. Stop cranking.

h. Record reading.

Megger reading = Megohms

201
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i. Check thermometer.

I.

CIW-199

(NOTE: Insulation resistance will decrease by 50 percent for every 10-
degree centigrade rise in temperature, or double for ever 10-degree centi-
grade drop in temperature.)

Record temperature.

Temperature = °C

(NOTE: Megohm readings become more meaningful when periodic tests
are made on a piece of equipment, and then plotted on graph paper to
make a curve.)

2. Test secondary to primary and ground Figure 3).

FIGURE 3

>

)

Shorting
Jumper .4.-

Bonding
Jumper.

. (
Shorting

.4_ Jumper

Megohm
Meter

a. Short both windings.

b. Ground the primary winding to transformer case.

c. Make test as before (steps d. through J.) on primary insulation.

Megger reading = Megohms

Temperature = °C

(NOTE: Show results to instructor for evaluation.)
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JOB SHEET #2

3. Repeat procedure on each remaining transformer.

a. Transformer #2

T2 megger reading = Megohms

T2 temperature = '3C

b. Transformer #3

T3 megger reading = Megohms

T3 temperature = cC

(NOTE: Show results to instructor for evaluation and comments.)

4. Clean work area; put away equipment.



10 TRANSFORMERS
UNIT IV

JOB SHEET #3 - CONNECT THREE TRANSFORMERS IN
A DELTA-DELTA CONFIGURATION

A. Equipment and materials needed

1. Three-phase power supply, 240-volt

(NOTE: A three-phase 208-volt power supply will also serve satisfactorily.)

2. Three 5-ampere fuses in 240-volt circuit

3. #14 wire, approximately 20 feet

4. Wire nuts or bolts for connections

5. Three transformers rated 240 to 1201240 at 1 kilovolt-ampere

6. Voltmeter with 800 -volt scale

B. Procedure

1. Connect transformers as shown in Figure 1

(NOTE: Leave X1 of T3 open for polarity test.)

FIGURE 1

A Phase B Phase C Phase

Primary

X441.2T: )...._..= Xi

Secondary

A Phase B Phase

204

Delta Jumper'
C Phase

CiW-201
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JOB SHEET #3

2. Check connections for correctness; make sure that all leads are clear and that
voltmeter is set on 600-volt scale.

3. Connect primary leads A, B, and C to Li, L2, and L3 of 240-volt power supply.

(NOTE: Show work to instructor before proceeding.)

4. Energize 240-volt circuit.

5. Read voltmeter.

(NOTE: Voltmeter should read zero, or twice the secondary vc'ts. If voltmeter
reads zero, move voltmeter leads to primary leads A and B and read again. This
procedure tests both the power supply and voltmeter. If tests show volts normal
between primary phases A and B and zero at the open connection on the second-
ary, the delta-delta connections and polarity of transformers are correct.)

6. Deenergize transformer.

7. Close the connection between the delta jumper and X1 of T3. (Figure 2)

FIGURE 2

A Phase B Phase C Phase

T,

X4

Xi

A Phase

x,,pc
X,

X4in2cr
Xi

B Phase
Delta Jumper --/

C Phase

205
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JOB SHEET #3

8. Energize the 240-volt circuit.

9. Using voltmeter, read and record primary voltage.

Phases A to B

Phases A to C

Phases B to C

10. Using voltmeter, read and record secondary voltage.

Phases A to B

Phases A to C

Phases B to C

Phase A to ground

Phase B to ground

Phase C to ground

11. Deenergize 240-volt power supply.

12. Deenergize transformer bank, and connEr 1 midpoint of T1 secondary to ground.

13. Reenergize transformer bank.

14. Again check and record voltages between each secondary-phase lead and
ground.

Phase A to ground

Phase B to ground

Phase C to ground

(NOTE: Voltages to ground are stable and high leg registers on voltmeter.)

15. Deenergize transformer bank.

16. Disconnect T1 leads X1 and X4.

20G
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17. Connect T1 lead X4 to T2 lead X4. (Figure 3)

(CAUTION: Tie or otherwise fasten T1 lead X1 clear of other leads and ground.
Be cautious of higher voltages.)

FIGURE 3

..TH,
..l.)UL.)

H2

X,

V M A Phase

18. Reenergize transformer bank.

19. Set voltmeter on 600-volt scale.

20 7

B Phase C Phase
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20. Check and record voltages between various points on the secondary shown in
Figure 4.

(NOTE: This experiment shows what can happen if transformer polarities are not
taken into consideration when connecting transformers.)

FIGURE 4

T,

Points A to C

Points B to C

Points C to D

Points B to C

Points B to E

Points D to E

Points A to E

Points B to D

205
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JOB SHEET #3

21. Open and lock open 240-volt power supply switch.

(CAUTION: When working with voltages of 4,160; 7,200; 12,500 or higher; the
results are magnified accordingly.)

(NOTE: Show work to instructor for evaluation and comments; if approved by
Instructor, transformers may be held for Job Sheet #4; if not approved, rework to
the instructor's satisfaction.)

2 C i ;')



CIW-207

TRANSFORMERS
UNIT IV

JOB SHEET #4 - CONNECT TRANSFORMER PRIMARY AND
SECONDARY WINDINGS IN A DELTA-WYE CONFIGURATION

A. Equipment and materials needed

1. Three-phase power supply, 240-volt

(NOTE: A three-phase 208-volt power supply will also serve satisfactorily)

2. Three 5-ampere fuses in 240-volt circuit

3. #14 wire, approximately 20 feet

4. Wire nuts or bolts for connections

5. Three transformers rated 240 to 120/240 (200 volt-amperes to 1 kilovolt-ampere
capacity)

6. Voltmeter with 600-volt scale

7. One lamp and socket, 100 watt, 120 volt

B. Procedure

1. Connect transformers in a delta primary to wye secondary configuration as
shown in Figure 1.

FIGURE 1

A

To 240-V Power Supply

B C

H, H2

LAA.A.dl..A.,LL,
T,

isYYY
X4 X2

H, H2 110---10 H,

T2

H2

..A....l..A..A..A...l..A...,
T3

A Phase B Phase _ C Phase

2111

Neutral
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2. Double-check all connections for correctness.

(NOTE: Show connections to instructor before proceejmg.)

3. Energize 240-volt circuit.

4. Read and record low-side voltages.

Phases A to B

Phases A to C

Phases B to C

Phase A to neutral

Phase B to neutral

Phase C to neutral

5. Deenergize 240-volt circuit.

6. Connect 100-watt lamp to phase A and neutral.

7. Reenergize 240-volt circuit.

8. Read and record voltages.

Phase A to neutral

Phase B to neutral

Phase C to neutral

9. Deenergize 240-volt circuit.

10. Connect the neutral to ground.

(NOTE: An ungrounded neutral can shift when the load is unbalanced, causing
low voltage at one point and high voltage at other points.)

11. Read and record low-side voltages again.

Phase A to neutral

Phase B to neutral

Phase C to neutral

Phases A to B

Phases A to C

Phases B to C

2i
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JOR SHFFT #4

12. Dcenergize 240-volt circuit.

13. Disconnect T1 secondary leads from T2 and T3.

14. Connect terminal X4 of T1 to the neutral point.

15. Reenergize the circuit.

16. Read and record secondary voltages.

(NOTE: Figure 2 represents shift of phases due to improper connections.)

FIGURE 2

Phases A to B

Phases A to C

Phases B to C

Phase A to neutral

Phase B to neutral

Phase C to neutral

(NOTE: Show work to instructor for evaluation and comments.)

17. Disassemble transformer.

18. Clean work area; put away all equipment and materials.

212



TRANSFORMERS
UNIT IV

JOB SHEET #1 PRACTICAL TEST - TEST TRANSFORMER
TURN RATIOS

STUDENT'S NAME DATE

CIW-211

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have th6 student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Connected voltmeters to power supply.
3. Connected transformer.
4. Checked connections.
5. Energized power supply.
6. Read and recorded voltmeter readings.
7. Calculated transformer turn ratio.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed stops in a timely manner ( hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

2 1 3
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Voltmeters and trans-
former connected cor-
rectly

4 3 2 1

Voltmeter readings accu-
rately recorded

4 3 2 1

Transformer turn ratios
calculated correctly

4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training progri.. n; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria)

214



e TRANSFORMERS
UNIT IV

JOB SHEET #2 PRACTICAL TEST - TEST TRANSFORMER
INSULATION RESISTANCE

STUDENT'S NAME DATE

CIW-213

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro.
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Tested primary windings to secondary and ground.
3. Tested secondary to primary and ground.
4. Recorded readings for each transformer.
5. Checked inIput away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner (_hrs. _min. _sec.)
9. Practiced satety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:

2 i 5
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JOB SHEET #2 PR,ACTICAL ES'

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Read instruments accu-
rately and recorded read-
ings

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

2 1 1;



TRANSFORMERS
UNIT IV

JOB SHEET #3 PRACTICAL TEST CONNECT THREE
TRANSFORMERS IN A DELTA-DELTA CONFIGURATION

STUDENT'S NAME DATE

CIW-215

EVALVATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designatf whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Connections correct.
3. Power applied.
4. Performed nst satisfactorily.
5. Voltage correctly recorded.
6. Checked irlput -way tools and materials.
7. Cleaned the work area.
8. Used proper iools correctly.
9. Performed steps in a timely manner ( hrs _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

2 1 7
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Connected transformers
in delta-delta

4 3 2 1

Connections tight
4 3 2 1

Obtained correct
ings

read-

4 3 2 1

Workmanship
4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

2I



TRANSFORrviERS
UNIT IV

JOB SHEET #4 PRACTICAL TEST - CONNECT TRANSFORMER
PRIMARY AND SECONDARY WINDINGS IN A

DELTA-WYE CONFIGURATION

STUDENT'S NAME DATE

CIW-217

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and completo this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Connections correct.
3. Power applied.
4. Performed test satisfactorily.
5. Voltage correctly recorded.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs _min _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOr'S COMMENTS:

YES NO

2 *1 9
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Connected transformers
in delta-wye

4

Connections tight

4

Obtained correct read-
ings

3 2 1

3 2 1

Workmanship

4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to plrform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

24.1)
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TRANSFORMERS
UNIT IV

TEST

CIW-219

SCORE

1. Match the terms on the right with their correct definitions.

a. A transformer that increases or decreases
voltage

b. Insulates the primary circuit from the sec-
ondary circuit as with an insulating trans-
former, but frequently with no voltage
change

c. Area in which transformers are installed for
safety protection. This area is usually con-
structed with concrete and fire-retardant
doors

d The temperature in the area where the trans-
former is to be located

2. List three basic types of transformers.

a.

b.

1. Ambient temperature

2. Buck and boost trans-
former

3. isolating transformer

4. Transformer vault

c.

3. Draw diagrams of the two most commonly used voltage systems.

a. Single phase transformer
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TEST

b. Three phase transformer

4. Select true statements concerning NEC requirements for dry type transformers by plac
ing an "X" in the blanks preceding the true statements.

a. Dry type transformers installed indoors rated at 112.5 KVA must have a fire
resistant, heat insulating barrier between transformer and combustible
materials.

b Dry type transformers require a 12" separation or barrier if they are
enclosed and are rated less than 112.5 KVA and will operate at ;100v or
less.

c Dry type transformers rated over 15,000 volts must be installed in a vault.

5. Complete the following statements concerning NEC requirements for oil-filled trans-
formers by inserting the words which best complete each statement.

a. Oilfilled transformers can be installed indoors oral outdoors. When mounted
indoors oilfilled transformers must be mounted in a

b. NEC Article 450-26 pertains to oil insulated transformers which are installed

c. NEC Article 450-27 pertains to oil-insulated transformers which are installed

222
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TEST

6. Select true statements concerning NEC requirements for askarel-filled transformers by
placing an "X" in the blanks preceding the true statements.

a. Askarel-filled transformers are filled with a liquid called askarel which will
not burn and is nonexplosive.

_____b Gases are produced as a result of arcing.

c. A vent is not required if the transformer is under 115 KVA.

d. NEC Article 450-25 pertains to askarel-insulated transformers installed
indoors.

7. State the function of a buck and boost transformer.

8. Match NEC articles on the right with their correct transformer locations.

a Ventilation openings 1. NEC Article 450-41

b Transformer vaults 2. NEC Article 450-42

c Storage in vaults 3. NEC Article 450-43

d. Doorways 4. NEC Article 450-45

e. Walls, roofs, and floors 5. NEC Article 450-47

f. Water pipes and accessories 6. NEC Article 450-48

9. Match NEC articles on the right with the correct installation and termination of trans-
formers.

a. Mounting of transformers must comply with 1. NEC Article 450-2
code on locations, storage, and uses

2. NEC Article 450-10
b Overcurrent protection may be installed on

primary and secondary windings of trans- 3. NEC Article 240-3
formers

c. Grounding of transformers

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

10. Locate and list two exceptions on transformer room construction for dry type trans-
formers. (Assignment Sheet #1)

223
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11. Locate and list two exceptions concerning oilinsulated transformers. (Assignment
Sheet #2)

12. Draw a three-phase wye-delta transformer. (Assignment Sheet #3)

13. Convert amperes to KVA on a three-phase system. (Assignment Sheet #4)

14. Demonstrate the ability to:

a. Test transformer turn ratios. (Job Sheet #1)

b. Test transformer insulation resistance. (Job Sheet #2)

c. Connect three transformers in a delta-delta configuration. (Job Sheet #3)

d. Connect transformer primary and secondary windings in a delta-wye configura-
tion. (Job Sheet #4)

224



e TRANSFORMERS
UNIT IV

ANSWERS TO TEST

1. a. 2
b. 3
c. 4
d. 1

2. a. Dry type
b. Oil-filled
c. Askarel-filled

3. a. Single phase transformer b. Three phase transformer

Neutral Wire
Grounded 120V

4. a, b

5. a. Vault
b. Indoors
c. Outdoors

6. a, b, d

240V

A

4160V . Primary Side
4160V 4160V----.

2400V 2400V 2400V

UnkUJUJ ltuitili.1 LutimuJffinriAgn. B C

240V 240V 240V Yr]
4-240V----4.,-- 240V

240V . Secondary Side

7. It is used to increase or decrease voltage.

2 2 5

CIW-223
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8.

9.

a. 4 d. 3
b. 1 e. 2
c. 6 f. 5

a. -1

b. 3

c. 2

ANSWERS TO TEST

10.-13. Evaluated to the satisfaction of the instructor

14. Performance skills evaluated to the satisfaction of the instructor

22 t3



ROUGH-IN
UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to rough-in a commercial or industrial
job. Competencies will be demonstrated by completing the assignment sheet, job sheets and
the unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to rough-in with their correct definitions.

2. Select true statements concerning branch circuit and feeder installation.

3. Identify devices used in special circuit installations.

4. Arrange in order the steps for detemining the number of conductors allowed in a
conduit, based on cross-sectional area.

5. List exceptions to the NEC requirements for support of flexible metal conduit.

6. Complete statements concerning optional calculations for additional loads to
existing installations.

7. Determine the number of conductors allowed to be added to an existing conduit.
(Assignment Sheet #1)

8. Demonstrate the ability to:

a. Rough-in a wood framed wall. (Job Sheet #1)

b. Install outlet boxes on steel rods. (Job Siseet #2)

227
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OB-IPrTIVP SHEET

c. Install outlet boxes on steel studs using caddy metal stud clips for switch
boxes. (Job Sheet #3)

d. Install masonry boxes in .a hock wall. (Job Sheet #4)

22-3
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ROUGH-iN
UNIT V

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Take students on a field trip to a commercial job in the area.

2. Have representative from a local supply house give demonstration if trim out
devices.

3. Invite a local electrical contractor to class to talk about commercial jobs.

4. Set up several live troubleshooting projects in lab, and demonstrate and discuss
troubleshooting procedures. See Handout #1.

(NOTE: The teaching of troubleshooting skills should be integrated throughout
this publication.)

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

J. Give test.

K. Evaluate test.

L Reteach if necessary.

229



228
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Disconnect
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Buss-Duct
(Continued)

Strap holds
head of bolt. + This joint assembly

da.m...11 is atcached to plug-in
section of busway.

Insulating Tube
and Plates

Feeder Section

Belleville Washers/ ail)
Top and Bottom

Plug-in Section

One Bolt Joint Assembly

Used with permission of CutlerHammer Products/Eaton Corporation.
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Conductor Pulling Tools
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Cable Spacing In Cable Tray

3 Conductor
6 Conductor

0 0 0 0

12 Conductor

00 0 0 0 0
0 00 0 0 0
0 00 0 0 0

18 Conductor

2: 4
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ROUGH-IN
UNIT V

HANDOUT #1 - TROUBLESHOOTING PROCEDURES

A. Determine symptoms of system malfunction. Consult owner about operation of system
before, during, and after problem occurred.

(NOTE: A great deal of information can be gained in this questioningDid it flicker,
hum, or explode? Was anything unusual going on at the time of problem [lightning, unu-
sual load, too many appliances plugged in]. Has it happened before?)

B. Inspect the system.

(NOTE: The panel is the place to start since the overcurrent protection device will iden-
tify the problem circuit. Most national, state, and local codes require that panels be
identified.)

1. Trace system from panel by

a. Color of conductor

b. Number of conductor

c. Using an ohmmeter

(CAUTION: Always disconnect supply power from circuit to be tested
before using ohmmeter. Line voltages will damage meter.)

2. Check conductor's condition.

a. Conductor discolored from overheating

b. Conductor insulation damaged or nicked

c. Loose conductor connection at devices or splice points

3. Check devices or fixtures.

a. Device worn or overheated

b. Fixture worn or overheated

c. Reversed outlet polarity which may cause neutral overload

(NOTE: Fixtures with bulbs larger than their rating may have internal damage.)
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HANDOUT #1

C. Locate problem causing area.

1. Bad device or fixture

2. Broken conductor

3. Circuit overload

D. Repair or replace cause of problem.

1. Install new device or fixture

2. Rewire circuit

3. Install extra circuit to compensate for overload
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ROUGH-IN
UNIT V

INFORMATION SHEET

I. Terms and definitions

A. Ampacity The current in amperes that a conductor can carry continu-
ously under the conditions of use without exceeding its temperature rating

B. Cable benders Mechanical or hydraulic devices used to bend heavy con-
ductors in panels and junction boxes

C. Copper-clad aluminum Aluminum conductor with an outer coating of
copper metalltegically bonded to the aluminum core

D. Color coding Assigning colors to conductors based on their uses

E. Covered Conductor encased within material of composition and thick-
ness recognized by the National Electrical Code as electrical insulation

F Cross-sectional area Area in square inches allowed in a conduit or tub-
ing; area required for conductors in a conduit or tubing

G. Drop chain Short length of small chain used to pull cable or flexible con-
duit through an enclosed space or wall cavity

H. Fish Establishing a connection between two points so a cable or length
of flexible conduit can be installed

I. Fish wire Length of wire with a hook formed in one end to catch material
to be installed in a space

J. Insulated Conductor encased within material of composition and thick-
ness recognized by the National Electrical Code as electrical insulation

K. Pipe chase Usually a vertical space between two floors, dedicated for
the running of pipes and conduits between floors

L. Power fish-tape system Vacuum or air pressure system for installing a
pull cord in a raceway in order to pull in the heavy pull rope for heavy and
long pulls

M. F ;II rope Strong rope of nylon or other substance used to pull heavy con-
ductors into raceways

N. Raceway An enclosed channel designed expressly for holding wires,
cables, or busbars, with additional functions as permitted in the National
Electrical Code

(4? "17
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INFORMATION SHEET

O. Trim out Final stage in a wiring project; involves devices and plates, con-
necting and securing equipment, hanging fixtures, and testing the system

P. Troubleshooting The systematic diagnosis of a malfunction

Q. Voltage rating Maximum voltage at which a device is designed to oper-
ate

R. Wire dispenser Movable rack used to hold one or more reels of wire so
that wire can be easily pulled off reel and fed into raceway

S. Wire-pulling compound Compound of soap and other substances u ' i
to lubricate conductors being pulled or pushed into a raceway

T. Winch Manual or motor-powered mechanical device used to pull conduc-
tors into a raceway

II. Branch circuit and feeder installation

A. When using multi-phase circuitry, balancing must take place to regulate the
even flow of current on each of the phases. This is done by connecting an
ammeter to the incoming conductor. By using the reading, circuits may be
moved to balance the load by switching conductors with different phases.

B. Color coding for a high leg delta 4-wire system must be marked with orange
color (refer to NEC Art: 215-8) and must be located on center lug (refer to
NEC Art: 384-3-F) when neutral is present.

C. When identifying neutrals, NEC Section 200-6 states that conductors not
white must be marked with continuous white or natural gray tape, or white
paint.

D. Temporary wiring and lighting must comply with NEC Article 305 which
states that temporary power shall be equipped with GFI protection. Tempo-
rary lighting shall be protected from accidental contact or breakage by a
suitable fixture or lampholder with a guard.
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Ill. Devices used in special circuit installations

A. Buss-duct

Safety Switch sconnect Handles

Motor Control

Center Cable Tap Box
(for Installation at Any Point)

Cable
Disconnect

Box

Lighting Cabinets

To
rifr Circuit Breaker

Duct End Closer

Strap holds
head of bolt.

Insulating Tube
and Plates

Switch
Adapter

Feeder Busway
to Switchboard

Switchboard

This joint assembly
is attached to plug-in
section of busway.

ow...1M .MI1.
.

MIN IIMINIL

...MI

1

Feeder Section
Plug -in Section

Belleville Washers
Top and Bottom

One Bolt Joint Assembly

Used with permission of Cutler-Hammer Products/Eaton Corporation.
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B. Cable tray

INFORMATION SHEET

Weatherproof
Er trance

Fitting Fittings

Support Materialr Tee

Disconnect

Reducer

)-.
Straight Sections/

Support Material

Conductor Pulling Tools

Box
Connector

3 Conductor
6 Conductor

12 Conductor

18 Conductor

2 41)
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iNFORMATION SHEET

IV. Steps for determining the number of conductors allowed in a conduit, based on
cross-sectIonal area

A. Determine size of existing conduit.

B. Determine number and size of existing conductors.

C. Find area of conduit or tubing using Table 4, Chapter 9 of the NEC.

D. Compute total area occupied by existing conductors based on Table 5,
Chapter 9 of the NEC.

E. Determine number of conductors that may be added.

EXAMPLE: An existing 1 inch conduit contains three #8 THHN conduc-
tors. Four #12 THW conductors need to be added to feed a
new circuit.

1 inch conduit with over two conductors not lead covered has
an area of .34 square inches (Table 4, Chapter 9)

#8 THHN has an area of .0471 sq. in. (Table 5, Chapter 9)

.0471 sq. in.
x 3

.1413 sq. in.

#12 THW has an area of .0172 sq. in. (Table 5, Chapter 9)

.0172 sq. in.
x 4

.0688 sq. in.

Total area required for conductors is:

.0471
-L..0688

.1159 sq. in.

.1159 is less than .34 therefore the four #12 THW conductors
may be added.
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!NFARMATION SHEET

V. Exceptions to the NEC requirements for support of flexible metal conduit

(NOTE: Refer to NEC Art: 350-4.)

A. Where flexible metal conduit is fished

B. Lengths not exceeding 3 feet

C. Lengths not exceeding 6 feet from a fixture terminal connection to lighting
fixtures

VI. Optional calculation for additional loads to existing installations

(NOTE: For the purpose of allowing additional loads to be connected to existing
feeders and services, it shall be permitted to use the actual KVA demand figures
to determine the existing load on a service or feeder when all the following condi-
tions are met. Refer to NEC Art: 230-35[1][2][3].)

A. The maximum demand data is available in KVA for a minimum of a one year
period.

B. The existing demand at 125 percent plus the new load does not exceed the
ampacity of the feeders or rating of the service.

C. The feeder or service has overcurrent protection in accordance with sec-
tions 230-90 and 240-3 of the NEC.

(NOTE: Article 230-90 requires overload protection in each ungrounded con-
ductor. Article 240-3 requires that conductors other than flexible cords and
fixture wires be protected against overcurrent in accordance with their
ampacities as specified in Tables 310-16 through 310-31 and all applicable
notes to these tables.)

0 4 '-44
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FiOUGH-iN
UNIT V

ASSIGNMENT SHEET #1 - DETERMINE THE NUMBER OF
CONDUCTORS ALLOWED TO BE ADDED TO AN EXISTING CONDUIT

NAME SCORE

Directions: Using the steps listed in Objective IV of the Information Sheet and the NEC, deter-
mine if additional conductors may be added to a conduit if a new conduit is necessary. Show
your calculations.

1. An existing 3/4" conduit contains three #10 THW conductors; you need to add three
more #10 THW conductors.

2. A 1/2" conduit contains three #12 THHN conductors. Will four more #12 THHN conduc-
tors be allowed?

3. A 1 1/2" conduit contains three I/O THW conductors. WIII three #6 THHN conductors be
allowed?

9 4 7)
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UNIT V

ANSWERS TO ASSIGNMENT SHEET #1

1. .21 sq. in. conduit area
.0311 sq. in. #10 THW

.0311

x 6

.1866 sq. in.

.1866 is less than .21; therefore, the additional wires are allowed.

2. .12 sq. in. conduit area
.0117 sq. in. #12 THHN

.0117
x 7

.0819 sq. in.

.0819 is less than .12; therefore, the additional wires are allowed.

3. .82 sq. in. conduit area
.2367 sq. in. for I/O THW
.0519 sq. in. for #6 THHN

.2367 .0519
x 3 x 3

.7101 sq. in. .1557 sq. in.

.7101
+.1557

.8658 sq. in.

.8'58 is greater than .82; therefore, a new conduit must be run.

244
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ROUGH-IN
UNIT V

JOB SHEET #1 ROUGH-IN A WOOD FRAMED WALL

A. Equipment and materials needed

1. Pouch tools, including hammer and tape

2. Construction blueprint showing locations and other necessary information for
Lax installation (Figure 1)

FIGURE 1

4" Octagonal for Bracket Light

Load Center

42"

72"

4" Square Hammer Handle Height
3. 8-foot section of framed wall with 2" x 4" studs

4. Five outlet boxes, Raco #560 or equivalent

5. Two 4-Inch square boxes, Raco #255 or equivalent

6. One plaster ring, Raco #772 or equivalent

7. One plaster ring, Raco #778 or equivalent

8. #8 mounting nails

9. 4-inch octagon box, Raco #125 or equivalent

0 -
4- ;-)
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JOB SHEET #1

10. One expandable hanger bar, Raco #924 or equivalent

11. One roll #12 THHN white

12. One roll #12 THHN black

13. One roll #12 THHN blue

14. One roll #12 THHN red

15. 40' 1/2" EMT

B. Procedure

1. View blueprint for installation information to determine location of boxes.

(NOTE: Mount boxes to allow for 5/8-inch Sheetrock.)

2. Lay out job by marking studs where boxes are to be installed.

3. Place boxes on floor along wall where each is to be installed.

4. Measure heights, and mark studs for mounting boxes.

(NOTE: A quick accurate method for measuring for box installation is to cut a
piece of conduit, lathe, or other similar material to proper length from floor or
floor plate to bottom of box. Boxes can be held on top of the measuring device
and fastened to stud. This will prevent reading a rule for locating each box. A
method often used in industry for height location of receptacle boxes is to set a
hahimer on the floor and position the box on top of the handle. The receptacle
box can be fastened to the stud at that height.)

5. Mount outlet boxes :Figure 2)

a. Mount electrical boxes to studs at the locations and heights marked, with
front edge of boxes parallel to taco of stud and extended 1/2-inch to allow
for 518-inch Sheetrock. (See Figure 1)

(NOTE: Four-inch square boxes are usually mounted with #8 or roofing
nails, and switch boxes are usually mounted with #16 nails.)

241;



JOB SHEET #1

FIGURE 2

Switch box mounted on a 2inch by 4inch wall stud

Mounting Nail

2"x 4" Stud

Switch Box

Depth as Needed for Finish Wall Thickness

6. Mount 4-inch square boxes to studs at the height and location as marked with
front edge of box flush with face of stud. (Figure 3)

(NOTE: Set four-inch square boxes 1/2 inch lower than switch boxes, device
screws Inside.)

FIGURE 3

Face of Sheetrock

4"x 4" Box Mounted on
2" x 4" Stud

Mounting Nail

Device Mounting/
Plaster Ring

-.1*
4"x 4" Sq uare Box

,

Front of box should be flush with 2" x 4" stud.

24;
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JOB SHEET #1

7. Install octagonal outlet box for wall bracket light between two studs at location
and height marked.

a. Spread expandable hanger bar to proper length to properly fit between
studs.

b. Attach hanger bar to studs. (Figure 4)

(NOTE: Hanger bars are usually fastened to studs with #8 nails.)

FIGURE 4
4°Octagonal Outlet Box Mounted on Hanger Bar

2"x 4" studs

4" Octagonal Outlet Box

Hanger Bar

Box Mounting Stud

Designated Height

.......''',......................-"s.....+.

c. Attach octagonal box to hanger bar stud.

8. Rough-in EMT runs.

9. Pull conductors and make up.

10. Have instructor evaluate project.

11. Clean work area; put away equipment and materials.

2 4 Ei
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ROUGH-1N
UNIT V

JOB SHEET #2 - INSTALL OUTLEr BOXES ON STEEL RODS

A. Equipment and materials needed

1. Stove bolt, 1/4 inch by 1/2 inch

2. 3-foot piece of 1/2-inch EMT

3. 4-inch square outlet box, Raco #255 or equivalent

4. 1/2-inch EMT connector

5. Two 3-foot pieces of 1/4-inch rod

6. Two rod-hanger clamps, Caddy Catalog #708-2-4 or equivalent

7. Two conduit box clips, Caddy Catalog #4-1-2-4 or equivalent

8. Pouch tools

B. Procedure

1. Install two 1/4-inch rods in rod-hanger clamps.

2. Mount two rod-hanger clamps on suspended angle iron approximately 24 inches
apart.

24 ;,)
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JOB SHEET #2

3. Install 1/2-inch EMT in 4-inch square box. (Figure 1)

FIGURE 1

Used with parmission of ERICO Products, Inc.

4. Fasten rod-hanger clip to square box. (Figure 2)

FIGURE 2

1/4"-20 Screw

Used with permission of ERICO Producirl, Inc.

25



JOB SHEET #2

5. Mount box and EMT to the two 112-inch rods. (See Figure 3)

6. Adjust to proper height (Figure 3)

FIGURE 3

Used with permission of ERICO Products, Inc.

7. Have instructor evaluate your project.

8. Clean work area; put away equipment and materials.

25

CIW-255



CIW-257

ROUGH-IN
UNIT V

JOB SHEET #3 - INSTALL OUTLET BOXES ON STEEL STUDS
USING CADDY METAL STUD CLIPS FOR SWITCH BOXES

A. Equipment and materials needed

1. Hammer

2. 8-foot section of steel-stud wall

3. Three electrical boxes, Raco #560 or equivalent

4. 4-inch square electrical box, Raco #211 or equivalent

5. Handy box, Raco #660 or equivalent

6. Metal stud clip, Caddy #MSB-625 or equivalent

7. Four MF clips for switch boxes, Caddy #MF-625 or equivalent

B. Procedure

(NOTE: Boxes may be mounted at nondesignated places since intent of this job sheet
is to acquaint students with box mounting methods when working with steel-stud
walls.)

1. Mount metal stud clip to switch box. (Figure 1)

FIGURE 1

Used with permission of ERICO Products, Inc.

2S 2
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JOS SHEET 713

2. Mount box and clip to steel stud. (Figures 2 and 3)

FIGURE 2

FIGURE 3
Used with permission of ERICO Products, Inc.

Used with permission of ERICO Products, Inc.
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JOB SHEET #3

3. Mount one MF clip on each of the other boxes. (Figure 4)

FIGURE 4

Used with permission of ERICO Products, Inc.

4. Mount clips and boxes to metal studs. (Figures 5 and 6)

FIGURE 5

Used with permission of ERICO Products, Inc.

FIGURE 6

Used with permission of ERICO Products, Inc.

5. Have instructor evaluate your work.

6. Clean work area; put away equipment and materials.

i 4
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CIW-261

JOB SHEET #4 - INSTALL MASONRY BOX'S IN A BLOCK WALL

A. Equipment and materials needed

1. Pouch tools

2. Hacksaw

3. Two masonry switch boxes, Raco #695 or equivalent

4. Two masonry two-gang boxes, Raco #696 or equivalent

5. 20 feet of 1/2-inch EMT

6. Four 1/2-inch EMT setscrew connectors

7. Four 1/2-inch EMT setscrew couplings

8. Conduit bender

9. Blueprini (Figure 1)

FIGURE 1 90° Bend Between Courses

Extension Coupling

Conduit Riser

Masonry Switch Box Flush
with Face of Block

Height to
Please
Builder

Concrete Block

Floor Level

2 :i 5
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JOB SHEET #4

B. Procedure

(NOTE: This job must be done in cooperation with the masonry instructor because the
electrical components are to be installed as the block wall is constructed.)

1. Open 1k-inch knockout hole nearest to the back of box so that EMT will be in the
hollow of the cement blocks.

(NOTE: Masonry boxes generally have concentric 1k-inch and 3/4-inch knockout
punchings; exercise care to break out only the 1/2-inch part.)

2. Cut eight pieces of 1/2-inch EMT, approximately 30 inches long.

(NOTE: Cut all eight pieces exactly the same length.)

3. Install 1k-inch EMT connectors in each of the four masonry box knockout holes.

(NOTE: If during knockout removal, the 3/4-inch punching breaks out instead of
the 1/2-inch punching, see your instructor. You will need two 3/4 -inch by 1/2-inch
reducing washers for each 3/4-inch hole to properly install 1/2-inch EMT.)

4. Install a 30-inch piece of EMT in each connector.

(NOTE: The person laying the blocks must install each block down over the verti-
cal conduit.)

5. Deliver the made-up boxes to the block layer.

(NOTE: The electrician and the block layer must work together to be sure that the
boxes are installed in the proper locations, and correctly installed with the EMT
extending upward in the wall. See Figure 1.)

6. When the block wall reaches desired height, install the masonry boxes with con-
duit extending upward.

7. Supervise the installation of the next layers of blocks until only a short portion of
the conduit is visible above the wall.

(NOTE: The block mason must raise the blocks above the height of the conduit,
and then lower the next blocks over the conduit so that it extends upward
through the hollow of the blocks.)

8. Install 30-inch pieces of conduit equipped with couplings to increase the height
for next layers of blocks.

(NOTE: The conduit is extended upward 2 or 3 feet at a time as the height of the
wall Increases.)
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9. Make a 90-degree bend in the conduit when the wall and conduit reach required
height.

(NOTE: A 90-degree bend will allow the conduit to stick out of the wall between
courses. This will prevent having to cut into the blocks.)

10. Have the instructor evaluate your work.

11. Clean work area; put away equipment and materials.

2 5 7
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ROUGH1N
UNIT V

PRACTICAL TEST
JOB SHEET #1 - ROUGHIN A WOOD FRAMED WALL

STUDENT'S NAME DATE

EVALWOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Mounted box on stud for 518-inch Sheetrock.
3. Masked studs where boxes are located.
4. Placed boxes on floor where they are to be installed.
5. Measured boxes on studs.
6. Installed switch boxes.
7. Installed octagonal box outlet.
8. Installed 4" x 4" box.
9. Mounted plaster ring.

10. Checked inlput away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner ( hrs. _min _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS'



JOB SHEET #i PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3 for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and anoti,er product must be submitted for evaluation.)

Criteria:

4
Allowed for 518-inch Sheet-
rock

3 2 1

4
Wall measurements cor-
rect

3 2 1

4
Bar hanger correctly fas-
tened to studs

3 2 1

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the tctal number of criteria.)

0 ti ti. 0
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ROUGH-IN
UNIT V

PRACTICAL TEST
JOB SHEET #2 - INSTALL OUTLET BOXES ON STEEL RODS

STUDENT'S NAME DATE

CIW-267

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Installed 1/2-inch rods.
3. Mounted hangers, clamps.
4. Installed 1/2-inch EMT.
5. Fastened box.
6. Mounted EMT on rods.
7. Adjusted proper height.
8. Installed 1/2-inch EMT to box.
9. Checked in/put away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner ( hrs. _min. _sec.)
13. Practiced safety rules throughout procedure.
14. Provided satisfactory respons^s to questions asked.

EVALUATOR'S COMMENTS:

r) rs 1r) il
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Rods installed properly

4

Hanger mounted correctly

4

Box fastened properly

4

EMT level

4

Box connected to EMT

4

Workmanship

4

Compliance to NEC

3 2 1

3 2 1

3 2 1

3 2 1

3 2 1

3 2 1

3 2 1

EVALUATOR'S COMMENTS.

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is nJeded to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

2 f;
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UNIT V

PRACTICAL TEST
JOB SHEET #3 INSTALL OUTLET BOXES ON STEEL STUDS

USING CADDY METAL CLIPS FOR SWITCH BOXES

STUDENT'S NAME DATE

CIW-269

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Mounted metal stud clip to switch box.
3. Mounted box to stud.
4. Mounted MF clip to box.
5. Mounted clips and box to studs.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner (_hrs. _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

0 0., '")
El c,
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to he demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Clip mounted to box

4 3 2 1

Boxes mounted to stud
correctly

4 3 2 1

MF clip mounted to box

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

2 f3 3
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MT V

PRACTICAL TEST
JOB SHEET #4 - INSTALL MASONRY BOXES IN A BLOCK WALL

STUDENT'S NAME

EVALUATOR'S NAME

CIW -271

DATE

ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Opened 1/2-inch knockout.
3. Cut EMT 30 inches long.
4. Installed EMT in boxes.
5. Installed couplings to extend EMT.
6. Made 90 degree bend on EMT.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

'10. Performed steps in a timely manner (_hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

All pieces of EMT cut the same
length approximately 30"

4 3 2 1

Connector connected in box
properly

4 3 2 1

Coupling connected properly
4 3 2 1

90 degree correct
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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UNIT V

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a. Assigning colors to conductors based on 1.
their uses.

____ b. The systematic diagnosis of a malfunction

c An enclosed channel designed expressly for
holding wires, cables, or busbars, with addi-
tional functions as permitted in the National
Electrical Code

d. The current in amperes that a conductor can
carry continuously under the conditions of
use without exceeding its temperature rat-
ing

2.

3.

4.

5.

6.

7.

e. Strong rope of nylon or other substance 8.
used to pull heavy conductors into race-
ways 9.

f Maximum voltage at which a device is 10.
designed to operate

11.
g. Compound of soap and other substances

used to lubricate conductors being pulled or 12.
pushed into a raceway

h. Establishing a connection between two 13.
points so a cable or length of flexible con-
duit can be installed 14.

i. Mechanical or hydraulic devices used to 15.
bend heavy conductors in panels and junc-
tion boxes 16.

i Conductor encased within material of com- 17.
position and thickness not recognized by
the National Electrical Code as electrical 18.
insulation

213G

19.

20.

Ampacity

Cable benders

Copperclad alumi-
num

Color coding

Covered

Cross-sectional area

Drop chain

Fish

Fish wire

Insulated

Pipe chase

Power fish-tape sys-
tem

Pull rope

Raceway

Trim out

Troubleshooting

Voltage rating

Wire dispenser

Wire-pulling com-
pound

Winch



k Final stage in a wiring project; involves
devices and plates, connecting and secur-
ing equipment, hanging fixtures, and testing
the system

I. Movable rack used to hold one or more reels
of wire so that wire can be easily pulled off
reel and fed into raceway

m. Aluminum conductor with an outer coating
of copper metallurgically bonded to the alu-
minum core

n Area in square inches allowed in a conduit
or tubing; area required for conductors in a
conduit or tubing

o. Usually a vertical space between two floors,
dedicated for the running of pipes and con-
duits between floors

p. Short length of small chain used to pull con-
ductors or flexible conduit through an
enclosed space or wall cavity

q Length of wire with a hook formed in one
end to catch material to be installed in a
space

r. Conductor encased within material of com-
position and thickness recognized by the
National Electrical Code as electrical insula-
tion

s. Manual or motor-powered mechanical
device used to pull conductors into a race-
way

t Vacuum or air pressure system for installing
a pull cord in a raceway in order to pull in the
heavy pull rope for heavy and long pulls

2E7
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TEST

2. Select true statements concerning branch circuit and feeder installation by placing an
"X" in the blanks preceding the true statements.

a When using multi-phase circuitry, balancing must take place to regulate
the even flow of current on each of the phases.

b Color coding for a high leg delta 4wire system must be marked with yellow
color and must be located on center lug.

c When identifying neutrals, the NEC states that conductors not white must
be marked with continuous white or gray tape, or white paint.

d. Temporary lighting shall be protected from accidental contact or breakage
by a suitable fixture or lampholder with a guard.

3. Identify devices used in special circuit installations.

Safety Switch

Motor Control

I

44:14,4,N4

,,,...0111/ Cable

ujOlTe

Disconnect
Box

..,/ Lighting Cabinets

OrP To

Duct End Closer
14r..- Circuit Breaker

#1,.-
ro
II

sconnect Handles

Center Cable Tap Box
dor Installation at Any Point)

Swach
Adapter

Feeder Busway
to Switchboard

Switchboard

a.

Weatherproof
Entrance

Fitting Fittings

Support Material
Tee

Disconnect

Box$
Connector 401p,

eo

Reducer

Support Materia:

Straight Sections

Conductor Pulling Tools

ti,hc )



TEST

4. Arrange in order the steps for determining the number of conductors allowed in a con-
duit based on cross-sectional area by numbering from 1 to 5.

a. Compute total area occupied by existing conductors based on Table 5,
Chapter 9 of the NEC.

b Determine size of existing conduit.

c. Determine number of conductors that may be added.

d. Find area of conduit or tubing using Table 4, Chapter 9 of the NEC.

e. Determine number and size of existing conductors.

5. List two exceptions to the NEC requirements for support of flexible metal conduit.

a.

b.

6. Complete the following list of statements concerning conditions for using the optional
calculations for additional loads to existing installations by inserting the word which
best completes each statement.

a. The maximum demand data is available in KVA for a minimum of a
period.

b. The existing demand at 125 percent plus the new load does not exceed the
ampacity of the feeders or of the service.

c. The feeder or service has in accordance with sections 230-90
and 240-3 of the NEC.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

7. Determine the number of conductors allowed to be added to an existing conduit.
(Assignment Sheet #1)

2 fi
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8. Demonstrate the ability to:

a. Rough-in a wood framed wail. (Job Sheet #1)

b. Install outlet boxes on steel rods. (Job Sheet #2)

c. Install outlet boxes on steel studs using caddy metal stud clips for switch boxes.
(Job Sheet #3)

d. Install masonry boxes in a block wall. (Job Sheet #4)

7 1)
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UNIT V

ANSWERS TO TEST

1. a. 4 e. 12 i. 11
b. 9 f. 10 j. 3
c. 1 g. 2 k. 6
d. 8 h. 5 I. 13

2. a, c, d

3. a. Buss-duct
b. Cable tray

4. a. 4
b. 1

c. 5
d. 3
e. 2

5. Any two of the following:

m. 7

CIW-279

a. Where flexible metal conduit is fished
b. Lengths not exceeding three feet
c. Lengths not exceeding six feet from a fixture terminal connection to lighting fix-

tures

6. a. One year
b Rating
c. Overcurrent protection

7. Evaluated to the satisfaction of the instructor

8. Performance skills evaluated to the satisfact!on of the instructor

0



LIGHTING
UNIT VI

UNIT OBJECTIVE

After completion of this unit, the student should be able to troubleshoot and repair lighting fix-
tures. Competencies will be demonstrated by completing the assignment sheet, job sheets,
and the unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to lighting with their correct definitions.

2. List three basic types of lighting.

3. Select true statements concerning characteristics of incandescent lighting.

4. Complete statements concerning characteristics of flourescent lighting.

5. Complete statements concerning characteristics of high intensity discharge
lamps.

6. List three methods of calculating light.

7. Complete statements concerning calculating branch circuits and voltage.

8. Select true statements concerning switching systems.

9. Locate articles in the NEC concerning lighting requirements. (Assignment Sheet
#1)

2 7 2
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OBJECTIVE SHEET

10. Demonstrate the ability to:

a. Change n two lamp ballast in a flourescent fixture. (Job Sheet #1)

b. Change sockets in a flourescent fixture. (Job Sheet #2)

c. Change an HID ballast. (Job Sheet #3)

d. Change a quartz lamp. (Job Sheet #4)

2 7 3
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LIGHTING
UNIT VI

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information and assignment sheets.

E. Discuss information and assignment sheets.

F. Provide students with job sheets.

G. Discuss and demonstrate the procedures outlined in the job sheets.

H. Integrate the following activities throughout the teaching of this unit:

1. Invite a represer4.ative from a ballast company to show and discuss the various
types of ballasts and their functions.

2. Show a film on advance ballast lighting.

3. Set up a display of the various types of lighting and point out special features.

4. Take students on a field trip to view different types of lighting used in commercial
and industrial buildings.

5. Provide students with a copy of Handout #1 Troubleshooting Procedures. Dis-
cuss and demonstrate procedures.

6. Provide students with troubleshooting problems to practice the procedures listed
in Handout #1.

7. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.

C) fry
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REFERENCES USED IN WRITING THIS UNIT

A. Mullin/Smith. Electrical Wiring (Commercial). Albany, NY: Delmar Publishers, 1984.

B. Pocket Guide to Flourescent Lamp Ballasts. Carrolton, TX: Advance Transformer Com-
pany, 1996.

C. Pocket Guide to HID Lamp Ballasts. Carrolton, TX: Advance Transformer Company,
1986.

(NOTE: Copies rsf the pocket guides listed in B and C may be obtained by writing to
Advance Transformer Company, 1435 Bradley Lane, Suite 157, Carrolton, TX 75007.)

SUGGESTED SUPPLEMENTAL MATERIAL

Film HID Lighting. Advance Transformer Company, 1435 Bradley Lane, Suite 157,
Carrolton, TX 75007.

1)"1.7.,.
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LIGHTING
UNIT VI

HANDOUT #1 TROUBLESHOOTING PROCEDURES

A. Lamp will not start

"I. Step 1

I

Replace
inoperative
lamp

Visually inspect lamp for
normal end-oflife failure
and physical damage.

L
Check breakers,
fuses, photocell.

J
Visually inspect and
verify use of proper
combination of lamp,
ballast, capacitor,
ignitor and associated
wiring in system.

I

Correct
if not all
compatible

1

Visually inspect
ballast, capacitor,
ignitor and socket
for physical damage
and signs of failure.

Replace both
core & coil ballast
and capactitor if
either appears damaged

Measure Open Circuit
Voltage at lamp socket.

If out of spec:
Continue
testing.
See Step 2.

(CAUTION:
If HPS,
disconnect
ignitor before
performing test.)

If within spec:
Replace lamp with known
good lamp. If lamp does
not start, perform
Capacitor & Ignitor
(if used) testing
See Step 3.

27i1

CIW-285



286

2. Step 2

3. Step 3

HANDOUT #1

Open circuit voltage
measurement out of spec

Measure line voltage
at ballast input and
verify conformance with
ballast label

L
If not conforming:
Electrical problems
exist outside
of fixture

I

Recheck circuit
wiring, fuses,
breakers,
switches, etc.

_L.__
Perform
ignitor
testing

r-I
If conforming:
Perform tests
on ballast &
capacitor
See Step 3

Lighting system
component
testing

Perform
Capacitor
Tests

Replace
shorted or
open
capacitor

Measure Short
Circuit Lamp
Currera

If out of spec:
Replace Inoperative
Ballast (also
replace capacitor
to assure poper
performance)

2'l 7



S. Lamp cycles

[ Lamp cycles

I

HANDOUT #1

Visually inspect lamp for
normal end-of-life failure and
physical damage

I _1
Replace
inoperative
lamp

CAUTION
If HPS,
disconnect
Ignitor
before
performing
test

Replace any
apparently
damaged
components

Interchange with known
good lamp. Replace non-
start lamp where required

Check photocell orientation per
manufacturers' instructions

IVisually inspect and verify
Ilse of proper combination
of lamp, ballast and
capacitor in system

Visually inspect ballast,
capacitor and socket for
physical damage and signs
of failure

Measure Open
Circuit Voltage
at Lamp Socket

If out of spec:
Replace inoperative
ballast (also replace
capacitor to assure
proper performance)

1

Measure line voltage at
ballast Input and verify
conformance with
ballast label

If not conforming:
Electrical problems
exist outside
of fixture

Supply voltage to fixture may be too high or low.
Load fluctuations on same circuit may cause variable
supply voltage conditions.

2 7 ;,-3
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C. Lamp too bright or dim

Replace any
incorrect or
damaged
components

(CAUTION:
If HPS
disconnect
ignitor
bet.
perk), 'rig
test.)

HANDOUT #1

1

Lamp appears
too bright or too dim

I

Inspect components
for conformance
with ballast label
and signs of
physical damage

Measure
Open
Circuit
at lamp
socketF

If out of spec:
Replace inopera
tive ballast
(also replace
capacitor to
assure proper
performance)

Measure
line
voltage
at ballast
input and
verify
conformance
with ballast
label

I

Disconnect
and
visually
inspect
capacitor
for bulges

Replace
Distorted
Capacitor

If not conforming:
Electrical
problems
exist outside
of fixture

Supply voltage to
fixture may be
too high or low

Courtesy of Advance Transformer Company.

Discharge
capacitor
by shorting
between
terminals
and test
with capacitor
meter or
ohmmeter

Replace when
necessary

(CAUTION:
Capacitor
must be
discon-
nected
and
discharged.)
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LIGHTING
UNIT VI

INFORMATION SHEET

I. Terms and definitions

A. B Blue lamp

B. Ballast Transformer used in lighting circuits

C. Cathode Coiled coil or triple coil tungsten wire at each end of lamp
which is coated with material which emits electrons

D. Coefficient The square root of the ratio of the power reflected from a sur-
face to the power incident of the same surface

E. CW Cool white lamp

F. D Daylight lamp

G. Flourescent lighting Electric discharge lighting

H. FC Foot-candles

I. G Green lamp

J. HID High intensity discharge

K. Incandescent lighting Consists of a filament which is a highly refractory
conductor mounted in a transparent or translucent glass bulb

L. Lumens A unit of light emitted from a point light source of one candle
through a unit solid angle

M. PK Pink lamp

N. Photocell Light activated switch

0. Photometer Instrument used in determining lumens

P. Phosphor Coating inside a flourescent bulb to determine the color of
light

Q. W White lamp

R. WW Warm white lamp

IL Basic types of lighting

A. Incandescent

B. Flourecent

C. High Intensity discharge (HID)

.;; :1
6.1 s.., I I



290

iNFORMATiON SHEET

III. Characteristics of incandescent lighting

A. It has the lowest efficiency rating of any lamp, but is the most popular type
used because of the low cost.

B. Incandescent lamps come in many different sizes and shapes.

EXAMPLES:

General Use i Tube

C. Incandescent lamps have different bases.

EXAMPLES:

Medium
Skirted Mogul

IV. Characteristics of flourescent lightir

A. Classification of flourescent lamps are determined by the type, length or
wattage, shape and color.

EXAMPLE:

B. The color of a flourescent lamp depends on the phosphor used inside the
bulb. Different colors are usually marked on the lamp as WVVwarm white,
Ddaylight, Wwhite, CWcool white, WWwarm white, Bb'ue, PK--
pink. and Ggreen.
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INFORMATION SHEET

C. There area four types of contacts found in tube bases of flourescent lamps.

J

Single Pin Bi-Pin Recessed
Double Contact

Pin
Four Pin

D. There are three types of flourescent tubes: preheat, rapid-start, and instant-
start.

E. The ballast is necessary to start the tube and to stabilize the current flow.
Without it the flourescent light would quickly burn itself out.

V. Characteristics of high intensity discharge (HID) lamp3

A. There .are four basic types of HID lamps used in the lighting industry: mer-
cury, metal halide, high pressure sodium, and low pressure sodium.

B. Mercury and metal halide lamps have an additional electrode to assist
lamp starting while high pressure sodium, low pressure sodium, and some
newer metal halide lamps have no starting electrodes.

C. There are disadvantages and advantages when using high intensity dis-
charge lighting.

1. Disadvantages HID lighting takes longer to reach full output.
When power is lost, HID lighting goes through a cooling period
before coming back on. Emergency back up lighting is generally
used when an HID system is in operation.

Light Source
Warm.Up Restrike

Time Time

Mercury Vapor
Metal Halide
High Pressure Sodium
Low Pressure Sodium

5-7 minutes
2-5 minutes
3-4 minutes
7-10 minutes

3-6 minutes
10-20 minutes
1/2-1 minutes
3-12 minutes

2. Advanidges iliD iiyiliitig provides a greaier kir
the cost of operation. HID lighting is less expensive to operate than
any other source of lighting. HID lighting also has fewer mainte-
nance problems.

2 Fi 2
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INFORMATION RI-IFFT

VI. Iliasthods of calculating light

A. Foot-candles may be calculated when the lumens and square feet are
known.

(NOTE: The intensity of light al a distance from the source is expressed in
foot-candles or in lumens.)

Footcandles = Lumens o.. a surface
Area of surface in sq. ft.

B. To obtain the output of a light source in lumens when spherical candle
power is known, use

F= 12.57 x I LM

C. A photometer is an instrument used in determining the luminous intensity,
in candles, of a light source.

VII. Calculating branch circuits and voltage

A. When calculating branch circuits for lighting loads of not less than that
specified in NEC Table 220-3(b), the minimum lighting load for each square
foot is 0.093 square meters of floor area.

B. If line voltage is higher or lower than that for which the ballast was
designed, this condition can affect lamp life, ballast life, and lamp light out-
put. Ballasts should operate within +7 1/2% of rated voltage.

VIII. Switching systems

A. Switches, photocells, and magnetic lighting contactors may be used to
control lighting circuits.

B. Switches may be used for controlling lighting circuits when the amperes
are within the rating of the switch.

C. A photocell is a switch activated by light or sunlight. It may be used for con-
trolling lights within its ampacity or can control a lighting contactor.

D. Lighting contactors are used when photocells and switches cannot control
the lighting amperage. Photocells and switches may then be used as con-
trol circuits for a lighting contactor.

E. Switches and dimioers may be used on flourescent and HID lighting. The
output of flourescent or HID lamps can be adjusted by holding a constant
voltage on the cathodes and controlling the current passina through the
lamp. Thyr2..ions, silicon-controlled rectifiers, and autotransformers can
provide this type of control.
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UNIT VI

ASSIGNMENT SHEET #1 - LOCATE ARTICLES IN THE NEC
CONCERNING LIGHTING REQUIREMENTS

CIW-293

SCORE

Directions: List NEC article numbers for the following lighting conditions.

A. Autotransformers

B. Tapp conductors

C. Emergency lighting switch requirements

D. Wet and damp locations

E. Transformer ratings

F. Track lighting

(IQ 7
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LIGHTING
UNIT VI

ANSWERS TO ASSIGNMENT SHEET #1

A. 410-78
B. 410-67(c)
C. 700-20
D. 410-4
E. 410-83
F. 410-103

285
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LIGHTING
UNIT VI

JOB SHEET #1 - CHANGE A TWO LAMP BALLAST
IN A FLOURESCENT FIXTURE

A. Equipment and materials needed

1. Pouci tocls

2. Eight wire nuts

3. Two lamp ballast

4. Safety glasses

B. Procedure

1. Put on safety glasses.

2. Disconnect power.

3. Remove ballast cover from fixture.

4. Cut wires 6" from ends of socket.

(NOTE: Do not cut wires less than 6" as this will void warranty.)

5. Remove c Jai last.

6. Install new ballast.

(NOTE: Check warranty date on ballast. Most ballasts are under warranty for one
year.)

7. Re-connect conductors back by color.

8. Re-connect power.

9. Install ballast cover plate.

10. Install lamps.

11. Apply power and check fixture operation.

(NOTE: Have instructor check project before power is applied.)

12. Clean work area; put away all equipment and materials.

2 R 6
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UNIT VI

JOB SHEET #2 - CHANGE SOCKETS IN A FLOURESCENT FIXTURE

A. Equipment and materials needed

1. Pouch tools

2. Eight two-pin fixture sockets

3. Safety glasses

B. Procedure

1. Put on safety glasses.

2. Disconnect power.

3. Remove ballast cover from fixture.

4. Remove socket end plate.

5. Remove one socket at a time and replace with new.

6. Install socket end plate.

7. Reconnect power.

8. Install ballast cover plate.

9. Apply power and check fixture operation.

(NOTE: Have instructor check project before power is applied.)

10. Clean work area; put away all equipment and materials.

2S 7
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UNIT VI

JOB SHEET #3 - CHANGE AN HID BALLAST

A. Equipment and materials needed

1. Pouch tools

2. HID ballast

3. 12 yellow wire outs

B. Procedure

1. Disconnect power.

2. Remove cover from fixture.

3. Check old ballast voltage to new ballast.

4. Cut old ballast wiring.

5. Remove old ballast.

6. Install new ballast.

7. Connect new ballast.

8. Install cover plate.

9. Apply power and check fixture operation.

(NOTE: Have instructor check project before power is applied.)

10. Clean work area; put away all equipment and materials.

9 ;.? ,r
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W LIGHTING
UNIT VI

JOB SHEET #4 - CHANGE A QUARTZ LAMP

(NOTE: A quartz lamp must never be touched by hands because the oil on your skin will cause
the lamp to burn out. Use a paper towel or rag that does not contain any oily products to
change the lamp.)

A. Equipment and materials needed

1. Pouch tools

2. Paper towels or clean rags

3. Quartz lamp

B. Procedure

1. Disconnect power.

2. Open cover to fixture.

3. Remove old lamp.

4. Install new lamp with towel or rag.

5. Close cover to fixture.

6. Apply power and check fixture operation.

(NOTE: Have instructor check project before power is applied.)

7. Clean work area; put away all equipment and materials.

2 Fi 9



Aftir LiGHTING
UNIT VI

JOB SHEET #1 PRACTICAL TEST - CHANGE A TWO LAMP BALLAST
IN A FLOURESCENT FIXTURE

STUDENT'S NAME DATE

CIW-305

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a

"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is

unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Disconnected power.
3. Removed old ballast.
4. Installed new ballast.
5. Made connection to color code.
6. Installed lamps.
7. Reconnected power and tested.
8. Checked in /put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner ( hrs _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

290
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
shoulu be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ballast installed properly

4 3 2 1

Connections tight

4 3 2 1

Lamps installed correctly

4 3 2 1

Project works

4

Workmanship
3 2 1

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the .otal number of criteria.)

I0 CI -
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LIGHTING
UNIT VI

JOB SHEET #2 PRACTICAL TEST CHANGE SOCKETS IN
A FLOURESCENT FIXTURE

STUDENT'S NAME DATE

CIW-307

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student hat satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Disconnected power.
3. Removed ballast and socket end plate.
4. Installed sockets one at a time.
5. Installed ballast cover and end plate.
6. Installed lamps.
7. Reconnected power and checked.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner (__. hrs _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

2 2
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Sockets wired correctly

4 3 2 1

Connections tight

4 3 2 1

Lamps installed correctly

4 3 2 1

Project works

4

Workmanship
3 2 1

4

Compliance to NEC
3 2 1

EVALUATOR'S COMMENTS'

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

9:42
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UNIT VI

JOB SHEET #3 PRACTICAL TEST CHANGE AN HID BALLAST

STUDENT'S NAME DATE

CIW-309

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Power disconnected.
3. Removed old ballast.
4. Installed new ballast.
5. R3connected new ballast.
6. Insta,led cover plate.
7. Connected power.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner (_hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:

0 n4 :1 q
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Voltages match

4 3 2 1

Ballast installed correctly

4 3 2 1

Project works

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

Q:-
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LIGHTING
UNIT VI

JOB SHEET #4 PRACTICAL TEST - CHANGE A QUARTZ LAMP

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorgy achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Power disconnected.
3. Opened cover to fixture.
4. Removed old lamp.
5. Installed new lamp with rag or towel.
6. Applied power.
7 Checked in/put away tcols and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner min. sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

n



JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery t.) be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

New lamp installed
correctly

4

Workmanship

4

Compliance to NEC

EVALUATOR'S COMMENTS:

3 2 1

3 2 1

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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LIGHTING
UNIT VI

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a. Green lamp 1. B

b. Light activated switch 2. Ballast

c. White lamp 3. Cathode

Foot-candles 4. Coefficient

e. Transformer used in lighting circuits 5. CW

f. Electric discharge lighting 6. D

g. Instrument used in determining lumens 7. Flourescent lighting

h. Warm white lamp 8. FC

i. Codting inside a flourescent bulb to deter- 9. G
mine the color of light

10. HID
j. A unit of light emitted from a point light

source of one candle through a unit solid 11. Incandescent lighting
angle

12. Lumens
k. High intensity discharge

13. PK
I. Daylight lamp

14. Photocell
m. Consists of a filament which is a highly

refractory conductor mounted in a transpar- 15. Photometer
ent or transluscent glass bulb

16. Phosphor
n. Cool white lamp

17. W
o. Blue lamp

18. WW
p. Coiled coil or triple coil tungsten wire at

each end of lamp which is coated with mate-
rial which emits electrons

.q. Pink 1E,up

r. The square root of the ratio of the power
reflected from a surface to the power inci-
dent of the same surface

I3
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TEST

2. List the three basic types of lighting.

a.

b.

c.

3. Select true statements concerning characteristics of incandescent lighting by placing

an "X" in the blanks preceding the true statements.

a It has the highest efficiency rating of any lamp and is the most popular
type because of the low cost.

b Incandescent lamps come in many different sizes and shapes.

c incandescent lamps have different bases.

4. Complete the following statements concerning characteristics of flourescent lighting

by inserting the wordjs) which best complete each statement.

a. Classifications of flourescent lamps are determined by the type, length or watt-
age, shape and

b. The color of a flourescent bulb depends on the used inside the

bulb.

c. There are four types of contacts found on tube bases of flourescent lamps: sin-

gle pin, bipin, four pin and

d. There are three types of flourescent tubes: , rapid-start, and

instant-start.

e. The ballast is necessary to start the tube and to
flow.

the current

5. Complete the following statements concerning characteristics of high intensity dis-
charge lamps by inserting the words which best complete each statement.

a. There are four basic types of HID lamps used in the lighting industry:

, metal halide, high pressure sodium, and low pressure ,odium.

h. and lamps have an additional electrode to
assist lamp starting while others have no starting electrodes.

c. When power is lost, HID lighting goes through a period before

coming back on.

d. HU) lighting provides a greater for the cost of operation.

2 9



TEST

6. List three methods of calculating light.

(HINT: Two methods use formulas to calculate light.)

a.

b.

c.

CIW315

7. Complete the following statements concerning calculating branch circuits and voltage
by circling the numbers which best complete each statement.

a. When calculating branch circuits for lighting loads of not less than that specified
in NEC Table 220-3(b), the minimum lighting load for each square foot is (0.039,
0.093) square meter of floor area.

b. Ballasts should operate within (+71/2%, +5 1/2%) of rated voltage.

8. Select true statements concerning switching systems by placing an "X" in the blanks
preceding the true statements.

a. Switches, photocells, and magneti^ lighting contactors may be used to
control lighting circuits.

b A photocell is a switch activated by light or motion.

c. Lighting contactors are used when photocells and switches control the
lighting amperage.

_____d Switches and dimmers may be used on flourescent and HID lighting.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

9. Locate articles in the NEC concerning lighting requirements. (Assignment Sheet #1)

10. Demonstrate the ability to:

a. Change a two lamp ballast in a flourescent fixture. (Job Sheet #1)

b. Change sockets in a flourescent fixture. (Job Sheet #2)

c. Change an HID ballast. (Job Sheet #3)

d. Change a quartz lamp. (Job Sheet #4)
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LIGHTING
UNIT VI

ANSWERS TO TEST

1. a. 9 e. 2 i. 16 m. 11 q. 13
b. 14 f. 7 j. 12 n. 5
c. 17 g. 15 k. 10 o. 1

d. 8 h. 18 I. 6 P. 3

r. 4

2. a. Incandescent
b. Flourescent
c. High intensity discharge (HID)

3. D, C

4. a. Color
b. Phosphor
c. Recessed double contact
d. Preheat
e. Stabilize

5. a. Mercury
b. Mercury, metal halide
c. Cooling
d. Lumens-per-watt

6. a. Footcandles Lumens on a surface
Area of surface in sq. ft.

b. F = 12.57 x I LM
c. Photometer

7. a. 0.093
b. +71/2%

8. a, d

9. Evaluated to the satisfaction of the instructor

10. Performance skills evaluated to the satisfaction of the instructor

3 il i
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MOTORS AND CONTROLLERS
UNIT VII

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify common contactors and
starters as well as typical motors. Competencies will be demonstrated by completing the
assignment sheets, Job sheets, and the unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to motors and controllers with their correct definitions.

2. Discuss direct current motor theory of operation.

3. List three types of DC motors.

4. Discuss single-phase motor theory of operation.

5. List five types of single phase motors.

6. Discuss three-phase motor theory of operation.

7. List three types of three-phase motors.

8. State the procedure for reversing a three-phase motor.

9. Select from a list typical supply voltage for three-phase motors.

10. Identify schematic and terminal connections for delta and wye wound three-phase
motors.

11. Match motor problems with their typical symptoms.

12. Match remedies with the correct symptoms of motor problems.
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OBJECTIVE SHEET

13. Complete a list of safety rules to observe when working around motors.

14. List two types of contactors.

15. Identify parts of a manual contactor.

16. Select from a list electrical devices or circuits controlled by contactors.

17. Name two types of motor starters.

18. Identify two types of magnetic motor starters.

19. List three uses of magnetic motor starters.

20. Compare parts in magnetic contactors with parts in magnetic motor starters.

21. List three reasons a contactor cannot bt used to control a motor.

22. State two purposes of a coil assembly.

23. Identify parts of a coil assembly.

24. Interpret nameplate information. (Assignment Sheet #1)

25. Describe remedies for common motor problems. (Assignment Sheet #2)

26. Use the National Electrical Code to answer questions about motor control circuits.
(Assignment Sheet #3)

27. Distinguish between motor starters and contactors. (Assignment Sheet #4)

28. Answer questions about uses of contactors and motor starters. (Assignment
Sheet #5)

29. Demonstrate the ability to:

a. Disassemble, inspect, and clean a motor. (Job Sheet #1)

b. Identify run, common, and start terminals on a hermetically sealed motor.
(Job Sheet #2)

c. Test capacitors with an ohmmeter. (Job Sheet #3)

d. Wire a three-phase motor for dual voltages. (Job Sheet #4)

e. Perform maintenance on a magnetic motor starter or contactor. (Job Sheet
#5)
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MOTORS AND CONTROLLERS
UNIT VII

SUGGESTED ACTIVITIES

A. Obtain additional materials andlor invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Visit a motor winding shop.

2. Visit a local industry and view types of motors and con,:ollers used.

3. Invite a local maintenance cr industrial electrician to speak on the importance of
controls and motors.

4. Teach and test this unit in two parts: Objectives 1-13 and Objectives 14-23.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.

3 0 4
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REFERENCES USED iN WRiTiNG THiS UNiT

A. Adams, James and Gordon Rockmaker. Industrial Electricity Principles and Practices.
Third Edition. Brooklyn, NY: McGraw-Hill Book Company, 1985.

B. National Electrical Code, 1987. Quincy, MA: National Fire Protection Association, 1986.

C. Teague, Cash and Garner Pewewardy. Industrial Electricity: In-Plant Distribution. Still-
water, OK: Oklahoma Curriculum and Instructional Materials Center, 1984.

SUGGESTED SUPPLEMENTAL MATERIAL

Slide tape series Rotating Machinery Explained. Bergwall.
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Magnetic Poles in an Electric Motor

Reversing Direction of Current Flow Reverses Magnetic Polarity of Poles

3O
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Polyphase Magnetism

A B C

14-414

I I I

1

I I I

1 1

i 1

14- --)1

60 Electrical
Degrees South

North

A B C

A B C

As the magnitude of
each phase sine wave
increases . . . so does the
strength of the magnetic
field it induces
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Copper End Ring

3,119

Squirrel-Cage Rotor

Welded at All Joints

Laminations Forming Iron Core
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Delta-Wound Motor
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Ao

Bo

Co
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Wye -Wound Motor
(Single Speed)

Phase A

1

314



Three-Phase Motor Windings

Phase C

Phase B

Phase A



0 Dual-Voltage Three-Phase Motor
Showing Possible Six, Nine, and

Ten Leads
Ti

1
T4

T5

......a76

13
12

Six-Lead Wye

T1 17

T9

T4

Ts

T2
.,r,,,,,,,7::,

T9 7 T8

13 Nine-Lead Wye

3r'7

T3 Ten-Lead Wye

T2

19
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Dual-Voltage Three-Phase Motor
Showing Possible Twelve Leads

T T11 T8 T5

T12

T9

/T6
T

1

Twelve-Lead Wye T9/ \T
4

3

(High Voltage) T \T-7/
T3 \T

10

T11 T8 T5 T2

Twelve-Lead Delta
(High Voltage)

T2

T1 T7

T4 T10

T12

T9 #0FTe T11 T2

T3 T8

Twelve-Lead Wye
(Low Voltage)

33
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Types of Magnetic-Contactor
Assemblies

Stationary
Contacts

Coil

Frame

Clapper
Movable
Contacts

Armature

Horizontal Action
Movable Contacts

Frame

Stationary
Contacts

Coil

Armature

Stationary
Contacts

Bell Crank
Movable
Contacts

Frame

Coil

Armature

Adapted with permission of Cutler-Hammer Products/Eaton Corp; Allen-Bradley, a Rockwell International Company,
Milwaukee, Wisconsin; and courtesy of Square D Company. TM 9
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MOTORS AND CONTROLLERS
UNIT VII

INFORMATION SHEET

I. Terms and definitions

A. Arc chute Partition between contacts to reduce electrical arcing

B. Armature Portion of coil assembly moved by magnetism

C. Contactor Device used to make and break electrical power circuit

D. Delta Three-phase circuit in which the windings are connected in series
(form a closed loop)

E. Dual voltage motor Motor capable of being wired to run at two different
voltages

F. Power factor Ratio of active power to apparent power

3. Relay Operated by a change in one electrical circuit to control a device in
the same circuit or another circuit; used in control circuits

H. Shading coil Single turn of conducting material mounted on the mag-
netic assembly face to produce out-of-phase magnetic force

I. Single phasing Loss of one phase of a three-phase system

J. Starter Device used to make or break a motor's power circuit

K. Thermal overloads (heater) Device used to sense current draw in a circuit
and open a control circuit when it's rating is exceeded

L. Torque Force that produces a rotating or twisting action

(NOTE: Amount of torque is expressed in foot-pounds.)

M. Wye Three-phase circuit in which the windings are connected in parallel
(form the shape of a 'Y")

II. Direct-current motor theory of operation (DC motors)

(NOTE: Direct-current motors rotate through the interaction of two magnetic
fields.)

A. Magnetic field produced at face of stationary poles

B. Magnetic field produced by current flowing in armature winding

C. Fields repel each other causing the armature to rotate

320
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INFORMATiON SHEET

Ill. Types of DC motors

A. Shunt motor

(NOTE: A shunt motor has the field connected in parallel with its armature.)

B. Series motor

(NOTE: A series motor has the fields connected in series with the arma-
ture.)

C. Compound motors

(NOTE: A compound motor has combination series and shunt windings.
The series windings are connected in series with the armature and the
shunt windings are connected in parallel.)

IV. Single phase motor theory of operation

A. Operates on a single wave form from a 2-wire A/C system

B. NC single phase current p.oduces a varying magnetic field

(NOTE: The varying field, when applied directly to the field windings of
most single phase motors cannot produce starting torque. Series motors
contain an armature winding in series with the main winding and develops
sufficient starting torque.)

V. Types of single phase motors

(NOTE: Average starting torques of single-phase motors is expressed as a per-
centage of the running torque of each motor.)

A. Shaded pole (100% starting torque)

(NOTE: Used in small sizes only for timers, small fans, light duty kitchen
appliances, etc.)

B. Split phase (200% starting torque)

C. Capacitor (300% starting torque)

D. Induction repulsion (400% starting torque)

E. Series (500% starting torque)

32i
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INFCIRIVIATifiN RHFFT

VI. Three-phase motor theory of operation

(NOTE: The three-phase motor is the workhorse of industry. They are rugged and
reliable and the most dependable type of motor.)

A. Current in the stator produces a rotating magnetic field.

B. Currents induced in the rotor create a magnetic field.

C. The rotor turns, seeking an opposite pole

VII. Types of three-phase motors

(NOTE: An unloaded or lightly loaded three-phase motor will continue to run but
will not start under single phase conditions.)

A. Squirrel-cage induction

(NOTE: This is the most commonly used motor in industrial applications.)

B. Wound-rotor

(NOTE: This is commonly called a slip-ring motor.)

C. Synchronous

(NOTE: Synchronous motors are frequently used for power-factor correc-
tion. When used for this purpose they are known as synchronous con-
densers.)

3 2
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!NFORMATION SHEET

VIII. Reversing rotation of three-phase motors A three-phase motor is reversed by
interchanging any two of the three supply lines anywhere between the motor and
the source of supply.

Delta-Wound Motor

Wye-Wound Motor
(Single Speed)

2 0 0'')ti 4.
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INFORMATION SHEET

IX. Typical supply voltages for three-phase motors

A. 240-volt three-phase delta

B. 480-volt three-phase delta

C. 208-volt three-phase wye

D. 480-volt three-phase wye

X Dual voltage schematics and terminal connections

A. Delta-wound nine-lead motor (high voltage)

(NOTE: On a typical 240/480-volt dual-voltage motor the 240-volt windings
would wire in parallel and the 480-volt windings would wire in series, as
shown.)

Schematic Connection

L1

B. Delta-wound nine-lead motor (low voltage)

Schematic Connection

Li

Terminal Connection

Li L2 L3

6 6 6
es e

e)

Terminal Connection

324

or,
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INFORMATION SHEET

C. Wye -wound nine-lead motor (high voltage)

Schematic Connection

D. Wye-wound nine-lead motor (low voltage)

Schematic Connec"on

T5

T5

325

L2

L2

L3

Terminal Connection

Li L2 L3

Tti T2 T3

Terminal Connection

L2
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INFORMATION SHEET

Xi. Motor problems and their typical symptoms

A. Failure to start

1. Blown fuse or open circuit breaker

2. Low voltage or no voltage

3. Open wiring circuit

4. Incorrect power line connection

5. Excessive load

6. Excessive end play

7. Seized or worn bearings

8. Open overload

B. Excessive noise

1. Unbalanced parts

EXAMPLES: Bearings, pulley, rotor

2. Bent shaft

3. Loose parts

4. Faulty alignment

5. Worn bearings

6. Dirt in air gap between rotor and stator

7. Uneven air gap

8. Shorted silicon - controlled rectifier (SCR) drive unit

C. Overheated bearings

1. Lack of oil

2. Dirty oil

3. Oii not reaching shaft

4. Excessive grease or oil

0 -Iic.t)
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INFORMATION SHEET

5. Excessive belt tension

6. Rough bearing surface

7. Bent shaft

8. Misalignment of shaft and bearing

9. Excessive end thrust

10. Excessive side pull

11. Belt slippage

D. Overheated motor

1. Obstruction of ventilating system

2. Overloading

3. Rotor dragging on stator

4. Incorrect voltage

5. High ambient temperature

XII. Remedies for motor problems

A. Failure to start

1. Check supply voltage.

(NOTE: Supply voltage should be within 10 percent of motor r erne-
plate voltage. If no voltage, reset breaker or check fuses.)

2. Check motor wiring with ohmmeter.

3. Remove load from motor and try to start.

4. Move motor shaft by hand to check for end play, side play, and bear-
ing tightness.

B. Excessive noise

1. Replace out -of- balance pulley.

2. Remove pulley and check straightness of shaft.

3. Tighten motor accessories and mounting.

327

IP



CIW-349

INFORMATION SHEET

4. Align drive pulley with driven pulley.

5. Replace bearings.

6. Clean motor.

7. Check for out-of-round motor.

C. Overheated bearings

1. Use recommended nondetergent motor-bearing oil.

2. Put clean oil in reservoir.

(NOTE: This will be possible only en large motors with bearing oil res-
ervoirs.)

3. Clean excessive grease buildup from ball bearings.

4. Adjust belt to proper tension.

5. Move motor shaft by hand to check for end play, side play, and bear-
ing tightness.

6. Replace rough or worn bearings.

7. Remove pulley and check for bent shaft.

8. Align drive pulley with driven pulley.

D. Overheated motor

1. Clean motor.

2. Adjust belt tension.

3. Check full load amperage.

4. Check for conect voltage.

(NOTE: A voltage check should be made at the motor terminals with
the motor under load.)

5. Check for loose bearings.

6. Check for tight bearings.

7. Check pulley alignment.

8. Remove pulley and check for bent shaft.

3 9t L. 0
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INFARMATInN SHEET

XIII. Safety rules to observe when working around motors

A. Do not underestimate the danger of the circuit.

B. Use caution around slectric arcs.

C. Never install equipment that will overload the circuit.

D. Never bypass protective devices.

E. Protect all wires from physical and thermal hazards.

F. Tag and lock electrical disconnects when working on motors or motor cir-
cuits.

G. Wear eye pi, :action.

H. Do not touch moving parts.

I. Ground all electric motor frames.

XIV. Types of contactors

A. Manual

B. Magnetic

XV. Parts of a manual contactor

Spring

Courtesy of Square D Company.

Start/Stop
Buttons

Insulated Operating
Mechanism Enclosure

Sadole Clamp
TP:rignals for
Power Input Circuit

Movable
Contacts

Insulated TFrame I

Stationary
Contacts

Arc Chutes

SaddleCiamp Terminals Insulated Contactor
for Power Output Circuit =3 2 Main Frame



INFORMATION SHEET

XVI. Electrical devices and circuits controlled by magnetic contactors

A. Lighting loads

B. Heaters

C. Transformers

D. Capacitors

E. Power circuits

XVII. Types of motor starters

A. Manual

B. Magnetic

XVIII. Types of magnetic motor starters and their parts

A. Starting

Auxiliary (Holding)
Contacts

Housing for
Overload Contacts

L1 L9 L3

Line Terminals

Reset Button

------k.

Adapted with permission of CutierHammer
Products/Eaton Corporation.

3 :3 1")

Coil Terminals
(Always check coil
voltage.)

Thermal Overloads
(Heaters)

Load Terminals
T1 T2 T3

CIW-351



352

B. Reversing

Forward Starter

INFORMATION SHEET

Reverse Starter

1.0144Y govt.*/

Cu,..
AS0 CVTLER HAMMER

i folS 2

IPA""Hil:11FA

)) W
/1111

0 "1:
:11111P

NNW

.e;72:: I! I s3;;IL 1111,1

mna fte AI KA
(Newt In 4411.

iThermal Overloads
(Heaters)

Used with permission of Cutier-Hammer ProductslEaton Corporation.
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INFORMATION SHEET

(NOTE: Reversing any two phases will change rotation of motor. L1 and L3
are reversed.)

EXAMPLE:

Normally Closed
Forward Auxiliary

Contacts

Normally Open
Forward Auxiliary

Contacts

Li L2
Normally Closed
Reverse Auxiliary

Contacts

Ti T2 T3

XIX. Uses of magnetic motor starters

A. Starting motors

B. Reversing motors

C. Braking motors to stop

D. Controlling speed of motors

3 32

1\1

Reverse Normally Open
Main Reverse Auxiliary

Contacts Contacts
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INFORMATION SHEET

XX Comparison of parts in magnetic contactors and parts in magnetic mr±:-,i- starters

(NOTE: Motor starters are contactors with overload protection for the motor.)

TABLE 1

Parts
Motor

Contactors Starters

Line terminals Yes Yes

Power contacts Yes Yes

Load terminals Yes Yes

Holding contacts Yes Yes

Coil Yes Yes

Thermal overloads (heaters) No Yes

Reset button No Yes

Overload contact No Yes

XXI. REasons a contactor cannot be used to control a motor

A. Contactor does not provide running overload protection for motor

B. Contactor is not designed for high inrush current for motor starting

C. Contactor does not contain a set of overload contacts

XXII. Purposes of a coil assembly

A. Changes electrical signal to magnetic signal

B. Activates mechanical portion of motor starter



INFORMATION SHEET

XXIII. Parts of a coil assembly

Laminations

Magnetic Coil

,./

Armature

Magnetic Assembly./

3 2 4

Shading Coil
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MOTORS AND CONTROLLERS

UNIT VII

ASSIGNMENT SHEET #1 INTERPRET NAMEPLATE INFORMATION

NAME SCORE

The industrial electrician must be able to interpret motor nameplate information in order to be
able to service and repair a motor.

Directions: Select an electric motor as specified by your instructor. Use the information on the
nameplate to complete the following questions.

A. What is the horsepower of the motor?

B. Is this a single-phase or three-phase motor?

C. At how many revolutions per minute does the motor operate?

D. What is the recommended voltage to which this motor should be connected?

E. What type of overload protection does the motor have?

F. How long is the motor designed to operate?

G. Under what temperature will the motor operate?

H. What is the identitication number?

I. At how many cycles per second does the motor operate?

,I. What is the motor type?

K. What type of current does the motor use?

L. What is the service factor of the motor?

M. What type of mounting is used?

9 el. 0f:1
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0 MOTORS AND CONTROLLERS
UNIT VII

ASSIGNMENT SHEET #2 - DESCRIBE REMEDIES FOR
COMMON MOTOR PROBLEMS

NAME SCORE

An industrial electrician must be able to determine causes and remedy common motor prob-
lems.

Directions: In the following situations, the problems are stated. Write solutions for each prob-
lem.

A. Motor fails to start

B. Motor is overheating

3 3 6
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ASSIGNMENT SHEET #2

C. Motor is excessively noisy

D. Motor bearings are overheat:ng

3 :1 '';7
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MOTORS AND CONTROLLERS
UNIT VII

ASSIGNMENT SHEET #3 - USE NATIONAL ELECTRICAL CODE
TO ANSWER OUECTIONS ABOUT MOTOR CONTROL CIRCUITS

NAME SCORE

The industrial electrician must be able to interpret and apply the National Electrical Code by
properly wiring all motor control circuits according to information found in Article 430.

Directions: Use the National Electrical Code to answer the following questions.

A. State the section of the National Electrical Code that deals with overcurrent protection.

B. List two exceptions for conductor protection in motor control circuits.

1.

2.

C. Is a transformer used to step down voltage for motor control circuits exempt from
Article 430? Write an "X" in the appropriate blank.

Yes No

D. Describe the National Electrical Code requirements for protecting control conductors.

E. State time when motor control circuits must be disconnected.

E Define a motor control circuit.

G. State procedures for protecting conductors in control circuits.

H. Define "insight" as it applies to motors and controllers.

3 3
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MOTORS AND CONTROLLERS
UNIT VII

ASSIGNMENT SHEET #4 - DISTINGUISH BETWEEN MOTOR
STARTERS AND CONTACTORS

NAME SCORE

When servicing existing equipment, an electrician must be able to identify at a glance a motor
starter or a contactor. Contactors never have thermal overloads (heaters), reset buttons, or
overload contacts.

Directions: Look at each of the following pictures. Label each "contactor" or '' motor starter"

A. B.

Adapted with permission of Allen-
Bradley, a Rockwell International
Company, Milwaukee, Wisconsin.

3 :3;-)

Adapted with permission of Cutler-Hammer
Products/Eaton Corporation.
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ASSIGNMENT SHEET #4

C. D.

Adapted with permission of Allen-
Bradley, a Rockwell International
Company, Milwaukee, Wisconsin.

E. F.

Adapted with permission of CutlerHammer
Pri 7ducts1Eaton Corporation.

Courtesy of Square D Company.

3 4 0

Adapted with permission of Alien-
Bradley, a Rockwell International
Company, Milwaukee, Wisconsin.
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ASSIGNI'viENT SHEET #4

_--

e

Adapted with permission of Allen-
Bradley, a Rockwell International
Company, Milwaukee, Wisconsin.

CIW-365

H. Which items did you recognize as being contactors?

Explain why you selected these items as contactors.

I. Which items did you select as being motor starters',

Explain why you selected these items as motor starters.

t.)
0 -1
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MOTORS AND CONTROLLERS
UNIT VII

ASSIGNMENT SHEET #5 - ANSWER QUESTIONS ABOUT
USES OF CONTACTORS AND MOTOR STARTERS

NAME SCORE

An industrial electrician must be able to select a motor starter or contactor according to its
correct use. Contactors are used to make and break an electrical power circuit. Motor starters
are used to make and break a motor's power circuit.

Directions: Complete each of the following questions about motor starters and contactors
and their uses.

A. Which of the following lists contains contactor parts and which contains motor starter
parts? Write "contactor" or "motor starter" in the blank above the correct column.

1. 2.

Line terminals Line terminals
Load terminals Load terminals
Power contacts Coil
Coil Holding contacts
Holding contacts Power contacts
Overload contact
Reset button
Thermal overloads (heaters)

B. Name five uses of magnetic 4ontactors.

1.

2.

3.

4.

5.

C. List four uses of magnetic motor starters.

1.

2.

3.

4.

342
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ASSIGNMENT SHEET #5

D. State three reasons why a contactor cannot be used to control a motor.

1.

2.

5.
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mryrnRA ANn nnNTRni I FRS
UNIT VII

ANSWERS TO ASSIGNMENT SHEETS

ASSIGNMENT SHEET #1 Evaluated to the satisfaction of the instructor

ASSIGNMENT SHEET #2

A. 1. Check supply voltage.
2. Check motor wiring with ohmmeter.
3. Remove load from motor and try to start.
4. Move motor shaft by hand to check for end play and bearing tightness.

B. 1. Clean motor.
2. Adjust belt tension.
3. Check full load amperage.
4. Check for correct voltage.
5. Check for loose bearings.
6. Check for tight bearings.
7. Check pulley alignment.
8. Check for bent shaft.

C. 1. Replace out of balance pulley.
2. Remove pulley and check straightness of shaft.
3. Tighten motor accessories and mounting.
4. Align drive pulley and driven pulley.
5. Replace bearings.
6. Clean motor.
7. Check for out-of-round motor.

D. 1. Use recommended motor bearing oil
2. Put clean oil in reservoir.
3. Clean excessive grease build up.
4. Adjust belt.
5. Move shaft by hand to check end and side play.
6. Replace rough or worn bearing.
7. Remove pulley and check for bent shaft.
8. Align drive pulley with driven pulley.

ASSIGNMENT SHEET #3

A. 430-72
B. 1. Conductors that do not leave enclosure

2. Conductors supplied by transformer
C. No
D. Must be protected by raceway or enclosure
E. At time motor circuit is disconnected
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ANSWERS TO ASSIGNMENT SHEETS

F. A circuit designed for signaling and control of a motor start ,r
G. Conduit or raceway
H. A disconnecting means shall be located in sight from the controller location

ASSIGNMENT SHEET #4

A. Contactor
B. Motor starter
C. Contactor
D. Contactor
E. Motor starter
F. Contactor
G. Contactor
H. A, C, D, F, G; contactors do not have thermal overloads (heaters), reset button, or over-

load contacts
I. B, E; motor starters do have thermal overloads (heaters), reset button, or overload con-

tacts

ASSIGNMENT SHEET #5

A. 1. Motor starter
2. Contactor

B. 1. Lighting loads
2. Heaters
3. Transformers
4. Capacitors
5. Power circuits

C. 1. Starting motors
2. Reversing motors
3. Braking motors to stop
4. Controlling speed of motors

D. 1. Contactor does not provide running overload protection for motor
2. Contactor is not designed for high inrush current for motor starting
3. Contactor does not contain a set of overload contacts

MP'
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MOTORS AND CONTROLLERS
UNIT VII

JOB SHEET #1 - DISASSEMBLE, INSPECT, AND CLEAN A MOTOR

A. Equipment and materials needed

1. Split-phase motor

2. Screwdriver set

3. Combination wrench set

4. Center punch

5. Ball peen hammer

6. Soft-faced hammer

7. Small socket wrench set

8. Motor cleaning fluid

9. Clean shop towel

10. Compressed air

11. Eye protection

12. Lead markins material

13. Polishing cloth

14. Gear puller

15. Machine oil

B. Procedure

1. Put on eye protection.

2. Check to be sure that electrical power is disconnected and locked open.

3. Remove motor from equipment, if necessary, and mark leads.

4. Clean outer surface of motor.

3 4 f;
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JOB SHEET #1

5. Disconnect wires at motor terminals.

(NOTE: Label wire positions by number or color on motor terminals, or draw a
diagram.)

6. Remove motor pulley.

7. Mark end bells to keen them in their proper places (Figure 1).

a. Using center punch, place one mark on pulley end bell and two marks on
opposite end bell.

b. Mark housing in the same way.

FIGURE 1

8. Check motor for end play.

9. Remove bolts holding end bells. (Figure 2)

FIGURE 2

a6126"I'llo
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JOB SHEET #1

10. Polish shaft ends for easy removal.

11. Use softfaced hammer and punch to tap end bells loose (Figure 3).

FIGURE 3

12. Remove end bell that does not contain starting switch.

13. Remove rotor.

(NOTE: Observe position and number of thrust washers as you remove the rotor.)

14. Remove end bell containing starting switch.

(CAUTION: Do not attempt to remove stator.)

15. Clean motor with compressed air.

16. Check centrifugal mechanism and starting switch.

17. Clean outside of motor with special cleaning fluid.

18. Check stator coils, insulation, and coil supports.

19. Clean bearings, and make sure that wicking is in place and oiled.

(CAUTION: Do not clean ball bearings with compressed air.)

20. Reinstall end bell containing ,:carting switch.

21. Insert rotor, making sure that thrust washers are in place.

(NOTE: Place a drop of oil on bearing part of the shaft.)

34
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22. Reinstall second end bell.

23. Visually inspect rotor and stator alignment.

24. Check position of end bells to center punch marks.

25. Use soft-faced hammer to tap end bells into place. (Figure 4)

FIGURE 4

A

26. Insert end-bell holts; tighten.

27. Turn shaft by hand, and check for end play.

(NOTE: If shaft is tight, end bells may not be in proper alignment, or the wicking
may be between bearing and shaft.)

28. Connect temporary leads; test motor.

(NOTE: Show work to instructor for evaluation and comments.)

29. Clean work area; put equipment and materials in proper storage.

:3 4



e MOTORS AND CONTROLLERS
UNIT VII

JOB SHEET #2 IDENTIFY RUN, COMMON, AND START
TERMINALS ON A HERMETICALLY SEALED MOTOR

A. Equipment and materials needed

. 1. Ohmmeter with leads and test clips

2. Three hermetically sealed compressor units

3. Paper to sketch terminals and record ohm readings

4. Pen or pencil

B. Procedure

(NOTE: The terminals on most units are not identified.)

1. Clean terminals to ensure good connections.

2. Draw sketch of compressor unit electrical terminals as shown in Figure 1.

FIGURE 1

2

70 ?fl

?il -7..).-il 3
1

3. Test and record ohms between terminals 1 and 2.

1 to 2 = ohms

4. Test and record ohms between terminals 2 and 3.

2 to 3 = ohms

5. Test and record ohms between terminals 1 and 3.

1 to 3 = ohms

3 5 0

CIW375
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5. Analyzo readings and label sketch as in Figures 2-4.

FIGURE 2 FIGURE 3 FIGURE 4

2 2 C

/ \ / \
C-S RC Start Run

6f1 3f1 Middle Middle Winding Winding

et/c \
1 3

,..*f
Highest1 Highest 3

/\ --c
S R

(NOTE: The run winding has larger .:Are, so it has the lowest resistance [R is com-
mon to highest and lowest readings]. The start winding has smaller wire and
more terminals, so it has a higher reading [S is common to highest and middle
readings]. The combined resistance of run and start windings is measured
between R and S, so it gives the highest reading [C is common to middle and low-
est readings].)

7. Repeat steps 1 through 6 on at least two more compressor units.

(NOTE: Show your results to the Instructor.)

8. Clean work area; return equipment and materials to their proper places.

35/
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Alik MOTORS AND CONTROLLERSIP UNIT VII

JOB SHEET #3 - TEST CAPACITORS WITH AN OHMMETER

A. Equipment and materials needed

1. 1,000-ohm ohmmeter with leads

2. Six start or run capacitors with clean terminals

3. Bleeder resistor with attached leads, approximately 75 ohms

(NOTE: The TIF-CT-660 capacitor tester has proven to be a good, inexpensive tool
for these tests; however, ohmmeters may also be used.)

4. Eye protection

B. Procedure

1. Put on eye protection.

2. Apply bleeder resistor across capacitor terminals long enough to be sure that
capacitor is discharged.

3. Set ohmmeter on R x 1,000 range.

4. Set ohmmeter leads and zero instrument.

5. Test for ground on run capacitors.

a Connect one ohmmeter lead to case.

b. Touch other lead to capacitor terminal.

(NOTE: If indicator moves toward zero, capacitor is probably bad and
should be discarded. No movement of indicator indicates that unit is not
grounded.)

6. Test for open and charging ability.

a. Discharge capacitor completely.

b. Connect one lead to one capacitor terminal

(NOTE: Make a good connection.)

3 i 2
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JOB SHEET iu3

c. While watching ohmmeter, firmly contact other capacitor terminal with
second lead.

(NOTE: If the capacitor is good, the ohmmeter indicator will make a sud-
den move toward zero ohms, then stop and move less rapidly to the high
resistance end of scale as the capacitor takes a charge from the voltage
applied by the ohmmeter.)

d. Discharge capacitor and repeat test several times.

(NOTE: If capacitor is open, the ohmmeter indicator will not move. If
capacitor is shorted, the instrument will indicate zero or low resistance. If
this occurs, discard the unit.)

7. Repeat test procedure on each capacitor.

(NOTE: Destroy bad units to prevent their reinstallation. Show your work to the
instructor for evaluation and comments.)

8. Clean work area; return equipment and materials to their proper places.

3 3
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kinT^RS AND CONTROLLERS
UNIT VII

JOB SHEET #4- WIRE A THREEPHASE MOTOR FOR DUAL VOLTAGES

A. Equipment and materials needed

1. Dual-voltage motor

2. Pouch tools

3. Wire nuts

4. Wire markers

B. Procedure

1. Open motor lead connection box.

2. Separate leads.

3. Check motor name plate for low-voltage connections.

4. Hook up leads as shown on motor plate.

5. Label leads that would go to L1, L2, and L3.

6. Tell instructor the voltage you wired the motor for; have instructor inspect your
work.

7. Disconnect all leads.

8. Check motor name plate for high-voltage connections.

9. Hook up leads as shown on motor name plate.

10. Mark leads that would go to L1, L2, and L3.

(NOTE: Tell the instructor what voltage you set the motor up for, have instructor
inspect your work.)

11. Reverse the motor's rotation.

12. Have instructor evaluate your work.

13. Clean work area; return equipment and materials to their proper places.

354



CIW-381

MOTORS AND CONTROLLERS
UNIT VII

JOB SHEET #5 - PERFORM MAINTENANCE ON A MAGNETIC
MOTOR STARTER OR CONTACTOR

A. Equipment and materials needed

1. Contactor or motor starter

2. Screwdriver

3. Needle-nosed pliers

4. New magnetic coil

5. Wire brush

B. Procedure (Figure 1)

(NOTE: Figure 1 illustrates a manual contactor; however, contacts are the same on man-
ual and magnetic contactors and motor starters.)

FIGURE 1

Spring

Start/Stop
Buttons

Insulated Operating
Mechanism Enclosure

Saddle-Clamp
Terminals for
Power Input Circuit

Movable
Contacts

Insulated T-Frame (
1

i

Stationary
Contacts

Arc Chutes

Saddle-Clamp Terminals
for Power Output Circuit

Insulated Contactor
Main Frame

Courtesy of Square D Company.
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JOB SHEET #5

1. Remove screws holding insulated operating mechanism enclosure to insulated
contactor main frame.

2. Gently pull operating mechanism enclosure from main frame.

3. Locate moveable contacts; remove them from holder.

(NOTE: Take care not to allow the smal spring on top of the contact to jump out
and become lost.)

4. Replace movable contacts and springs. (Figure 2)

FIGURE 2

Armature

5. Disassemble armature and coil assembly. (Figure 3)

FIGURE 3

Magnetic Assembiy

Shading Coil

6. Clean armature with wire brush.

7. Check shading coil to see that it is secure.

8. Reassemble coil assembly.

IP
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SHEET #5

9. Replace coil assembly in contactor or motor starter.

10. Replace coil cover.

11. Tighten coil cover screws.

12. Hook coil wires to coil terminals.

(NOTE: Have instructor inspect contactor or motor starter.)

13. Clean work area; put away equipment and materials.

2t, I ...s
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UNIT VII

JOB SHEET #1 PRACTICAL TEST - DISASSEMBLE, INSPECT,
AND CLEAN A MOTOR

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed une Ir "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Locked out power.
3. Marked loads.
4. Cleaned motor.
5. Marked end bells.
6. Checked for end play.
7. Polished shaft ends.
8. Cleaned with air.
9. Replaced thrust washers.

10. Replaced end bell.
11. Tightened bolts.
12. Turned shaft by hand.
13. Checked motor.
14. Checked in/put away tools and materials.
15. Cleaned the work area.
16. Used proper tools correctly.
17. Performed steps in a timely manner (__hrs. _min _sec.)
18. Practiced safety rules throughout urcrledure.
19. Provided satisfactory responses Zo questions asked.

EVALUATOR'S COMMENTS:

YFS NO

(")I) 0 0
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JOB SHEET #1 PRACTICAL TFRT

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Cleaned motor

4 3 2 1

Reassembled correctly

4 3 2 1

Motor runs

4 3 2 1

Workmanship

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

'.) - ,1)0



MOTORS AND CONTROLLERS
UNIT VII

JOB SHEET #2 PRACTICAL TEST - IDENTIFY RUN, COMMON,
AND START TERMINALS ON A HERMETICALLY SEALED MOTOR

STUDENT'S NAME DATE

CIW-387

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Cleaned terminals.
3. Drew sketch of terminals.
4. Adjusted ohmmeter.
5. Ran test.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

3 60
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Motor 1 correct I.D.

4 3 2 1

Motor 2 correct I.D.

4 3 2 1

Motor 3 correct I.D.

4 3 2 1

Workmanship

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

;T3 8 1



MOTORS AND CONTROLLERS
UNIT VII

JOB SHEET #3 PRACTICAL TEST - TEST CAPACITORS WITH
AN OHMMETER

STUDENT'S NAME DATE

CIW-389

EVALUATOR'S NAME ATTEMPT NO

instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again)

The student: YES NO

1. Checked out proper tools and materials.
2. Put on eye protection.
3. Applied bleeder resistor.
4. Set meter correctly.
5. Zeroed meter.
6. Checked for ground.
7. Performed test.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner (_hrs _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

31-34,E1
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated ?t least a "4" for mastery to be demonstrated. (See performance
evaluation key below) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria: (NOTE: Student must rate 4.)

4

Capacitor 1
3 2 1

4

Capacitor 2
3 2 1

4

Capacitor 3
3 2 1

4

Capacitor 4
3 2 1

4

Capacitor 5
3 2 1

4

Capacitor 6
3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; E dditional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

3 R3
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MOTORS AND CONTROLLERS
UNIT VII

JOB SHEET #4 PRACTICAL TEST - WIRE A THREE-PHASE MOTOR
FOR DUAL VOLTAGES

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Checked nameplate.
3. Connected leads.
4. Reversed motor.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs. _min. _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS.

3134
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Proper high voltage con-
nection

3 2 1

4

Proper low voltage con-
nection

3 2 1

4 3 2 1

Workmanship

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

3 E 5
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UNIT VII

JOB SHEET #5 PRACTICAL TEST - PERFORM MAINTENANCE ON A
MAGNETIC MOTOR STARTER OR CONTACTOR

STUDENT'S NAME

EVALUATOR'S NAME

DATE

CIW-393

ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluati Dn.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Laid out parts in an orderly manner.
3. Removed contacts.
4. Replaced contacts properly.
5 Cleaned armature.
6. Checked shaded coil.
7. Reassembled unit.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner ( hrs. min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

3f 3E;
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Contacts operable

4 3 2 1

Armature clean

4 3 2 1

Unit operates

4 3 2 1

Workmanship

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Modeirvtely s lied Has performed job during training program; limited

additilna! training may be required.
2 Limitea skid Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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MOTORS AND CONTROLLERS
UNIT VII

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a. Three-phase circuit in which the windings 1. Arc chute
are connected in parallel (form the shape of
a V) 2. Armature

b. Ratio of active power to apparent power 3. Contactor

4. Deltac. Device used to make or break a motor's
power circuit

d. Partition between contacts to reduce elec-
trical arcing

e. Single turn of conducting material mounted
on the magnetic assembly face to produce
out-of-phase magnetic force

f Force that produces a rotating or twisting
action

g. Portion of coil assembly moved by magnet-
ism

h. Operated by a change in one electrical cir-
cuit to control advice in the same circuit or
another circuit; used in control circuits

L Device used to sense current draw in a cir-
cuit and open a control circuit when its rat-
ing is exceeded

i Three-phase circuit in which the windings
are connected in series (form a closed loop)

k. Motor capable of being wired to run at two
different voltages

I. Device used to make and break electrical
power circuit

___....m. Loss of one phaso of a three-phase system

3 h8

5. Dual voltage motor

6. Power factor

7. Relay

8. Shading coil

9. Single phasing

10. Starter

11. Thermal overloads

12. Torque

13. Wye
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TEST

2. Discuss the direct current motor theory of operation.

a.

b.

c.

3. Lht three types of DC motors.

a.

b.

c.

4. Discuss the single-phase motor theory of operation.

5. List five types of single-phase motors.

a.

b.

c.

d.

e.

6. Discuss three-phase motor theory of operation.

a.

b.

c.

3f D
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7. List three types of threephas1 motors.

a.

b.

c.

CIW-397

8. State the procedure for reversing a three-phase motor.

9. Select from the following list typical supply voltages for three-phase motors by placing
an "X" in the blanks preceding the correct answers.

a 360-volt three-phase delta

b 240-volt three-phase delta

c. 208-volt three-phase wye

d 240-volt three-phase wye

e. 480-volt three-phase wye

10. Identify schematic and terminal connections for delta and wye wound three-phase
motors.

a.

Schematic Connection

L1

L2

370

Terminal Connection

Li L2 I-3

6 6 6
0
e

e
e

e
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b.

C.

TEST

Schematic Connection

Terminal Connection

Li
Schematic Connection

T4

T6

3

Tg

T5

3 7i

2

L2

Terminal Connection

Li L2 L3

61

9



d.
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TEST

Schematic Connection

L1

L2

L3

Terminal Connection

11. Match motor problems on the right with their typical symptoms.

(NOTE: Blanks should contain more than one answer.)

a. Failure to start

b. Excessive noise

c. Overheated bearings

d. Overheated motor

3 /2

1. Obstruction of venti-
lating system

2. Lack of oil

3. Unbalanced parts

4. Overloading

5. Dirty oil

6. Bent shaft

7. Incorrect voltage

8. Excessive end thrust

9. Faulty alignment

10. High ambient temper-
ature

11. Excessive greaser oil

12. Worn hP.arinnc

13. Blown fuse

14. Open overload

15. Excessive load
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TEST

12. Match remedies on the right with the correct symptoms of motor problems.

a. Failure to start

b. Excessive noise

c. Overheated bearings

d. Overheated motor

1. Clean motor

2. Put clean oil in reser-
voir

3. Replace bearings

4. Adjust bolt tension

5. Check for correct volt-
age

6. Check supply voltage

7. Check full load amps

6. Check motor wiring
with ohmmeter

13. Complete the following list of safety rules to observe when working around motors by
inserting the word which best completes each rule.

a. Do not underestimate the of the circuit.

b. Never install equipment that will the circuit.

c. Never bypass devices.

d. Protect all from physical and thermal hazards.

e. and electrical disconnects when working on
motors or motor circuits.

f. all electric motor frames.

14. Name two types of contactors.

a.

b.

3 73
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CIW-401

15. Identify the parts of the manual contactor illustrated below.

a.

t h. .retiT

16. Select from the following list electrical devices or circuits controlled by contactors by
placing an "X" in the blanks preceding the correct answers.

a Starting buttons

b Lighting loads

c. Heaters

d Transformers

e. Overload contacts

f Capacitors

g Power circuits

374



17. Name two types of motor starters.

a.

b.

TEST

18. Identify two types of magnetic motor starters.

a.

b.

CUTLER HAMMER
MOW° U.S

C

NEMA SIZE 1

rao. ..) MIL az' . _ [:e1r

,

C: 61
.11 I _141A101,1. 141:':. 4

air

3 Y
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19. List three uses of magnetic motor starters.

a.

b.

c.

CIW-403

20. Compare parts in magnetic contactors with parts in magnetic motor starters.

Motor
Parts Contactors Starters

Overload contact

Line terminals

Reset button

Power contacts

Thermal overlr A (heater)

Load terminals

Coil

Holding contacts

21. Complete the following statements concerning reasons a contactor cannot be used to
control a motor by inserting the word that best completes each statement.

a. Contactor does not provide running for motor.

b. Contactor is not designed for
for motor , 'arting.

c. Contactor does not contain a set of

22. State the purposes of a coil assembly.

a.

b.

3 7 E3



404

TEST

23. Identify parts of the coil assembly illustrated below.

a

0 0

0
0

e 0

.

0

c.

(NOTE: If the following activities have not been accomplished prior to the te3t, ask your
instructor when they should be completed.)

24. Interpret nameplate information. (Assignment Sheet #1)

25. Describe remedies for common motor problems. (Assignment Sheet #2)

26. Use the National Electrical Code to answer questions about motor control circuits.
(Assignment Sheet #3)

27. Distinguish between motor starters and contactors. (Assignment Sheet #4)

3 / 'I
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TEST

28. Answer questions about uses of contactors and !notor starters. (Assignment Sheet #5)

29. Demon:trate the ability to:

a. Disassemble, inspect, and clean a motor. (Job Sheet #1)

b. Identify run, common, and start terminals on a hermetically sealed motor. (Job
Sheet #2)

c. Test capacitors with an ohmmeter. (Job Sheet #3)

d. Wire a three-phase motor for dual voltages. (Job Sheet #4)

e. Perform maintenance on a magnetic motor starter or contactor. (Job Sheet #5)

372,



1.

2.

3.

a. 13

b. 6
c. 10

d. 1

MOTORS AND CONTROLLERS
UNIT VII

ANSWERS TO TEST

e. 8 i. 11

f. 12 j. 4
g. 2 k. 5
h. 7 I. 3

m. 9

a. Magnetic field is produced at face of stationary poles
b. Magnetic field produced in armature windings
c. Fields repel each other

a. Shunt
b. Series
c. Compound

4. a. Operates on single wave form
b. NC current produces a varying magnetic field

5. a. Shaded pole
b. Split phase
c. Capacitor
d. Induction repulsion
e. Series

6. a. Current in stator produces a rotating magnetic field
b. Currents in rotor create a magnetic field
c. The rotor turns, seeking an opposite pole

7. a. Squirrel cage
b. Wound rotor
c. Synchronous

8. Reverse any two leads

9. c, e

37
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ANSWERS TO TEST

10. a. Delta-wound 9-lead high voltage
b. Delta-wound 9-lead low voltage
c. Wye-wound 9-lead high voltage
d. Wye-wound 9-lead low voltage

11. a. 13, 14, 15
b. 3, 12, 9, 12
c. 2, 5, 8, 11
d. 1, 4, 7, 10

12. a. 6, 8
b. 3, 1
c. 2, 4
d. 1, 5, 4, 7

13. a. Danger
b. Overload
c. Protective
d. Wires
e. Tag, look

14. a. Manual
b. Magnetic

15. a. Start/stop button
b. Insulated operating mechanism enclosure
c. Saddle clamp terminal for power input
Li. Insulated T-frame assembly
e. Moveable contacts
f. Spring
g. Stationary contact
h. Arch chutes
i. Insulated contactor main frame
j. Saddle clamp terminals for power output

16. b, c, d, f, g

17. a. Manual
b. Magnetic



CIW-409

ANSWERS TO TEST

18. a. Reversing
b. Starting

19. Any three of the following:

a. Starting motors
b. Reversing motors
c. Braking motors to stop
d. Controlling speed of motors

20. Contactors Starters
No Yes
Yes Yes
No Yes
Yes Yes
No Yes
Yes Yes
Yes Yes
Yes Yes

21. a. Overload protection
b. High inrush current
c. Overload contacts

22. a. Changes el3ctrical signal to magnetic signal
b. Activates mechanical portion of motor starter

23. a. Laminations
b. Rivets
c. Magnetic coil
d. Armature
e. Air gap
f. Magnetic assembly
9. Shading coil

24.-28. Evaluated to the satisfaction of the instructor

29. Performance skills evaluated to the satisfaction of the instructor
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ELECTRICAL DIAGRAMS AND SYMBOLS
UNIT VIII

UNIT OBJECTIVE

Arter completion of this unit, the student should be able to draw and interpretelectrical con-
trol diagrams. Competencies will be demonstrated by completing the assignment sheets and
the unit test with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to electrical diagrams with their correct definitions.

2. Complete a list of characteristics of wiring diagrams.

3. Select true statements concerning characteristics of ladder diagrams.

4. State the characteristics of one-line diagrams.

5. Identify wiring and ladder diagram symbols.

6. Arrange in order major steps in constructing a ladder diagram.

7. Construct a basic ladder diagram. (Assignment Sheet #1)

8. Identify electrical symbols in a wiring diagram. (Assignment Sheet #2)

382
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ELECTRICAL DIAGRAMS AND SYMBOLS
UNIT VIII

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information and assignment sheets.

E. Discuss information and assignment sheets.

F. Integrate the following activities throughout the teaching of this unit:

1. Provide students with examples of wiring and ladder diagrams.

2. Have students evaluate sequence of operation of various ladder diagrams.

3. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

G. Give test.

H. Evaluate test.

I. Reteach if necessary.

REFERENCES USED IN WRITING THIS UNIT

A. Rockis, Gary and Glen Mazur. Electrical Motor Controls. Alsip, IL: American Technical
Publishers, 1982.

B. Teague, Cash and Garner Pewewardy. Industrial Electricity: In-Plant Distribution. Still-
water, OK: Oklahoma Curriculum and Instructional Materials Center, 1984.

33 R 2



PI PCT!1!C AL NA(IP.ANIS AND SYMVLS
UNIT VIII

INFORMATION SHEET

i. Terms and definitions

A. Across-the-line Method of starting an electric motor by connecting it
directly to supply line

B. Automatic starting Pertaining to self-acting starter completely con-
trolled by pilot switches or some other sensing device

C. Auxiliary contact Contact provided in addition to the main circuit con-
tacts but operated with the main contacts

(NOTE: Auxiliary contacts are mechanically operated by the coil of the
starter or contactor.)

D. Bimetal Two different metals bonded to provide fast heat transfer to trip
contacts by mechanical deflection

(NOTE: Bimetals are frequently used in thermal overload relays.)

E. Contactor Devine without overload protection; repeatedly establishes
and interrupts an t.,iectric power circuit

Full voltage control Function of magnetic control that connects equip-
ment directly to supply line on starting

G. Jogging (inching) Momentarily operating; moving driven machine a small
distance

H. Ladder diagram (line diagram) Schematic consisting of symbols and
lines that indicate power source and how current slows through various
parts of a control circuit

(NOTE: Ladder diagrams depict control logic.)

I. Magnetic contactor Contactor operated electromechanically

J. Multispeed starter Starter designed to start motor at a reduced speed
and built to full speed in preset steps

K. One-line diagram Schematic consisting of single-phase and three-phase
power lines; indicates power distribution and fuse and interrupter coordina-
tion

394
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INFORMATION SHEET

L. Overload relay Device for protecting motor from overload current or volt-
age

(NOTE: An overload relay does not necessarily protect against short circuit,
but does cause and maintain interruption from power supply until reset.)

M. Push button Switch, manually operable plunger, button, or actuating
device

N. Relay Electromechanical device operated by a coil; uses contacts to
make or break circuits

0. Remote control Device that controls electrical apparatus from some dis-
tance

R Selector switch Manually operated multiposition switch

(NOTE: The selector switch is also palled a multiple-contact switch.)

0. Starter Control device with electric contactor and overload protection;
designed to protect motor from voltage inrush during starting

R. Timer Pilot device that delays closing or opening of a circuit for a spe-
cific time; may be motor driven, solenoid-actuated, or electric

S. Wiring diagram Schematic consisting of symbols and lines that indicate
all connections and placement of all component parts in a device or circuit,
including the power circuit wiring

35



INFORMATION SHEET

II. Characteristics of wiring diagrams

A. Show components in their approximate locations

B. Provide guide for field wiring

C. Use standard symbology

D. Show power and control lines together

E. Make circuits difficult to trace

Master
Start=1

1

5

c

aster
Sto?

oCRo
17

CIW-417

Extra
Auxiliary
Contact ' LlStart

Stop

Start

i
1

___J
Stop

L1

Rear

.1

3

0

cob

Pressure
Switch

1

M2

3R f;

Extra
Auxiliary
Contact
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INFORMATION SHEET

Ill. Characteristics of ladder diagrams

A. Resemble a ladder

B. Show individual circuits as ladder rungs

C. Use standard electrical symbols

D. Separate power and control lines

E. Simplify circuit troubleshooting

Master Master
Stop i Start

CR

PS CR 01-1

,frr
OL2Stop I Start

5

Stop

7

I

M2 OL3Start
0 (7,10)

3

.frr

L2

(2)

(8)

',5,9)

M3

03
OL4

9
I

M2
10

Auxiliary
Contacts

(NOTE: The electrical industry is rapidly changing over to ladder diagrams;
however it is important that the electrical technician is able to read and
interpret all types of diagrams.)



INFORMATION SHEET

IV. Characteristics of oneline diagrams

A. Show location of transformers

B. Show location of overcurrent devices

C. Indicate overcurrent device sizes

D. Indicate sizes of loads

E. Indicate characteristics of loads

Fuse
Greater

Than
600 Amps

Motor Starter
and Overload

Relays

Large
Motor

Feeder Feeder
With No with All

Motor Load Motor Load

0
Noncontinuous

Loads

Continuous Loads
Lighting
Heating

r-Z Zr C., )tr e s, )

8

I

Feeder with
Combination

Motor and
Nonmotor Load

7J
Continuous

Loads

CIW-419
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A11
01-Ll
e1111WrliViii I19/TMC

1

V. Wiring and ladder diagram symbols

A. Thermal overload relay

OL

C. Timed contacts
Energized Deenergized

NOTC IICTO NOTO NCTC

oho

On Delay

OHO OV

Off Delay

B. Time delay relay coil

D. Standard resistor

............ --fRF

E. Plugging switch F. Limit switch (normally open)

0 0

6
G. Limit switch (normally closed) H. Limit switch (held open)

01111rtr

I. Limit switch (held closed) J. Two wire pilot device

0114441--

K. Momentary contact

N.O.
O o

ca.
N.O. and N.C. Ca

N C al_o o o 0 1 0

Single Double Mushroom Wobble
Circuit Circuit Head Stick



iNFORMATION SHEET

L. Maintained contact

...i_ .1.,.
6-1-6

0 1 0

,---'
0 0

c ,L... -/s , 1
Two One 4

Single Circuit Double Circuit

0 0

Illuminated

M. Liquid level switch N. Pressure and vacuum switches

crE
N.O. N.C.

0. Foot switches

N.O.
o--aa

N.C.

N.O.

R Flow switch

N.O.

Q. Temperature actuated switch R. Switches

S.

N.O.

N.C.

N.C.

0 0

Single Double Single
Break Break

SPST N.O.

CIW-421

Double
Break Break

SPST N.C.

Pilot lights
0

0-0
0 0

(NOTE: Indicate color by letter.) Single Double
Break Break

Non Push-to-test

0
Push-to-test

SPDT
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INFORMATION SHEET

VI. Major steps in constructing ladder diagrams

A. Establish and label power lines

L1

B. Identify and label loads

C. Identify and label control devices and contacts for each circuit (rung)

Start
Stop

o

M1

-RE--
M1

39



CIW-423

INFORMATION SHEET

D. Connect circuit wires, keeping ladder rungs equidistant for ease of reading

Start
Stop OL

OL

N

E. Number rungs, and cross reference

(NOTE: This step is extremely important especialiy in more complex dia-
grams containing many rungs.)

3 Q C-.)% . ,

(3,4)
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ELECTRICAL DIAGRAMS AND SYMBOLS
UNIT VIII

ASSIGNMENT SHEET #1 - CONSTRUCT A BASIC LADDER DIAGRAM

NAME SCORE

The electrical technician must be able to draw and read ladder diagrams to facilitate trouble-
shooting procedures.

Directions: In the space provided below, draw, label, and reference a ladder diagram with the
following components: 120 VAG fused power supply, three loads, two singlepole single-throw
(SPST) switches, and one control relay with a line voltage coil. Each load is to be a parallel cir-
cuit. Control two loads with the relay, one load with an SPST switch, and the relay coil with an
SPST switch.

393
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ELECTRICAL DIAGRAMS AND SYMBOLS
UNIT VIII

ASSIGNMENT SHEET #2 - IDENTIFY ELECTRICAL SYMBOLS
IN A WIRING DIAGRAM

NAME SCORE

The electrical technician mi.:ot be able to identify electrical symbols in a wiring diagram in
order to recognize all sumponent parts in a device or circuit.

Directions: Identify the electrical symb6s used !n the wiring diagram illustrated below. Write
the answers in the blanks.

Line and control wiring terminal
Normally closed push button (stop)
Threphase motor
Overload device switch
Normally open push button (start)

A.

B.

C.

D.

E.

T2 motor lead tem...nal
Auxiliary contact
Thermal overload relay
Main contact

t L1

L

F.

G.

H.



ELECTRICAL DIAGRAMS AND SYMBOLS
UNIT VIII

ANSWERS TO ASSIGNMENT SHEETS

L1

S

I

Assignment Sheet #1

1

3

4

Assignment Sheet #2

N

R1

A. Normally open push button (start)
B. Normally closed push button (stop)
C. Thermal overload relay
D. Auxilary contact
E. Line and control wiring terminal
F. Main contact
G. T2 motor lead terminal
H. Three-phase motor
I. Overload device switch

3 95

CIW-429



CIW-431

ELECTRICAL DIAGRAMS AND SYMBOLS
UNIT VIII

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions. Definitions are continued on
the next page.

a. Pilot device that delays closing or opening 1. Across-the-line
of a circuit for a specific time; may be motor
driven, solenoidactuated, or electric 2. Automatic starting

b. Control device with electric contactor and 3. Auxiliary contact
overload protection; designed to protect
motor from voltage inrush during starting 4. Bimetal

c Manually operated multiposition switch 5. Contactor

d. Contactor operated electromechanically 6. Full voltage control

e. Momentary operating; moving driven 7 Jogging

machine a small distance 8. Ladder diagram

f Device that controls electrical apparatus 9. Magnetic contactor
from some distance

10. Multispeed starter
g. Switch, manually operable plunger, button,

or actuating device 11. One-line diagram

h Function of magnetic control that connects 12. Overload relay
equipment directly to line supply on starting

13. Push button
i Electromechanical device operated by a

coil; uses contacts to make or break circuits 14. Relay

Device for protecting motor from overload 15. Remote control
current or voltage

16. Selector switch
k Starter designed to start motor at a reduced

speed and built to full speed in preset steps 17. Starter

_I Device without overload protection; repeat- 18. Timer

edly establishes and interrupts an electric
power circuit 19. Wiring diagram

m. Two different metals bonded to provide fast
heat transfer to trip contacts by mechanical
deflection

396,
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TEST

..._ n. Schematic consisting of symbols and lines
that indicate all connections and placement
of all component parts in a device or circuit,
including the power circuit wiring

o Schematic consisting of single-phase and
three-phase power lines; indicates power
distribution and fuse and interrupter coordi-
nation

p Contact provided in addition to the : ain cir-
cuit contacts but operated with ti a main
contacts

q. Method of starting an electric motor by con-
necting it directly to supply line

r. Pertaining to self-acting starter completely
controlled by pilot switches or some other
sensing device

s Schematic consisting of symbols and lines
that indicate power source and how current
flows through various parts of a control cir-
cuit

2. Complete tha following list of characteristics of wiring diagrams by inserting the wordwhich best completes each statement.

a. Show components in their locations.

b. Provide for field wiring.

c. Use electrical

d. Show and

e. Make circuits difficult to

lines together.

3. Select true statements concerning characteristics of ladder diagrams by placing an "X"in the blanks preceding the true statements.

a. Resemble a ladder

b Depict individual circuits as ladder rungs

c. Use mechanical symbols

_ d. Show power control voltages together

e Simplify circuit troubleshooting
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4. State the characteriCics of one line diagrams.

a.

b.

c.

d.

e.

CIW -433

5. Identify wiring and !adder diagram symbols shown below.

a.

N.O.

N.C.

c. d.

e.

9.

N.O. N.C.

N.O.
0 0

NC cap

al0.0 I,0 .I
Two One

h.

3 93
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i.

TEST

N.O. N.C.

N.O. LI LI L.-.1
N.C.

k. I.

N.O. N.C.

m.

0 o

6. Arrange in order the major steps in constructing a ladder diagram. Number the blanks
in the appropriate sequence.

a Identify and label loads.

b Connect circuit wires, keeping ladder rungs equidistant for ease of read-
ing.

c Establish and label power lines.

d Identify and label control devices and contacts for each circuit (rung).

e Number rungs, and cross reference.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

7. Construct a basic ladder diagram. (Assignment Sheet #1)

8. Identify electrical symbols in a wiring diagram. (Assignment Sheet #2)



2. a.
b.
c.
d.
0.

3. a, b, e

4. a.
b.
c.
d.
e.

5. a.
b.
c.
d.
e.
f.

9.

6. a.

b.
c.
d.
e.

ELECTRICAL DiAGRArviS AND TaviBOLS
UNIT VIII

Approximate
Guide
Symbols
Power, control
Trace

ANSWERS TO TEST

15

13
6
14
12

k.
I.

m.
n.

o.

Show location of transformers
Show location of overcurrent devices
indicate overcurrent device sizes
Indicate sizes of loads
Indicate characteristics of loads

Limit switch (normally open)
Standard resistor
Foot swit..(1
Pilot lights
Pressure and vacuum switch
Time delay 'alay coil
Momentary contact

2
4
1

3
5

10
5
4
19
11

7.-8. Evaluated to the satisfaction of the instructor

4 0 i..)

P.
q.
r.

s.

3
1

2
8

h. Maintained contact
i. Liquid level switch
j. Thermal overload relay
k. Flow switch
I. Two wire pilot device
m. Temperature actuated switch
n. Plugging switch

CIW-435
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TWO AND THREE WIRE CONTROLS
UNIT IX

UNIT OBJECTIVE

After completion of this unit, the student should be able to interpret wiring and ladder dia-
grams related to two-wire and three-wire controls as well as wire these systems. Competen-
cies will be demonstrated by completing the assignment sheets, job sheets, and the unit tests
with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to two and three wire controls with their correct definitions.

2. Identify typical two-wire pilot devices.

3. List two advantages of two-wire controls.

4. State the basic rule for three-wire controls.

5. List two advantages of three-wire controls.

6. Describe the operation of a two-wire control system.

7. Describe the operation of a three-wire control system.

8. Complete a ladder and a wiring diagram of a two-wire control using a thermal
switch. (Assignment Sheet #1)

9. Draw a ladder diagram of . three-wire control with an "on" indicating pilot light.
(Assignment Sheet #2)

10. Draw a ladder and a wiring diagram of a three-wire control with an "off" indicating
pilot light. (Assignment Sheet #3)
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OBJECTIVE SHEET

11. Determine the number and size of conductors needed to operate a two-wire con-
trol system. (Assignment Sheet #4)

12. Determine the number and size of conductors needed to operate a three-wire con-
trol system. (Assignment Sheet #5)

13. Demonstrate the ability to:

a. Wire a two-wire control. (Job Sheet #1)

b. Wire two float switches to operate a starter (series connection). (Job Sheet
#2)

c. Wire two float switches to operate a starter (parallel connections). (Job
Sheet #3)

d. Wire a pressure switch to operate a staler with "on" tc'd "off" pilot lights.
(Job Sheet #4)

e. Wire a three-wire control system. (Job Sheet #5)

f. Wire a multiple station three-wire control. (Job Sheet #6)

g. Wire a multiple station three-wire control with "on" and "off" pilot lights.
(Job Sheet #7)
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TWO AND THREE WIRE CONTROLS
UNIT IX

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information and assignment sheets.

E. Discuss information and assignment sheets.

F. Provide students with job sheets.

G. Discuss and demonstrate the procedures outlined in the job sheets.

H. Integrate the following activities throughout the teaching of this unit:

1. Tour an industrial facility utilizing two-wire and three-wire controls.

2. Show students various two-wire pilot devices.

3. Invite an industrial maintenance technician to speak to the class.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.
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REFERENCES USED IN WRITING THIS UNIT

A. Alerich, Walter M.. Electric Motor Control. Third Edition. Albany, NY: Delmar Publishers,
Inc., 1983.

B. National Electrical Code, 1987. Quincy, MA: National Fire Protection Association, 1986.

C. Overcurrent Protection and the 1987 NEC. St. Louis, MO: Bussmann, Cooper Industries,
Inc. Bulletin NE-87.

SUGGESTED SUPPLEMENTA'.. MATERIAL

Texts

A. Square D Digest, 1987.

B. Industrial Control Catalog. Cutler Hammer, Milwaukee, WI, 1987.

4 0,4
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TWO AND THREE WIRE CONTROLS
UNIT IX

HANDOUT #1 - MOTOR CONTROLS

(NOTE Please retain this handout. It will be used in ail units dealing with motor controls.)

Table 430-148 Full-Load Currents In Amperes Single-Phase Alternating-Current Motors

Table 430-150 Full-Load Current Three-Phase Alternating-Current Motors

Article 430-22 Single Motor (Motor Circuit Conductors)

Article 430-32 Continuous-Duty Motors (Motor Overload Protection)

(NOTE: With starters and overload relays, the proper heater element is selected from the man-
ufacturer's tables based on the motor full-load current rating. The NEMA size of the starter
must be known in order to select the proper part number.)

Article 430-52 Rating or Setting of Individual Motor Circuits (Motor Branch Circuit Protec-
tion)

Table 310-16 Ampacities of Not More Than Three Single Insulated Conductors, In Raceway
In Free Air

Table 3A&3B Chapter 9 Maximum Number of Conductors In Trade Sizes of Conduit or Tub-
ing

Table 4 Chapter 9 Dimensions and Percent Area of Conduit and of Tubing

Table 5 Chapter 9 Dimensions of Rubber-Covered and Thermoplastic-Covered Conductors

4 0 5
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430-32. Motor Overload Protection

430-32. Continuous-Duty Motors.

(a) More than 1 Horsepower. Each continuous-duty motor rated
more than 1 horsepower shall be protected ag, inst overload by one
of the following means.

(1) A separate overload device that is responsive to motor current
This device shall be selected to trip or rated at no more than the
following percent of the motor nameplate full-load current rating

Motors with a marked service factor not less than
1 15 - . 125%

Motors with a marked temperatuie rise not over
40°C . 125%

All other motors . . . 115%

Modification of this value shall be permitted as provided in Section
430-34

For a multispeed motor, each winding connection shall be consid-
ered separately.

Where a separate motor overload device is so connected that II
does not carry the total current designated on the motor nameplate,
such as for wye-delta starling, the proper percentage of nameplate
current applying to the selection or setting or the overload device
shall be clearly designated on r'he equipment or the manufacturers
selection table shall take Ils into account

(2) A thermal protector ,ntegral with the motor, appfcved for use
with the motor it protects on the basis that d will prevent dangerous
overheating of the motor due to overload and failure to start The
ultimate trip current of a tnermally protected motor shall not exceed
the following percentage: of motor full-load current given in Tables
430.148 430-149. and 330-150

Motor lull load current not exceeding 9 amperes 170%
Motor full-load current 91 to and including 20

amperes 156%
Motor lull load current greater than 20 amperes 140%

II the motor current interrupting device is separate from the motor
and its control circuit is operated by a protective device integral with
the motor it shall be so arranged that the opening of the control
circuit will result in interruption of current to the motor

1ss What are the typical ways of providing motor running protection
external to the motor?
Generally, motor starters with overload relays and/or dualelement
fuses are used to prc ode motor running protection

LOW-PEAK
Dual-Omani
Fuse

158 Typically, how are the devices selected for protection of mo-
tors?
With starters and overload relays, the proper heater element is
selected from manufacturers' tables Lased on the motor lull-load
current rating The level of protection by this selection process com-
plies with Article 430

When employing dual - element fuses for motorrunning, overload
protection. the rating of the fuse should be as follows

1 Size at 125%
or L.a. of motor
fulHoad amps

LowpEAK
Or
FUSETRON
Dual - Element
Fuse

S.F. 1.15 or higher
or
temp. ilea 40T.
or loss

fSlut a1115%
or lass of motor
full-load amps

S.F. loss than 1.15
or
temp. des over 40T.

1ST Do fuses sized as above also provide branch - circuit protection
requirements?
Yes, they do Sizing FUSETRON and LOW-PEAK Dual Element fuses
for motor-running, overload protection also provides the necessary
short-circuit protection per 430.52 The use of these dual-element
fuses permits close sizing. Thus. fuse case sizes often can be
smaller, thereby permitting the use of smaller switches

tee Can circuit breakers and fuses other than dual-element fuses be
used to give motor overload protection?
Not generally The conventional circuit breakers usually must be
sized at 250% of the motor full-load amperes to avoid tripping on
motor starting current, and thus cannot provide overload protenon
Instantaneous only circuit breakers or motor short-circuit protectors
are only equipped with a short-circuit tripping element and therefore
are incapable of providing overload protection For motor applica-
tions. the non-time delay fuses such as the LIMITRON KTS-R fuses
normally have to be sized at 300% of a motor full-load current rating
to avoid opening on motor start up and therefore, do not provide
overload protection

FcotnoteAbnonnal Molex Operation The aCCOcaton 01 motors under cotton abnormal
ccoilbn9 iconcltlOns Often figures the use 01 Lanier sae !uses than would normstly be
faltered The use of °venial fuses limes prolectton to short-orcut or branch mast pe Mc.
ton only TM types of abnomal motor installabons Met may be obountered include the
lollo,nno (a) Fuse in Kph strident temperature loCaban (b) Mantles IsTloCI tot rdostlei
letter (or possibly no code letter) with KO voltage start (c) Motors *wog fish mama of
motors Much must be frequently cycled off-and-on Typscal With loads' bads are rnachess
such as poses proms berm lafge mass flywheels or machetes such as csnlnksal Wisc.
tors and wivenzers 0 lupe two witch cannot be bought up 10 Spied quoddy (d)
Amory motors with fish "'rush currents

NoteFuestran. Urnitron. Low-Peek. Ift.CAP. and T4ron ere registered trademarks of
Oussrnenn, Cooper Industres. Inc.

4



430-52. Motor Branch Circuit Protection

430-52. Rating or Setting for Individual Motor Circuit. The motor
branch-circuit snort-circuit and ground-fault protective devici. shall
be capable of carrying the starting current of the motor A protective
device having a rating or setting not exceeding the value calculated
according to 'he values given in Table 430-152 shall be used

(FPN): See Section 240 6 for standard ratings of fuses and circuit
breakers

An instantaneo,rs trip circuit breaker shall be used only if adjust
able. and if part cf a combination controller having motor overload
and also short circuit and ground-fault protection in each conductor
A motor shortorcuit protector shall be permitted in lieu of devices
listed in Table 430-15211 the motor short-circuit protector is part of a
combination controller having both motor overload protection and
short-circuit and ground-fault protection in each conductor and if it
will operate at not more than 1300 percent of full load motor current
An instantaneous trip circuit breaker or motor short circuit protector
shall be used only as part of a combination motor controller which
provides coordinated motor branch-circuit overload and short-
circuit and ground-fault protection

Where maximum branch-circuit short-circuit and ground fault pro
tective device ratings are shown in the manufacturer s overload
relay table for use with a motor controller or are otherwise marked on
the equipment, they shall not be exceeded even if higher values are
allowed as shown above

Suitable fuses shall be permitted in lieu of devices listed in Table
430-152 for an adjustable spited drive system provided that the
marking for replacement fuses is provided adjacent to the fuses

Isa What Is the basic content of this Section?
This Section deals with the protection of motor branch circuits
against short-circuit damage It established the maximum permissi-
ble settings for overcurrent protective devices (Branch Circuits
include all of the circuit componentswire, switches, motor starters
etc ) As is apparent in Code Table 430-152, maximum settings vary
with different types of motors, each type having unique starting char-
acteristics Motors to which the maximum permissible settings or
ratings apply (shown in the condensed Table below) include all
types of single phase, three-phase squirrel cage and three phase
synchronous motors with full- voltage starting

These maximum values do not preclude the application of lower
sizes Also. compliance with Sections 110-10 must be analyzed
Motor starters have relatively low short-circuit current withstands
Refer to Buss Bulletins SPD Y, MPB for specific fuse recommenda-
tions

Maximum Rating or Setting Of Protective DevIceet

should not exceed 5000 amperes since the circuit breaker is not
current limiting

1411n the cis cult below using a Buss FUSETRON dual-element,
*med.'s) fuse, can available short-circuit current exceed 5000
amperes?

SIZE 1 STAIITER

2/3V I
30 1

FUSETRON DUALELEMENT FUSE
Mex. slze: 175% x 22 = 40A

71/2 HP
(22A)

CIW-443

Yes. because the FUSETRON fuse is "current limiting," good short-
circuit protection is provided even though available short-circutt cur-
rent greatly exceeds 5000 amperes (Specifically, the FUSETRON
fuse would give protection against fault currents in excess of 70000
amperes) It is also significant to note that because the FUSETRON
fuse is a time-delay fuse, it actually could be sized at 125% of full-
load current (or 25 amperes) with the advantage of permitting the
use of a smaller disconnect switch and providing backup overload
protection and even better short-circuit protection Notethe Buss
RK1 Low-Peak fuse will provide shod-circuit protection superior to
that of the FUSETRON fuse

162 The second to last paragraph of Code Section 430-52 states
"Where maximum branchcIrcult short-circuit and groundfault
protective device ratings are shown In the manufacturer's over-
load relay table for use with a motor controller or are otherwise
marked on the equipment, they shall not be exceeded even if
higher values are allowed as shown above." Why Is this require-
ment necessary?

HEATER
(Provides motor running
overload protection)

FUSE
(Must not be larger than mfg's recommendation;
see typical table)

_J

TYPICAL EXAMPLE: The chart shown below is typical for starter
manufacturers and may be found on the inside of the door of the
starter enclosure (See starter manufacturer for specific recommen-
dations )

Fuse Circuit Breaker' Heater Full Load Current
Cod* of Motor (Ampere,.)
marking (40.0 Amblemt)

Max.
FuseMon-TIms-Detay DualElement Instantaneous Inverse

Time -Delay Type Only Time Type
300% 175% 700% 250% XX03 25- 27

XXO4 28. 31
XXO5 32- 34
XX06 35- 38

1

3

3
3

Mee Mete 430, Sect= 430-52,
For latest intonmabon, cheek
Standard H50d 1O damage

160 What about starter
ponent protection?

Short-circuit current
should not exceed
5000 amperes

Exceptions I thru 3
manufacturer s data ando, undenvntees Latoratones L

and wareng label requeements

withstandability anti Section 110-10 on com-

SIZE 1 STARTER 71/2 PIP
(22A)

76- 83
XX15 84- 91
XX16 92.1 00
XX17 1 01.1 11
XX18 1 12.1 22

6
6
6

6
6\

CIRCUIT BREAKER

Above Heaters tor use on Sae 0

Under short-circuit conditions the branch circuit protective device
must protect the circuit components from extensive damage There
fore, the following factors should be analysed available short
circuit current let-thru characteristics of the overcurrent protective
device, and starter vvithstandability

As an Example, a Size 1 Starter has been tested by U L with 5000
ampere minimum available short circuit current per U L Standard
508 Thus, in the example above, the available short - Circuit currents

The overload relay heater elements of a motor controller often have a
relatively low short-circuit current withstand rating The maximum
ratings of protective devices given in Table 430-152 thus do not
necessarily apply being too large to provide adequate protection
Consequently the starter manufacturer includes an overload relay
table within the starter enclosure This table slates the maximum
fuse size ratings to be used which will adequately protect the over-
load relay heaters as determined by U L Inc The protective device
used in such cases must be a fuse
Not. Fusetron. umitron. Low-Peak. HI-CAP. and TTron are registered trademarks of
Busemenn. Cooper Industries. Inc.

40,
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430-52. Motor Branch Circuit Protection 430-53. Several Motors or
Loads on One Branch Circuit

163 When protective devices 01 low amperage rotings (1 amp, 3 amp,
...) are used to protect the overload relays In controllers for very
small motors, what type device must be used?
Section 240-6 has an exception listing additional standard fuse
ampere ratings of 1. 3, 6, and 10 amperes These additional fuse
ratings apply only to fuses The lower ratings were added to provide
more effective protection for circuits with small motors in accor-
dance with Sections 430.52 and 430-40 and U L requirements for
protecting the overload relays in controllers for very sma" motors
Fuse manufacturers have available other intermediate fuse ampere
ratings to provide closer circuit protection (such as sizing dual-
element fuses at 125% of motor current) or to comply with "Maxi-
mum Fuse" sizes specified in controller manufacturer's overload
relay tables

144The last paragraph of Section 430.52 reads, "Suitable fuses
shall be permitted In lieu of devices listed In Table 430-152 for an
adjustable speed drive system provided that the marking for
replacement fuses Is provided adjacent to the fuses." Why Is
this Code provision necessary?
Some "solid-state motor starters require fuses specifically de.
signed to protect semi-conductor components The code provision
was necessary in order to give branch-circuit stvart-circuit and
ground-fault "recognition" to these fuses

430-53. Several Motors or Loads on One Branch Circuit. Two _

more motors or one or more motors and other loads shall be permit-
ted to be connected to the same branch circuit under the conditions
specified in (a). (b). or (c) below

(c) Other Group Installations. Two or more motors of any rating
or one or more motors and other load(s), with each motor having
individual overload protection, shall be permitted to be connected to
one branch circuit where the motor controller(s) and overload
device(s) are (1) installed as a listed factory assembly and the motor
branch-circuit short-circuit and ground-fault protective device is
either provided as part of the assembly or is specified by a marking
on the assembly, or (2) the motor branch-circuit shortcircuit and
ground-fault protective device, the motor controller(s) and overload
device(s) are field-installed as separate assemblies listed for such
use and provid/ 1 with manufacturers' instructions for use with each
other, and (3) an of the following conditions are complied with

(1) Each motor overload device is listed for group installation with
a specified maximum rating of fuse and/or inverse time circuit
breaker

(2) Each motor controller is listed for group installation with a
specified maximum rating o' fuse and/or circuit breaker

(3) Each circuit breaker is one of the inverse lime type and listed
for group installation

(4) The branch circuit shall oe protected by fuses or inverse time
circuit breakers having a rating not exceeding that specified in Sec.
lion 430.52 for the largest motor connected to the branch circuit plus
an amount equal to the sum of the Rill-load current ratings of all other
motors and the ratings of other loads connected to the circuit Where
this calculation results in a rating less than the ampacity of the sup-
ply conductors it shall be permitted to increase the maximum rating
olthe fuses or circuit breaker to a value not exceeding mat permitted
by Section 240.3, Exception No 1

(5) The branch -circuit fuses or inverse time circ t breakers are
not larger than allowed by Section 430 40 for the th,,rma cutout or
overload relay protecting the smallest motor of the group
(FPN) See Section 110-10

155 What does this Section mean?
Simply stated, branch circuit protection for group motor installations
must be UL and factory listed for such installations This listing can
be accomplished as a factory installed assembly with specified
marking, or field installed as separate assemblies listed for use with
each other with instructions provided by the manufacturer For the
best protection of group motor installations the branch circuit pro-
tective device should be current limitiny The Fine Print Note refer-
ence to Section 110-10 emphasizes the necessity to comply with the
component short circuit withstand ratings

1631f the equipment nameplate specifies "max" fuse for a multimo-
tor circuit, what must the branch circuit device be?

BRANCH
CIRCUIT r
FUSEriff

1

11-
L -1
Nameplate speohes max fuse as
branch circuit device

It must be a fuse, rated at not more than what is specified on the
nameplate The best type of fuse to use is a current limiting fuse

4f} 3
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430-71&72. Motor Cont-ol-Circuit Protection

43071. General. Part F contains modifications of the general
requirements and applies to the particular conditions of motor con
trol circuits

Definition of Motor Control Circuit: The circuit of a control appa
ratus or system that carries the electric, signals directing the per-
formance of the controller, but does not carry the mien power
current

167 What does this Section mean?

BRANCH CIRCUIT
FUSE r

I

1

CONTROL CIRCUIT

Section 430 -11 defines the control circuit of a motor controller (con-
trol apparatus) The relationship of a control circuit to the circuit
carrying the main power current is illustrated in the above circuit
diagram

430-72. Overcurrent Protection.
(a) General. A motor control circuit tapped from the load side of a

motor branch circuit short circuit and ground-fault protective de
vice(s) and functioning to control the motor(s) connected to that
branch circuit shall be protected against overcutient in accordance
with Section 430-72 Such a tapped control circuit shall not be con-
sidered to be a branch circuit and shalt be permitted to be protected
by either a supplementary or branch circuit overcurrent protective
device(s) A motor control circuit other than such a tapped control
circuit shall be protected against overcurrent accordance With
Section 725-12 or 725 35 as applicable

Iss What does this Section mean?

BRANCH CIRCUIT
FUSE r

--(ED--
Branch circuit°, L. J
supplementary type luso CONTROL CIRCUIT

As shown in the above circuit, the motor control circuit taprad on the
load sick, t.:f the motor branch circuit protective device can be pro-
tected by either a branch or supplementary type protective device
(such a control circuit is not to be considered branch circuit)

New U L requirementFor motor controllers listed for available
fault currents greater than 10,000 amperes, the control circuit fuse
must be a branch circuit fuse with a sufficient interrupting rating
(The use of Buss FNQ R, KTI(1, JJS. or JJN fuses is recommended
these fuses have branch-circuit listing status, high interrupting rat-
ing, current limitation, and small size )

(b) Conductor Protection. The overcurrent protection for con-
ductors shall not exceed the values specified in Column A of Table
430-72(b)

4

160 What does this Section mean?

BRANCH CIRCUIT
FUSE r

11=1:1

Branch circuit or L
l'uPPlementa'Y hype fuse CONTROL CIRCUIT CONDUCTORS

Control circuit conductors must be protected by a fuse rated at not
more than those values shown in Column "A" of Table 430.72(b)

Exception No 1 Conductors which do not extend beyond the
motor control equipment enclosure shall require only short circuit
and ground fault protection and shall be permitted to be protected
by the motor branch circuit short circuit and ground-fault protective
I device(s) where the rating of the protective device(s) is not over the
value specified in Column B of Table 430-72(b)

fro What does this Exception mean?
It the control conductors do not leave the enclosure, they can be
considered to be protected by the branch circuit fuse, if that fuse
does not exceed the values of Table 430.72(b) Column B
Exception No. 1

L.

Control circuit
within
enclosure

-1

The motor branch protective &NILO is co, -Jered
to also protect the control conductors it the conductots
do not extend beyond the enclosure and the maximum
rating of the rotective device is not greater than
Table 430 72(b) Column B

Exception No 2 Conductors which extend beyond the motor con
trot equipment enclosure shall require only short circuit and ground
fault protection and shall be permitted to be protected by the motor
branch circuit short circuit and ground (chat protective device(s)

!where the rating of the protective deviee(s) is not Over the value
specified in Column C of Table 430 72(b)

Table 430.72(b). Maximum Rating or Overcurrent Protective
Device-Amperes

Control
Circuit
Conductor
Size, AWG
18

16
14

12
10

larger
than 10

Column A
Basle Rule

Alum. or
Copper.
Clad

Copper Alum -
7

10

Note 1
Note 1 Note 1
Note 1 Note 1
Note 1 Note 1

Column B Column C
Exception No. 1 Exception No. 2

Alum. or Alum or
Copper. Copper.
Clad Clad

Copper Alum. Copper Alum,
25 7
40 10
100 45
120 100 60 45
#60 140 90 75
Note 2 Note 2 Note 3 Note 3

Note I Value speotied n Tables 310-16 thrOugh 310 31, as qcbeabte
Note 2 400 percent of value spooled m Table 310.17 for 6O'C conductors
Note 3 300 percent of value speolied in Table 3t0 16 for 60'C conductors
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430-71&72. Motor Control-Circuit Protection

In What does this Exception mean?
If the control conductors leave the enclosure, they can be consid-
ered to be protected by the branch circuit fuse, if that fuse does not
exceed the values of Table 430-72(b) Column C

(Exception No. 2)

r
J

Control conductors
extending beyond enclosure

The motor branch circuit protective device
Is considered also to protect the contrc.
conductors it it does not exceed the values
of Column C

In Do the two circuits shown below require individual control-
circuit protection?

FRSR40

1r ®X, 25 HP
34A

No 16 wire
within enclosure

No The FRS11 40 ampere fuses are sized within the 40 ampere
requirement for #16 conductor within enclosure (See Table 430-
72(b) )

25 HP
34A

No 16 wire
within enclosure

Yes Individual control circuit fuses are required since the 80
ampere circuit bieaker has a rating in excess of the 40 amperes
requirement for #16 conductor within enclosure (See Table 430.
72(b) )

Now secoon 110 10 and 240-1 require that Con iOM weetand not be exceeded Not all
overcurrent devices sat at 400% can potect a t6 and #18 conductors

Exception No 3 Conductors supplied by the secondary side of a
single phase transformer having only a two-whe (single-voltage)
secondary shall be permitted to be protected by overcurrent protec-
tion provided on the primary (Supply) side of the transformer pro.
vrded this protection does not exceed the value determined by
multiplying the appropriate maximum rating of the overeaten(
device for the secondary conductor from Table 430.72(b) by the
secondary-to-primary voltage ratio Transformer secondary conduc-
tors (other than two -wire) are not considered to be protected by the
primary overcurrent protection

(-Only2-wire secondary
Control circuit

173 What dres this Exception mean?
Primary fusing of a control transformer can be considered to protect
the 2 wire, secondary conductors if the fuse rating does not exceed
the value of multiplying the appropriate rating from Table 430.72(b)
with the secondary to primary voltage ratio

BRANCH
CIRCUIT
FUSE

From Table 430.72(b)

Wire Size
#18 Copper

4eov lodvg

Max. Protection
7 Amp Fuse

Maximum pr mary fuse snaii not exceed
1 75A as determined by

120V
2 WIRE

*18 Copper
within
enclosure

120V
480V

x 7A 1 75A

Comparison By Largest H.P. Motor (460V) Circuit Where Branch Circuit Protective Device Is Considered To Protect The Control Conductors
Per 436.72(b) (2), Exc. 1 and 2.
Protective
Device

FUSETRON or
LOWPEAK Fuse

k::01-Time Delay

Fuse
Thermal Magnetic
Circuit Breaker
Instantaneous
Only Circuit
Breaker

APProx
Size As Percent
Motor F.LA

Level Of
Protection

Control Circuit
Within Enclosure

Control Circuit
Extending Beyond Enclosure

#111 #16 #14 #18 #16 #14
125% Overload

and Branch
15hp 25hp 60hp 3hp Shp 25hp

Circuit
175% 10hp 15hp 40hp Zhp 3hp 15hp
300% Shp ,flp 20hp 1 hp l'hhp 10hp

250% Branch Slip 10hp 30hp 1 V2hp 2hp 10hp
Circuit

1000%' Only lhp 2hp Shp V.hp 1/2hp 2hp

'Instantaneous only Pratt breakers cannot prande any overbid protection Typcaly to hold stereng currents. instantaneous trip a set al 1000% to 1300% of motor full toad amperes

NomFueetron. Unlit/on, Low -Peek, HICAP. end T.Tron w roglatorod trodoenorks of
&ammo.% Cooper Industr1oo, Inc.

410
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430-71&72. Motor Control-Circuit Protection

174 Even though a fuse or circuit breaker can be sized at 300% or
400% of the conductor ampacrty, what lev.:1 rff control conduc-
tor protection can bo expected?
The protective device would respond only to high level conductor
overcurrents, the control conductors would not be protected against
lower overcurrent levels This lack of protection could result in a
prolonged 200% control circuit r/vercurrent and eventual insulation
breakdown and melting of the conductors For example, if the con-
trol circuit run wire of considerable length, the conductor imped-
ance might be sufficiently high to limit fault currents to 200% to 400%
of the conductor ampacity Thus, oversized overcurrent devices
would provide inadequate protection In contrast, fuses sized to the
conductors ampacity would provide full-range overcurrent protec-
tion, their use is to be recommended

(c) Control Circuit Transformer. Where a motor control circuit
transformer is provided, the transformer shall be protected in accor-
dance with Article 450

Exception No 1 Control circuit transformers rated less than 50 VA
and an integral part of the motor controller and located within the
motor controller enclosure

Exception No, 2 Where the control circus( traosformer rated pn-
mary current is less than 2 amperes, an overcurrert device rated or
set at not more than 500 percent 01 the rated primal) current shall be
permitted in the primary circus(

I r5 What are the provisions of this Section?
Control transformers must adhere to the rules governing other trans-
formers (600 volts or less), as below

Primary Nile Protection Only
Transformer Primary Fun
Printery Ampectly
Current Must Not Exceed
Less then 2 amps 500%* {Exception No 2)*
2 to 9 amps 167%
9 amps or more 125%
'Pnrnary prolecton mop brne delay hoes sued not m muss of 250% rs recommended

Primary and Secondary Fuse Protection
Primary Fuse Secondary
Does Not Exceed
250%
250%

Current
9 amps or more
Less than 9 amps

Secondary
Fuse
125%
167%

Aopucdtion Guideline to 430.72(C1 Exception No 1

The cond bons of 430 72(C) Exception No 1 permits the use of 4
control transformer rated less than f,3 VA' without the inc'us.on of
individual wotection on the primary side of the transformer in the
control circuit proper, thus protection of the transformer primary
against short 1 cud currents is dependent upon the device used for
branch circuit protection However, consideration should be given
to protecting the control transformer on the prinary side with indi-
vidual fuses specilicail sized for control transformer protect-on

r
SOA hem
or
circuit
breaker IWV 1 1

1

05 A normal F L C I-
(25VA)

(breakdown of ti mstormer windings Noukt ,-,....,e
current to increase many tunes over rfOrma, weer out
lees than 60A) 'Conductor protection she required per
Section 430-72(b)

,,_

'Gonad Transformers rated less than 50 VA are usualty ovedance protected or have omen
types of prolecton, such as nnerent voodoo

Take the case, for instance, in which a short occurs in a control
transformer (such as would result from insulation deterioration and
breakdown) (See diagram above in which a 60 ampere branch-
circuit fuse is shown ) Now, if the resultant overcurrent drawn by the
control circuit as a result of shorted control transformer is relatively
low (actually could be less than 60 amperes) compared to the
response time of the 60 ampere branch circuit fuse or cii cult breaker
the transformer could become so hot that extensive damage could
be done to the insulation of the control conductors the trans-
formnr Ilse!' could burst into flames

However, inclusion of fuse protection in the primary of the control
transformer would eliminate this type of hazard Buss type FNQ or
FNQ -R Time-Delay fuses could be sized as low as 125% of the trans-
former full-load amperes The Buss type KTK or KTK-R fast-acting
fuses could be typically sized at 300% of the primary full-load
amperes When applying fuses, the time-current charactenstics
should be checked to determne if the fuse can hold the inrush mag-
netizing current of the transformer

Fuses Commonly Used h Control Circuits

There are several lase types which have small dimensions trat are
ideally suited fcr control circuit protection The KTK-R or FNQ -R
fuses are U I Listed as Class CC fuses and JJN (J 3) fuses as U I
Class T fuses The other fuses shown are U L Listed 35 supplemen-
tary protection When used for control transformer, coil, or solenoid
protection, the fuse should be selected to withstand the inrush cur-
rent for the required time

Symbol Voltage Ampere U.L. InteffuptIng Comment
Rating RaUng Class Rating

Branch Circuit Refection Fume
RICI1 600V lis thru 71/2 CC' 200KA Time delay in
SC 300V 6 thru 60 G' 100KA overload region
KTK-R 600V Via thru 30 CC 2001(1 110 tntenbonal
JJN 300V 1 thru 1200 r 200KA time
JJS 600V 1 fin 1200 r 200KA delay in the
SC 300V Juu 5 G' 100KA overload repton
Supplementary Fuses
MO 500V 'Ao thru 30 SUP 10KA
FNW 250V 12 thru 30 SUP 10KA
PRA 250V 0 thru 1 SUP 35A
FNM 250V 1 1 thru 3 5 SUP 100A
MA 250V 3 6 thru 10 SUP 200A
FNM 125V 101 thru 15 SUP 10KA
FNM 32V 151 thru 30 SUP IKA
FNA 250V 'As thru Via SUP 35A
FNA 125V 1 thru 15 SUP 10KA
FNA 32V 151 thru 30 SUP 1KA
KTK 600V %'o thru 30 SUP 100KA
BAF 250V 1/2 thru 1 SUP 35A
BAF 250V 1 1 thru 3 5 SUP 100A
BAF 250V 3 6 thru 10 SUP 200A
BAF 250V 101 thru 15 SUP 750A
BAF 125V 151 thru 30 SUP 10KA
BAN 250V 2,40 thru 1 SUP 35A
BAN 250V i 1 thru 3 5 SUP 100A
BAN 250V 3 6 thru 10 SUP 200A
BAN 250V 101 thru 15 SUP 750A
BAN 250V 151 thru 30 SUP 1500A

Time delay in the
overload region

No ,ntentiOnal
time

delay in the
overload region

ii L listed
"300 volts 1 G (Can be used on 277480 volt solely grounded systems
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Buss Fuse Selection Chart
(600 Vods or Less)

AIC Circuit Load Amain* Fuse Symbol Voltage UL Remarks
Rating Typo Rating (aal Class

a

1

Main,
g Feeder

c / and
3 Branch

;

ConvontIonal DimensionsClot RK1, RK4 (0.400A), L (1101 41000A)
All type loads Vio600A LOW.PEAK . LPNRK
(optimum
overcurrent

(dual-element,
time-delay)

LPSRK

protection), 601 to
6000A

HI -CAP.
(time-delay)

KRPC

Motors, welders,
transformers.
capacitor banks %to

(circuits with to FUSETRON. FRNR
heavy inrush
currents)

600A (dual-element,
time-delay)

FRSR

601 to LIMITRON KLU
4000A (time delay)

Non-motor loads
(circuits with no
heavy inrush
currents) Yto
LIMITRON fuses to KTN-R
particular suited
for circuit
breaker
protection.

600A

LIMITRON.

KT31

(fastacting)
601 to KTU
6000A

250V RK1tt All-purpose fuses
600V Unequaled for combined

short-circuit and
600V L merioad protection

250V FK5tt Moderate degree of
600V current limitation

C1OV All- purpose fuse Time.
delay passes surge-currents

250V RK1 Same shortcircuit protection
600V as LOW-PEAK fuses but

must be sized larger for
circuits with surgecurrents;
i e.. up to 300%.

600V A fast-acting, high
performance fuse

Radaceti Dienmslons For installation In Restricted Space
Motors, welders. HICAP. JHC 600V Can be sized as low
etc (circuits (timedelay) as 150%
with no heavy

1
motor F. L. A

Inrush currents)
to

Nonmotor loads 600A LIMITRON, JKS 600V J Very similar to KTSFI
(circuits with no (quick-acting) LIMITRON.
heavy inrush 1 to TTRON j,,, JJN 300V T The space saver (1/2 the
currents) 1200A JJS 600V size of KTNR/KTSF1).
Control transformer Y.0 to 30A LIMITRON, KTKFt 600V CC Very compact. (4,32" x 1 V2").
circuits and lighting (fast acting) rejection feature
ballasts. etc V. to 71/2A TRON, FROM

(time-delay)
Branch

General pt.rpose. 1

i.e., lighting to
100,000AIC panel boards 60A

SC SC 300V G Current limiting;
l3'n" dia x varying
lengths per amp rating.

General Miscellaneous 'Ai) 0" TIME NON 250V H or K5t Forerunners of
Purpose (available short. to NOS 600V the modem
(non circuit current 600A SUPERLAG REN 250V H cartridge fuse.
current must not exceed RENEWABLE MS 600V
limiting 10,000A rms sym.)
fuses) Plug fuses can Vio FUSTAT8 S 125V S Base threads of Type S

be used for to (dualelement, cfrffef with amp ratings. T
branch circuits 30A time-delay) and W have Edison base. T
and small FUSETRON, T 125V & S fuses recommended for
component (dualelement, motor araxts. W not
protection). time-delay) recomended for circuits

Buss Type W W 125V with motor loads

JHC U.L listed and CSA certified. JHC 15.6001s CSA certified. "UL Listed as Edison Base Plug Fuse. t Some ampere
ratings are available as UL Class K5 with a 50,000A interrupting rating. tt RK1 and RK5 fuses fit standard switches, fusel); xs
and holders; however, the rejection feature of class R switches and fuseblocks designed specifically for rejection type fuses
(RK1 and RK5) prevent the insertion of the nonrejection fuses (K1, K5. and H)

Bussmann, P.O. Box 14460, St Louis, MO 63178 (314) 394-2877 Telex 44.841

COOPER
INDUSTRIES

(314) 527.3877 (Central Customer Service)

BUSSMANN

Reprinted with permission of Bussmann Division, Cooper Industries.



Twn ANTI THRPF WHIP CrINTRni S
UNIT IX

INFORMATION SHEET

I. Terms and definitions

A. Auxiliary contacts -- Set of normally open auxiliary contacts on a starter,
contactor, or relay that close when main contacts close, providing a means
of sealing or holding the circuit in the energized state

B. Indicating pilot light Small light that indicates status of controls or
machinery

C. Low voltage protection Magnetic control only; nonautomatic restarting;
three-wired control; power failure disconnects service; power restored by
manual restart

D. Low-voltage release Manual and magnetic control; automatic restarting;
two -wire control; power failure disconnects service; when power is restored
the controllu automatically restarts motor

E. Pilot device Directs operation of another device; alters the ele,.;irical cir-
cuit

F. Three-wire control Uses momentary contact; start/stop stations and a
memory circuit interlock connected in parallel with the start button to main-
tain the circuit

G. Two-wire control Any type of switch having a definite "c )" and "off" posi-
tion that is used to control a mayietic starter or contactor

II. Typical two-wire pilot devices

(NOTE: There are many different pilot devices. These are the most common.)

A. Toggle switch

CIW-449
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B. Float switch

!NFORMAT!ON SHEET

0

C. Pressure switch

D. Thermal switch

E. Flow switch

0

4 1 4



INFORMATION SHEET

F. Selector switch

0

G. Limit switch

--44041v

9

III. Advantages of two-wire controls

CIW-451

A. Provide low voltage release

B. Do not require a human operator

IV. Basic rule for threeire controls Stop buttons are in series with the "auxiliary
contacts" and the start buttons are in parallel with the "auxiliary contacts"

(NOTE: This rule will apply no matter how many start/stop stations are used.)

Series 1

i

i

Parallel

4 1 5
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IN FORMATiON SHEET

V. Advantages of three-wire controls

A. Provide low-voltage protection

(NOTE: This protects both the operator and the equipment.)

B. Allow for easy installation of indicating pilot lights

VI. Operation of a two-wire control system When the two-wire device is closed
through some type of mechanical action, it allows current to flow to the starter's
coil, energizing the coil and causing the starter to close.

Two-Wire Control
Contact Such As
Float or Pressure

Switch

Two Wires

L1 L3

11 3
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a INFORMATION SHEET

VII. Operation of a threewire control system When the start button is depressed
current is allowed to flow to the magnetic coil, energizing the coil. When the coil
energizes the magnetic field, it pulls the armature toward it closing the main con
tacts. As the armature closes it also mechanically closes the auxiliary contacts
(memory contacts) giving the current a path around the start button and keeping
the coil energized. When the stop button is depressed, the flow of current is inter-
rupted, allowing the magnetic field to dissipate.

L1 L2

30
Motor

L3

- ni

417
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TWO AND THREE WIRE CONTROLS
UNIT IX

ASSIGNMENT SHEET #1 - COMPLETE A LADDER AND A WIRING
DIAGRAM OF A TWOWIRE CONTROL USING A THERMAL SWITCH

NAME SCORE

Directions: Complete the ladder and wiring diagram below, using a thermal switch.

L2
0

0 0

0 0

4.18
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e Tii."0 AND THREE WIRE CONTROLS
UNIT IX

ASSIGNMENT SHEET #2 -- DRAW A LADDER DIAGRAM OF A
THREEWIRE CONTROL WITH AN "ON" INDICATING PILOT LIGHT

NAME SCORE

Directions: Convert the following wiring diagram to a ladder diagram.

19

1.2 L3

01.
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TIN" AND THREE ;;SIRE CONTROLS
UNIT IX

ASSIGNMENT SHEET .#3 - DRAW A LADDER AND A WIRING DIAGRAM
OF A THREE-WIRE CONTROL WITH AN "OFF" INDICATING

PILOT LIGHT

NAME SCORE

Directions: Draw a ladder and a wiring diagram of a three-wire control with an "off" indicating
pilot light in the space provided below.

(NOTE: In order to operate the pilot light correctly an additional set of normally closed auxil-
iary contacts must be added.)

420
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CIW-461

ptio AND THREE 'WIRE CONTROLS
UNIT IX

ASSIGNMENT SHEET #4 -- DETERMINE THE NUMBER AND SIZE OF
CONDUCTORS NEEDED TO OPERATE A TWOWIRE CONTROL SYSTEM

NAME SCORE

Directions: Using the drawing and the NEC determine the number of power and control con
ductors needed to operate the system. You must also determine the proper size conduit and
the proper fuse size (dual element, time delay).

(NOTE: It may simplify the conductor count to draw a wiring diagram of this system.)

30
230V
S.S.

Conduit 1

30
Starter Conduit 2

Conduit 3

30Hi)
Motor

Float
Switch

A. Conduit 1 inch EMT conductors Awg THWN

B. Conduit 2 inch EMT conductors Awg THWN

C. Conduit 3 inch EMT conductors Awg THWN

D. Dual element time delay fuse size amperes

42i



TWO AND THREE WIRE CONTROLS
UNIT IX

ASSIGNMENT SHEET #5 - DETERMINE THE NUMBER AND SIZE OF
CONDUCTORS NEEDED TO OPERATE A THREE-WIRE

CONTROL SYSTEM

NAME SCORE

Directions: Using the drawing and the NEC determine the number of power and control con-
ductors needed to operate the system. You must also determine the proper size conduit and
the proper fuse size (dual element, time delay).

(NOTE: This starter has a line voltage coil.)

30
208V
S.S

1-Conduit 1

Conduit 2
"On" Pilot

Start

Stop

A. Conduit 1 inch EMT conductors Awg 1W

B. Conduit 2 inch EMT conductors Awg THWN

C. Conduit 3 inch EMT conductors Awg TW

conductors Awg THWN

D. Conduit 4 inch EMT conductors Awg 1W

E. Dual element time delay fuse size amperes

422



TWO AND THREE WIRE CONTROLS
UNIT IX

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1 Evaluated to the satisfaction of the instructor

Assignment Sheet #2 Evaluated to the satisfaction of the instructor

Assignment Sheet #3 Evaluated to the satisfaction of the instructor

Assignment Sheet #4

A. 1/2 inch EMT 3 conductors 12 or 14 Awg
B. 1/2 inch EMT 2 conductors 12 or 14 Awg
C. 1/2 inch EMT 3 conductors 12 or 14 Awg
D. 10 amperes

Assignment Sheet #5

A. 1/2 inch EMT 3 conductors 12 Awg
B. 1/2 inch EMT 4 conductors 12 Awg
C. 1/2 inch EMT 7 conductors 12 Awg
D. 1/2 inch EMT 3 conductors 12 Awg
E. 20 amperes

42 3
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TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #1 - WIRE A TWOWIRE CONTROL

A. Equipment and materials needed

1. Pouch tools

2. Three-phase open starter

3. Five feet #14 THHN

4. Mounting board

5. Four #10 x 1" sheet metal screws

6. Float switch (momentary nio push button, to simulate action of float switch)

B. Procedure

1. Draw a ladder and wiring diagram of your system in the space provided below.

2. Have your instructor approve your drawings.

424
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Jr1R CHEST' #1

3. In complete sentences, describe the sequence of operation of the system.

4. Mount equipment.

5. Wire the system.

6. Have instructor evaluate the job.

7. Disassemble; store equipment and materials.

4 2 3

a
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UNIT IX

JOB SHEET #2 - WIRE TWO FLOAT SWITCHES TO OPERATE
A STARTER (SERIES CONNECTION)

(NOTE: Both switches must be activated in order for the starter to energize.)

A. Equipment and materials needed

1. Pouch tools

2. Three-phase open starter

3. Five feet #14 THHN

4. Mounting board

5. Four #10 x 1" sheet metal screws

6. Two float switches (momentary n/o push buttons, to simulate action of float
switch)

B. Procedure

1. Draw a ladder and wiring diagram of your system in the space provided below.

2. Have your instructor approve your drawings.

426 .s.



JOB SHEET #2

3. In complete sentences, describe the sequence of operation of the system.

4. Mount equipment.

5. Wire the system.

6. Have instructor evaluate the Job.

7. Disassemble; store equipment and materials.

427
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TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #3 - WIRE TWO FLOAT SWITCHES TO OPERATE
A STARTER (PARALLEL CONNECTIONS)

(NOTE: Either switch will energize the starter.)

A. Equipment and materials needed

1. Pouch tools

2. Three-phase open starter

3. Six feet #14 THHN

4. Mounting board

5. Four #10 x 1" sheet meta! screws

6. Two float switches (momentary n/o push buttons, to simulate action of float
switches)

B. Procedure

1. Draw a ladder and wiring diagram of your system in the space provided below.

2. Have your instructor approve your drawings.

428
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JOB SHEET #3

3. In complete sentences, describe the sequence of operation of the system.

4. Mount equipment.

5. Wire the system.

6. Have instructor evaluate the job.

7. Disassemble; store equipment and materials.

42;)
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TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #4 - WIRE A PRESSURE SWITCH TO OPERATE A
STARTER WITH "ON" AND "OFF" PILOT LIGHTS

A. Equipment and materials needed

1. Pouch tools

2. Three-phase open starter (with additional N/C auxiliary contacts)

3. Six feet #14 THHN

4. Ten #10 x 1" sheet metal screws

5. Pressure switch (momentary n/o push button, to simulate action of pressure
switch)

6. Two 120 volt pilot lights

B. Procedure

1. Draw a ladder and wiring diagram of your system in the space provided below.

2. Have your instructor approve your drawings.

43()
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JOB SHEEr 04

3. In complete sentences, describe the sequence of operation of the system.

4. Mount equipment.

5. Wire the system.

6. Have instructor evaluate the job.

7. Disassemble; store equipment and materials.

is



TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #5 - WIRE A THREE-WIRE CONTROL SYSTEM

A. Equipment and materials needed

1. Pouch tools

2. Three-phase open starter

3. Six feet #14 THHN

4. Mounting board

5. Six #10 x 1" sheet metal screws

6. Start stop station (1-n/o push button, 1-n/c push button)

B. Procedure

1. Draw a ladder and wiring diagram of your system in the space provided below.

2. Have your instructor approve your drawings.

432
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JOB SHEET #5

3. In complete sentences, describe the sequence of operation of the system.

4. Mount equipment.

5. Wire the system.

6. Have instructor evaluate the job.

7. Disassemble; store equipment and materials.
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TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #6 WIRE A MULTIPLE STATION THREE-WIRE CONTROL

(NOTE: Stops are wired in series and starts are wired in parallel with the auxiliary contacts.)

A. Equipment and materials needed

1. Pouch tools

2. Three-phase open starter

3. Two start stop staVons

4. Eight #10 x 1" sheet metal screws

5. Mounting board

6. Ten fret #14 THHN

B. Procedure

1. Draw a ladder and wiring diagram of your system in the space provided below.

2. Have your instructor approve your drawings.

434'
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JOB SHEET #6

3. In complete sentences, describe the sequence of operation of the system.

4. Mount equipment.

5. Wire the system.

6. Have instructor evaluate the job.

7. Disassemble; store equipment and materials.

e
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rii0 AND THREE 'WIRE CONTROLS
UNIT IX

JOB SHEET #7 - WIRE A MULTIPLE STATION THREEWIRE CONTROL
WITH "ON" AND "OFF" PILOT LIGHTS

A. Equipment and materials needed

1. Pouch tools

2. Three-phase open starter (extra n/c contacts)

3. Two start stop stations

4. Two 120 volt pilot lights

5. Ten feet #14 THHN

6. Twelve #10 x 1" sheet metal screws

B. Procedure

1. Draw a ladder and wiring diagram of your system in the space provided below.

2. Have your instructor approve your drawings.

4 3 6

CIW-479
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0 na 0 UI LCT a17

3. In complete sentences, describe the sequence of operation of the system.

4. Mount equipment.

5. Wire the system.

6. Have instructor evaluate the job.

7. Disassemble; store equipment and materials.

4 :--i 7



TWO tkiND THREE WIRE CONTRA! S
UNIT IX

JOB SHEET #1 PRACTICAL TEST - WIRE A TWOWIRE CONTROL

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

C!W-481

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUAI oft NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed ladder diagram accurately and neatly.
3. Completed wiring diagram accurately and neatly.
4. Mounted equipment properly.
5. Made proper wiring terminations.
6. Checked inlput away tools and materials.
7. Cleaned the work area.
8. Used proper tools ,,orrectly.
9. Performed steps in a timely manner (____hrs. _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to -,uestions aske-1.

EVALUATOR'S COMMENTS:

4.I



JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the s,I.rdent is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Ladder diagram correct
4 3 2 1

Wiring diagram correct
4 3 2 1

Sequence of operation correct
4 3 2 1

Equipment mounted properly
4 3 2 1

System operates
4 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS.

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program: additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

4:4 9
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UNIT IX

JOB SHEET #2 PRACTICAL TEST - WIRE TWO FLOAT SWITCHES
TO OPERATE A STARTER (SERIES CONNECTION)

STUDENT'S NAME DATE

CIW-483

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to o6servd the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive ari overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed ladder diagram accurately and neatly.
3. Completed wiring diagram accurately and neatly.
4. Mounted equipment properly.
5. Made proper wiring terminations.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min. _sec.,

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

4 (4 0
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Ladder diagram correct
4 3 2 1

Wiring diagram correct
4 3 2 1

Sequence of operation correct
4 3 2 1

Equipment mounted properly
4 3 2 1

System operates
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

44



TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #3 PRACTICAL TEST - WIRE TWO FLOAT SWITCHES
TO OPERATE A STARTER (PARALLEL CONNECTIONS)

STUDENT'S NAME DATE

CIW-485

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactoriiy achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed ladder diagram accurately and neatly.
3. Completed wiring diagram accurately and neatly.
4. Mounted equipment properly.
5. Made proper wiring terminations.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min. _F. X.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

442



JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Ladder diagram correct
4 3 2 1

Wiring diagram correct
4 3 2 1

Sequence of operation correct
4 3 2 1

Equipment mounted properly
4 3 2 1

System operates
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #4 PRACTICAL TEST WIRE A PRESSURE SWITCH
TO OPERATE A STARTER WITH "ON" AND "OFF" PILOT LIGHTS

STUDENT'S NAME DATE

CIW-487

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUA OR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Completed ladder diagram accurately and neatly.
3. Completed wiring diagram accurately and neatly.
4. Mounted equipment properly.

6
5. Made proper wiring terminations.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:

444
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JOB SHEET #4 PRt:CTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Ladder diagram correct
4 3 2 1

Wiring diagram correct
4 3 2 1

Sequence of operation correct
4 3 2 1

Equipment mounted properly
4 3 2 1

System operates
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS'

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the ',Dtal number of criteria.)



TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #5 PRACTICAL TEST - WIRE A THREEWIRE
CONTROL SYSTEM

STUDENT'S NAME DATE

CIW-489

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your irtructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed ladder diagram accurately and neatly.
3. Completed wiring diagram accurately and neatly.
4. Mounted equipment properly.
5. Made proper wiring terminations.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner (_hrs. _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

4 F;



SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the app. opriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Ladder diagram correct
4 3 2 1

Wiring diagram correct
4 3 2 1

Sequence of operation correct
4 3 2 1

Equipment mounted properly
4 3 2 1

System operates
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

4 4 7



TWO AND THREE WiRE CONTROLS
UNIT IX

JOB SHEET #6 PRACTICAL TEST - WIRE A MULTIPLE
STATION THREEWIRE CONTROL

STUDENT'S NAME DATE

CIW-491

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the mate; als and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed ladder diagram accurately and neatly
3. Completed wiring diagram accurately and neatly.
4. Mounted equipment properly.
5. Made proper wiring terminations.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. min _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

4 4 S
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JOB SHEET #C, PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) if the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Ladder diagram correct
4 3 2 1

Wiring diagram correct
4 3 2 1

Sequence of operation correct
4 3 2 1

Equipment mounted properly
4 3 2 1

System operates
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(E JALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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TWO AND THREE WIRE CONTROLS
UNIT IX

JOB SHEET #7 PRitCTICAL TEST - WIRE A MULTIPLE
STATION THREEWIRE CONTROL WITH "ON" AND "OFF"

PILOT LIGHTS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Completed ladder diagram accurately and neatly.
3. Completed wiring diagram accurately and neatly.
4. Mounted equipment properly.
5. Made proper wiring terminations.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:

70
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JOB SHEET #7 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Ladder diagram correct
4 3 2 1

Wiring diagram correct
4 3 2 1

Sequence of operation correct
4 3 2 1

Equipment mounted properly
4 3 2 1

System operates
4 3 2 1

Workmanship
4 3 2 1

Compliance to NEC
4 3 2 1

EVALUATOR'S COMMENTS'

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

I. ,
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TWO AND THREE WIRE CONTROLS
UNIT IX

TEST

SCORE

1. Match the terms on the right with their correct definitions.

a Any type of switch having a definite "on"
and "off" position that is used to control a
magnetic starter or contactor

b Set of normally open auxiliary contacts on a
starter, contactor or relay that close when
main contacts close, providing a means of
sealing or holding the circuit in the ener-
gized state

c

d

e

f.

9

Small light that indicates status of controls
or machinery

Uses momentary contact; start/stop sta-
tions and a memory circuit interlock, con-
nected in parallel with the start button to
maintain the circuit

Magnetic control only; nonautomatic
restarting; three-wire control; power failure
disconnects service; power restored by
manual restart

Directs operation of another device; alters
the electrical circuit

Manual and magnetic control; automatic
restarting; two-wire control; power failure
disconnects service; when power is
restored, the controller automatically
restarts motor

1 52

CIW-495

1. Auxiliary contacts

2. Indicating pilot light

3. Low voltage protec-
tion

4. Low voltage; release

5. Pilo, device

6. Three-wire control

7. Two-wire control
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TEST

2. Identify typical two-wire pilot devices shown below.

a. b.

c. d.

--------'"'k--)_?J, ,

0-....................0---

e. f.



TEST

3. List two advantages of two-wire controls.

a.

b.

CIW-497

4. State the basic rule for three-wire controls.

5. List two advantages of three-wire controls.

a.

b.

6. Describe the operation of a two-wire control system.

7. Describe the operation of a three-wire control system.

8. Complete a ladder and a wiring diagram of a two-wire control using a thermal switch.
(Assignment Sheet #1)

9. Draw a ladder diagram of a three-wire control with an "on" indicating pilot light.
(Assignment Sheet #2)

10. Draw a ladder and a wiring diagram of a three-wire control with an "off" indicating pilot
light. (Assignment Sheet IQ

11. Determine the number and size of conductors needed to operate a two-wire control sys-
tem. (Assignment Sheet #4)

12. Determine the number and size of conductors needed to operate a three-wire control
system. (Assignment Sheet #5)
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TEST

13. Demonstrate the ability to:

a. Wire a two-wire control. (Job Sheet #1)

b. Wire two float switches to operate a starter (series connection). (Job Sheet #2)

c. Wire two float switches to operate a starter (parallel connections). (Job Sheet #3)

d. Wire a pressure switch to operate a starter with "on" and "off" pilot lights. (Job
Sheet #4)

e. Wire a three-wire control system. (Job Sheet #5)

f. Wire a multiple station three-wire control. (Job Sheet #6)

g. Wire a multiple station three-wire control with "on" and "off" pilot lights. (Job
Sheet #7)

4 5 F;
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TWO AND THREE WIRE CONTROLS
UNIT IX

1. a. 7 e. 3
b. 1 f. 5
c. 2 g. 4
d. 6

2. a. Pressure switch
b. Limit switch
c. Selector switch
d. Thermal switch

ANSWERS TO TEST

e. Flow switch
f. Toggle switch
g. Float switch

3. a. Provide low voltage release
b. Do not require a human operator

4. Stops in series starts in parallel with the memory contacts

5. a. Provide low voltage protection
b. Allow for easy installation of indicating pilot light

6. When thermal switch closes, current flows to coil

7. When start button is depressed current flows to coil where armature pulls in, closes
auxiliary contacts, and seals around start button

8.-12. Evaluated to the satisfaction of the instructor

13. Performance skills evaluated to the satisfaction of the instructor
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SEPARATE CONTROL CIRCUITS
UNIT X

UNIT OBJECTIVE

After completion of this unit, the student should be able to read and interpret diagrams and
wire separate control circuits. Competencies will be demonstrated by completing the assign-
ment sheets, job sheets, and tho unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to separate control circuits with their correct definitions.

2. List two reasons for separate control circuits.

3. List three applications for separate control circuits.

4. List two sources of separate control circuits.

5. Match voltage ratings with their typical control transformer schematics.

6. Describe the necessary changes that must be made to a starter when using a sep-
arate contrcl circuit.

7. Read and interpret ladder diagrams using separate control circuits. (Assignment
Sheet #1)

8. Answer questions dealing with control circuits. (Assignment Sheet #2)

9. Determine the size and number of conductors needed to operate a separate con-
trol circuit. (Assignment Sheet #3)

4 5 7
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OBJECTIVE SHEET

10. Demonstrate the ability to:

a. Wire a relay and a load with a separate control circuit. (Job Sheet #1)

b. Wire a three-phase starter to operate by a separate control circuit. (Job
Sheet #2)

4 m
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SEPARATE CONTROL CIRCUITS
UNIT X

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information and assignment sheets.

E. Discuss information and assignment sheets.

F. Provide students with job sheets.

G. Discuss and demonstrate the procedures outlined in the job sheets.

H. Integrate the following activities throughout the teaching of this unit:

1. Visit the machine tool lab to view separate control circuits in use on machines.

2. Visit a local industry that has a motor control center.

3. Show students control transformers, time clocks, push-to-test lights, etc.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.
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0 SEPARATE CONTROL CIRCUITS
UNIT X

INFORMATION SHEET

I. Terms and definitions

A. Control transformer Small transformer used to step supply voltage down
to appropriate control voltage

B. Lightning arrestor Device connected to the supply side of a system,
designed to absorb transient surges

46..
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INFORMATION SHEET

C. Motor control center Large panel used in industrial applications to cen-
trally locate motor starters, motor branch circuit short circuit and ground-
fault protective devices and motor branch circuit disconnecting means

D. Push-to-test pilot light Used to indicate "on" and "off" status of a motor
and to verify condition by means of indicating a burned out lamp

1 i- "1
..: I) 4.;
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INFORMATION SHEET

E. Time clock An electromechanical or electronic switch designed to con-
trol electrical circuits and equipment based on preset times of day

(NOTE: There are many different types of time clocks. It is necessary to
obtain the manufacturers' schematics to wire each type.)

0

F. Under voltage relay Relays whose coils are connecwd between the line
terminals of a motor branch circuit; opens a set of N/O contacts if one or
more phases is lost

II. Reasons for separate control circuits

(NOTE: At times it may become necessary to operate pilot devices or push but-
tons at a lower voltage than the motor voltage. In such a case, a separate source,
such as an isolating transformer or an independent voltage source may be used.)

A. To step control voltage down to safe levels

B. To match control voltage with control components operating voltage

1 (3
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iNFORivIATiON SHEET

III. Appli "ations for separate control circuits

A. Air conditioning and heating equipment

B. Motor control centers

iniiMMINI
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INFORMATION SHEET

C. Puma control panels

(NOTE: These units are extensively used in irrigation systems and oil field
applications.)

IV. Sources of separate control circuits

A. Control transformer

B. Separate 120 volt control with circuit disconnect

V. Typical control transformer schematics and their voltage ratings

A.

0
Xi 240 Primary

120 Secondary

0
X2

H4

Primary Winding

Secondary Winding
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B.

C.

IMErtEIRM ATIf1111.1 °LI rETIIINII vs-morn nary Jill-

0
X1 480 Primary

120 Secondary

H4

Primary Winding

Secondary Winding

(NOTE: It is important to connect the primary taps correctly to match the
input voltage.)

Li

Hi 9?

TYMYYTYYTYYTYYnraffir

0 0
X1 240 Primary X1

24 Secondary

H2

Primary Winding

Secondary Winding
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VI. Necessary changes that must be made to a starter when using a separate control
circuit When operating three-phase starters on a separate control source it is
necessary to remove any and all wires that connect from the line terminals to any
portion of the control circuitry. Specifically the wire that is connected from L2 to
the coil must be removed.

F77

This wire must
be removed.
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0 SEPARATE CONTROL CIRCUITS
UNIT X

ASSIGNMENT SHEET #1 - READ AND INTERPRET LADDER DIAGRAMS
USING SEPARATE CONTROL CIRCUITS

NAME SCORE

Directions: Evaluate the following ladder diagrams and describe the sequence of operat,,,n in
the space provided.

A.

Push to Test

468
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B.

ASSIGNMENT SHEET #1



ASSIGNMENT SHEET #1

L1 L2

I I--NA-AA-I

CIW-515
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SEPARATE CONTROL nIRNIITS
UNIT X

ASSIGNMENT SHEET #2 - ANSWER QUESTIONS DEALING WITH
CONTROL CIRCUITS

NAME SCORE

Directions: Using the NEC, answer the following questions which deal with control circuits.
Specify the appropriate Article number in the space provided.

A. If the 16 Awg control circuit conductors extend beyond the control equipment enclo-
sure, and are tapped from the motor branch circuit, is supplementary fuse protection
required if the motor branch circuit is fused at 60 amperes?

Article

B. May a control transformer located within a motor controller enclosure be tapped from
the line side of the disconnecting means?

Article

C. May the motor control circuit disconnecting means be located in a separate room from
the motor circuit disconnecting means?

Article

D. What is the maximum percentage of rated primary current that an overcurrent device
may be rated or set if the control circuit transformer rated primary current is less than 2
amperes?

Article

47i
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SEPARATE CONTROL CIRCUITS
UNIT X

ASSIGNMENT SHEET #3 - DETERMINE THE SIZE AND NUMBER OF
CONDUCTORS NEEDED TO OPERATE A SEPARATE CONTROL CIRCUIT

NAME SCORE

Directions: Using the NEC and the handout supplied to you in Unit XI, answer the questions
following the diagram shown below.

(NOTE: Coil voltage is 1200.)

480V
S.S.

Conduit 1

30
Starter

and
Control

Transformer

n"On" Pilot Light

Conduit 2

Conduit 3

Conduit 4

5 HP
Code Letter

A

472

Pressure
Switch
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ASSIGNMENT SHEET #3 ab

A. Conduit 1 conductors AWG

B. Conduit 2 conductors AWG

C. Conduit 3 conductors AWG

D. Conduit 4 conductors AWG

E. Fuse size (Dual element time delay)

F. Heater amperes part number



SEPARATE CONTROL nifinliris
UNIT X

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1 Evaluated to the satisfaction of the instructor

Assignment Sheet #2

A. Yes 430-72 Table 430-72(b) Column C
B. No 430-74(b)
C. No 430-74(a)
D. 500% 430-72(c) Exception 2

Assignment Sheet #3

A. 3# 12 Awa
B. 2# 14 Awg
C. 2# 14 Awg
D. 3# 12 Awg
E. 15 amps
F. Correct answer dependent on selection charts used

4 74
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SEPARATE CONTROL CIRCUITS
UNIT X

JOB SHEET #1 - WIRE A RELAY AND A LOAD WITH
A SEPARATE CONTROL CIRCUIT

A. Equipment and materials needed

1. Pouch tools

2. Four pole relay with 24 volt coil (4 N/O)

3. 120/24 volt transformer

4. Start/stop station

5. Mounting board

6. Eight #10 x 1" sheet metal screws

7. Ten feet # 16 TFF

8. Pilot light

B. Procedure

1. Draw a ladder and a wiring diagram of a control system using one start/stop sta-
tion to control a 4pole relay. The relay wil; operate a 120 volt pilot light and will be
actuated by 24 volts.

.175
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JOB SHEET #1

2. Have your instructor approve your drawings.

3. In complete sentences, describe the sequences of operation of your control sys-
tem.

4. Have your instructor approve your description.

5. Wire the system.

6. Have your instructor evaluate your work.

7. Disassemble and store equipment and materials.

t)
4 r.--1 r,4 i
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SEPARATE CONTROL CIRCUITS
UNIT X

JOB SHEET #2 - WIRE A THREE-PHASE STARTER TO
OPERATE BY A SEPARATE CONTROL CIRCUIT

A. Equipment and materials needed

1. Pouch tools

2. 34) starter with 120 volt coil

3. 240 volt (live) 34) power source

4. 480-240/120 control transformer

5. Fuse block

6. 6/10 amp fuse

7. Mounting board

8. Three-position selector switch and enclosure

9. Twelve #10 x 1" sheet metal screws

10. 24 hour time clock with 120 volt timer motor

11. 15' #14 THHN

B. Procedure

1. Using the following ladder diagram, write a complete sequence of operation of
the system.

L1

I

240V
L2

Likkr--

Time lock
Motor

477
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JOB SHEET #2

2. Have your instructor approve your sequence description.

3. Wire the system.

4. Have your instructor evaluate the job.

5. Disassemble and store equipment and materials.



SEPARATE CONTROL CIRCUITS
UNIT X

JOB SHEET #1 PRACTICAL TEST - WIRE A RELAY AND
A LOAD WITH A SEPARATE CONTROL CIRCUIT

STUDENT'S NAME DATE

CIW-527

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Drew ladder diagram.
3. Drew wiring diagram.
4. Completed sequence description.
5. Constructed system.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min _sac.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

3 7
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Wiring diagram correct

4 3 2 1

System operates

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

4S0
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SEPARATE CONTROL CIRCUITS
UNIT X

JOB SHEET #2 PRACTICAL TEST - WIRE A THREE-PHASE STARTER
TO OPERATE BY A SEPARATE CONTROL CIRCUIT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO. ___

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed sequence description.
3. Checked time clock schematic.
4. Constructed system.
5. Checked inlput away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs. _min. __sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

4R1
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Proper sequence descrip-
tion

4 3 2 1

System operates

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points In "Product Evaluation" and divide by the total number of criteria.)

4S2
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SEPARATE CONTROL CIRCUITS
UNIT X

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a Large panel used in industrial applications
to centrally locate motor starter, motor
branch circuit short circuit, and ground fault
protective devices and motor branch circuit
disconnecting means

b. An electromechanical or electronic switch
designed to control electrical circuits and
equipment based on preset times of day

c Small transformer used to step supply volt-
age down to appropriate control voltage

d. Used to indicate "on" and "off" status of a
motor and to verify condition by means of
indicating a burned out lamp

e Relays whose coils are connected between
the line terminals of a motor branch circuit;
opens a set of NIO contacts if one or more
phases is lost

Device connected to the supply side of a
system, designed to absorb transient
surges

2. List two reasons for separate control circuits.

a.

b.

3. List three applications for separate control circuits.

a.

b.

c.

1. Control transformer

2. Lightning arrestor

3. Motor control center

4. Push-to-test pilot light

5. Time clock

6. Under voltage relay
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TEST

4. List two sources of separate control circuits.

a.

b.

5. Match the voltage ratings on the right with their typical control transformer schematics.

1. 240/120

2. 480/120

3. 240/24

a.

b.

c.

L,

L, L2
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TEST

6. Describe the necessary changes that must be made to a starter when using a separate
control circuit.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

7. Read and interpret ladder diagrams uoing separate control circuits. (Assignment Sheet
#1)

8. Answer questions dealing with control circuits. (Assignment Sheet #2)

9. Determine the size and number of conductors needed to operate a separate control cir-
cuit. (Assignment Sheet #3)

10. Demonstrate the ability to:

a. Wire a relay and a load with a separate control circuit. (Job Sheet #1)

b. Wire a three-phase starter to operate by a separate control circuit. (Job Sheet #2)

4R5
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UNIT X

ANSWERS TO TEST

1. a. 3 d. 4
b. 5 e. 6
c. 1 f. 2

2. a. To step control voltage down to safe levels
b. To match control voltage with control components operating voltage

3. a. Air conditioning and heating equipment
b. Motor control centers
c. Pump control panels

4. a. Control transformer
b. Separate 120 volt control with circuit disconnect

5. a. 2
b. 1

c. 3

6. Remove wire between L2 and the overloads

7.9. Evaluated to the satisfaction of the instructor

10. Performance skills evaluated to the satisfaction of the instructor

CIW-535
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SEQUENCE CONTROL
UNIT XI

UNIT OBJECTIVE

After completion of this unit, the student should be able to read and interpret ladder oiagrams
dealing with sequence control and auxiliary contact interlocking. The student should also be
able to wire these types of applications. Competencies will be demonstrated by completing
the assignment sheets, job sheets, and the unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to sequence control.

2. State the purpose of sequence control.

3. List two advantages of sequence control.

4. List two uses of sequence control.

5. State the purpose of auxiliary contact interlocking.

6. List two advantages of auxiliary contact interlocking.

7. List two uses of auxiliary contact interlocking.

8. Answer questions related to a sequence control diagram. (Assignment Sheet #1)

9. Answer questions related to an auxiliary cor'act interlocking diagram. (Assign-
ment Sheet #2)

10. Demonstrate the ability to:

a. Wire two starters in sequence. (Job Sheet #1)

b. Wire two starters with auxiliary contact interlocking. (Job Sheet #2)
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SEQUENCE CONTROL
UNIT XI

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information and assignment sheets.

E. Discuss information and assignment sheets.

E Provide students with job sheets.

G. Discuss and demonstrate the procedures outlined in the job sheets.

H. Integrate the following activities throughout the teaching of this unit:

1. Invite a local maintenance electrician to speak on the importance of sequencing
and interlocking.

2. Visit a supply house to view the various types of interlocking devices.

3. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.

REFERENCE USED IN WRITING THIS MATERIAL

Alerich, Walter M. Electric Motor Controls. Third Edition. Albany, NY: Delmar Publishers, Inc.,
1983.

SUGGESTED SUPPLEMENTAL MATERIAL

Rexford, Kenneth B. Electrical Controls For Machines. Third E'jition. Albany, NY: Delmar Pub-
lishers, 1987.
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iNFORMATiON SHEET

III. Advantages of sequence control

A. Assures proper order of start-up

B. Shuts down all "down-stream" motors when a starter fails due to overload

IV. Uses of sequence control

A. Main or subassembly line conveyors

B. Auxiliary equipment associated with machines

EXAMPLES: High pressure lubricating pumps
Hydraulic pumps

1

2

3

4

L,

(NOTE: Tracing out the ladder diagram you will note that the first starter is
wired in the normal configuration of a three-wire control.Then on rung three
you will see the second starter's control circuiting originates from terminal
three on the first starters auxiliary contacts. This allows for control current
to flow to the second starter only after starter one seals in. If the OL of
starter one opens both motors will stop.)

V. Purpose of auxiliary contact interlocking To prevent two machines or starters
from conflicting with one another.

420
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SEQUENCE CONTROL
UNIT XI

INFORMATION SHEET

I. Terms and definitions

A. Auxiliary contacts Contacts of a switching device in addition to the main
circuit contacts; auxiliary contacts operate with the movement of the main
contacts; can be N/O or N/C

(NOTE: In most cases, the addition of auxiliary contacts is a simple stack-
on and screw-down procedure.)

B. Cross phasing Unintentional contact of two or more electrical phases;
results in a short circuit

C. Down stream Coming after; following other devices or events

D. Interlocking To interrelate with other controllers; a device is connected in
such a way that the operation of one part controls the operation of another

il. Purpose of sequence control To assure that one motor is running before any
other can operate

1)L,

Startr 1
I _i_ 1
I

I

61--6--1
Stop

0 T,

0

0-

L2

T2

L.3 1 Li

i
-6- Z.

Startrizt 2

ill
I W

T3

3

(NOTE: The wiring diagram indicates all control circuitry originating from starter
one. Remember, starters are pre-wired from L2 through the overloads to the coil.
Wire "X" must be removed in order to avoid the possibility of cross phasing. Refer
to NEC Art: 430-113.)



INFORMATION SHEEr

VI. Advantages of auxiliary contact interlocking

A. Prevents motor starters from being energized when not desired

B. Allows another method of sequencing motor starters

VII. Uses of auxiliary contact interlocking

A. Reversing starters

B. Machine tools

49

(2,3)

(1,4)
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UNIT XI

ASSIGNMENT SHEET #1 - ANSWER QUESTIONS RELATED TO A
SEQUENCE CONTROL DiAGRAM

NAME SCORE

Directions: Answer the following questions related to the sequence control diagram shown
below.

L1 L2

A. When the start button on Rung 1 is pressed, what is the sequence of events?

B. When the start button on Rung 3 is pressed, what is the sequence of events?

492
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ASSIGNMENT SHEET iii

C. If both coils M1 and M2 are energized, what is the sequence of events if the stop button
on Rung 3 is pressed?

D. If both coils M1 and M2 are energized, what is the sequence of events if the stop button
on Rung 1 is pressed?

E. Is it possible to energize coil M2, if coil M1 is not energized? Explain your answer.

193
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CIW-547

SEQUEICE (ONTRO
UNIT XI

ASSIGNMENT SHEET #2 - ANSWER QUESTIONS RELA1ED TO AN
AUXILIARY CONTACT INTERLOCKING DIAGRAM

NAME SCORE

Directions: Answer the following questions related to the auxiliary contact interlocking dia-

gram shown below.

3

4

5

6

7

8

9

M2 M3

12

OL I
12, i', 7, 10, 13)

2

044411;rs. OL

_L. MI M2 M4

*---43--Q-riA3°-.44444
i F----.

OL

12

13

14

15

16

OL

4.74

(1, 5, 7, 10, 14)

(1, 4, 8, 10, 15)

(4, 7, 11, 16)

1

1
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ASSIGNMENT SHEET #2

A. List in order, the sequence of events when the start button on Rung 10 is pressed.

B. If no coils are energized, what pilot lights are "on" and what is their purpose?

C. Is it possible to energize coil M4 and coil M1 at the same time? Explain your answer.



CIW-549

SEQUENCE CrINTIVIL
UNIT XI

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

A. (1) Coil M1 energizes
(2) Contact Mt, Rung 2 closes, sealing in coil M1 and energizing Rung 3
(3) Contact Ml, Rung 5, opens, de-energizing red light

B. Nothingunless M1 is energized first

C. (1) Coil M2 de-energizes
(2) Contact M2, Rung 4 opens
(3) Cortact M2, Rung 6 closes, energizing red light

D. (1) Rungs 1, 2, 3, and 4 de-energize
(2) Contact Ml, Rung 2 and contact M2, Rung 4 open
(3) Contact Ml, Rung 5 and contact M2, Rung 6 close and red lights energize

E. Nopower will not flow to Rung 3 unless coil M1 is energized

Assignment Sheet #2

A. Nothing happens because NIO contact M1 is open
B. Rungs 13, 14, 15, and 16. They are off indicators.
C. Yesbecause N/0 interlocking on Rung 10 operated by M1 and there is not N/C inter-

locking

49P,
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SEQUENCE CON1 ROL
UNIT XI

JOB SHEET #1 - WIRE TWO STARTERS IN SEQUENCE

A. Equipment and materials needed

1. Two three-phase starters

2. Two start/stop stations

3. Twelve #10 x 1" sheet metal screws

4. 15' 016 TFFN

5. Mounting board

B. Procedure

1. Draw a ladder diagram of a system to operate two starters in sequence. Starter 1
must be energized before starter 2 is able to run.
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JOB SHEET #1

2. Have your instructor approve your diagram.

3. In complete sentences, explain how your system operates.

4. Have your instructor approve your explanation.

5. Wire the system.

6. Have your instructor evaluate the job.

7. Disassemble, clean work area, and return all equipment and materials to their
proper storage area.
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SEQUENCE CONTROL
UNIT XI

JOB SHEET #2 - WIRE TWO STARTERS WITH AUXILIARY
CONTACT INTERLOCKING

A. Equipment and materials needed

1. Two three-phase starters (with N/C auxiliary contacts)

2. Two start/stop stains

3. Twelve #10 x 1" sheet metal screws

4. 15' #16 THHN

5. Mounting board

6. Two pilot lights

B. Procedure

1. Draw a ladder diagram of a system designed to prevent two starters from being
energized simultaneously. The starters must also indicate their energized status
through the use of pilot lights.

49
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JOB SHEET #2

2. Have your instructor approve your drawing.

3. In complete sentences, explain how your system operates.

4. Have your instructor approve your explanation.

5. Wire the system.

6. Have your instructor evaluate the job.

,i Disassemble, clean work area, and return all equipment and materials to their
proper storage area.

5 00



SEQUENCE CONTROL
UNIT XI

JOB SHEET #1 PRACTICAL TEST WIRE TWO STARTERS
IN SEQUENr:E

STUDENT'S NAME DATE

CIW-555

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed ladder diagram.
3. Instructor approved diagram.
4. Completed system explanation.
5. Instructor approved explanation.
6. Built system.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely malner ( hrs. _min. _sec.)
11. Practiced safety rules through procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable tea demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Explanation correct

4 3 2 1

System operating

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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SEQUENCE CONTROL
UNIT XI

JOB SHEET #2 PRACTICAL TEST - WIRE TWO STARTERS
WITH AUXILIARY CONTACT INTERLOCKING

STUDENT'S NAME DATE

CIW-557

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Vas" or you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whetheror
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed ladder diagram.
3. Instructor approved diagram.
4. Completed system explanation.
5. Instructor approved explanation.
6. Built system.
7. Checked in /put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Peilormed steps in a timely manner (_hrs min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

J030 3
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JOB SHEET #2 PRACT!CAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the followino criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for maste . to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submittari for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Explanation correct

4 3 2 1

System operating

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unabia to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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SEQUENCE CONTROL
UNIT XI

TEST

NAME SCORE

1. Define the following terms related to sequence control.

a. Auxiliary contacts

CIW-559

b. Cross phasing

c. Down stream

d. Interlocking

2. State the purpose of sequence control.

3. List two advantages of sequence control.

a.

b.

505
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4. List two uses of sequence control.

a.

b.

TEST

5. State the purpose of auxiliary contact interlocking.

6. List two advantages of auxiliary contact interlocking.

a.

b.

7. List two uses of auxiliary contact interlocking.

a.

b.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

8. Answer questions related to a sequence control diagram. (Assignment Sheet #1)

9. Answer questions related to an auxiliary contact interlocking diagram. (Assignment
Sheet #2)

11. Demonstrate the ability to:

a. Wire two starters in sequence. (Job Sheet #1)

b. Wire two starters with auxiliary contact interlocking. (Job Sheet #2)

506



CIW-561

SEQUENCE CONTROL
UNIT XI

ANSWERS TO TEST

1. a. Contacts of a switching device in addition to the main circuit contacts; auxiliary
contacts operate with the movement of the main contacts; can be N/O or N/C

b. Unintentional contact (:) two or more electrical phases; results in a short circuit
c. Coming after; following other devices or events
d. To interrelate with other controllers; a device is connected in such a way that the

operation of one part controls the operation of another

2. To assure that one motor is running before any other can operate

3. a. Assures proper order of start-up
b. Shuts down all "down-stream" motors when a starter fails due to overload

4. a. gain or subassembly line conveyors
b. Auxiliary equipment associated with machines

5. To prevent two machines or starters from conflicting with one another.

6. a. Prevents motor starters from being energized when not desired
b. Allows another method of sequencing

7. a. Reversing starters
b. Machine tools

8.9. Evaluated to the satisfaction of the instructor

10. Performance skills evaluated to the satisfaction of the instructor

--,
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JOGGING CONTROLS
UNIT XII

UNIT OBJECT:VE

After completion of this unit, the student should be able to read ari interpret ladder diagrams
dealing with jogging controls as well as wire these types of circuits. Competencies will be
demonstrated by completing the assignment sheets, job sheets, and the unit tests with a mini-
mum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be ar.,e to:

1. Define the term jogging.

2. Identify methods of joggi-g control.

3. Match methods of jogging control with their advantages.

4. Describe the sequence of operation of three ladder diagrams.

5. Convert three ladder diagrams to wiring diagrams. (Assignment Sheet #1)

6. Determine the number of conductors needed to operate jogging controls. (Assign-
ment Sheet #2)

7. Demonstrate the ability to:

a. Wire a jog through a lock-stop push button. (Job Sheet #1)

b. Wire a jog through a two-position selector switch. (Job Sheet #2)

c. Wire a jog through a two-circuit push button. (Job Sheet #3)

d. Wire a Jog through a control relay. (Job Sheet #4)

50'8
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JOGGING CONTROLS
UNIT XII

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information and assignment sheets.

E. Discuss information and assignment sheets.

F. Provide students with job sheets.

G. Discuss and demonstrate the procedures outlined in the job sheets.

H. Integrate the following activiEes throughout the teaching of this unit:

1. Visit a local industry and view jogging controls in use.

2. Visit a school machine shop and view jogging control on lathes.

3. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.

REFERENCE USED IN WRITING THIS MATERIAL

Alerich, Walter M. Electric Motor Controls. Third Edition. Albany, NY: Delmar Publishers, Inc.,
1983.

SUGGESTED SUPPLEMENTAL MATERIAL

Publications

A. Industrial Control Catalog. Cutler Hammer Products, 4201 N. 27th Street, Milwaukee,
WI.

B. 1986 Digest. Square D Company, Palatine, Indiana.
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UNIT XI!

INFORMATION SHEET

I. Jogging The quickly repeated closure of a circuit to start a motor from rest for
the purpose of accomplishing small movements

EXAMPLE: Short movement of a turret lathe in order to load material t. .o the
chuck

II. Methods of jogging control

A. Two-position selector switch

B. Lock-stop push button

C. Two-circuit push button

(NOTE: This is a momentary push button with a two-circuit NC/NO contact
block.)

510
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iNFORMATiON SHEET

D. Control relay

III. Advantages of jogging control methods

A. Two-position selector switch

1. Inexpensive

2. Easy to install or retrofit

3. Reliable

B. Lock-stcp push button

1. Inexpensive

2. Easy to install or retrofit

3. Reliable

C. Two-circuit push button

1. Ease of operation

2. Easy installation on initial wiring

D. Control relay

1. Extremely reliable

2. May be used on multiple starters

5.1
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IV. Sequence of operations

A. Two-position selector switch When the switch is in the run position the
circuit operates as a normal three-wire control. When the switch is in the
jog position the memory circuit will no longer operate, thus allowing the
start button "change" to a jog button.

START

(2)

B. Lock-stop push button When the lock-stop is in the closed position, the
circuit operates as a normal three-wire control. When the lock-stop is
locked opening it allows the start button to function as a jog, due to the
open memory circuit.

OL's

L2

(2)

C. Two-circuit push outton The normally closed contacts of the two-circuit
push button is in series with the memory contacts. The normally "pen con-
tacts are used to energize the coil. When the jog button is pressed the seal-
in circuit is opened and the colt is energized. When the button is released
the coil is de-energized before the seal-in portion of the circuit closes again.

(CAUTION: A control station using this circuit, may maintain the circuit
when the operator's finger is removed too quickly from the button. This
could injure production workers, equipment, and machinery. Such a circuit
is not recommended.)

L1

STOP
RUN JOG

2 3 OL's

L2

5 1 2

(2)
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INFORiviAlION SHEET

D. Control relay The control relay is used to seal in the circuit. When the
start button is depressed the coil CR (control relay) is energized. When CR
energizes MO contacts CR on rung 2 and 4 close. CR rung 4 acts as seal-in
for the starters coil.

(2,4)



JOGUdNG CONTROLS
UNIT XII

ASSIGNMENT SHEET #1 - CONVERT THREE LADDER DIAGRAMS
TO WIRING DIAGRAMS

NAME SCORE

Directions: Cor.vet the ladder diagrams shown below to wiring diagrams.

A.
1.., L.,

5
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B.

C.

L1

ASSiGNMENT SHEEr 01

RUN
STOP _i__ JOG OL's

L2

2

3

(2)

515

(2)
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JOGGING CONTROLS
UNIT XII

ASSIGNMENT SHEET #2 - DETERMINE THE NUMBER OF
CONDUCTORS NEEDED TO OPERATE JOGGING CONTROLS

SCORE

CIW-573

Directions: Using the NEC and the handout provided with Unit IX, determine the size and num-
ber of conductors needed to operate the following jogging control circuits. You must also
determine the proper fuse size using a dual element time delay fuse, and the proper heater
size.

(NOTE: This starter has a line voltage coil.)

A.

30
208V

SS I

CONDUIT 1

CONTROL
RELAY

CONDUIT 3 30
Starter

Conduit 1 conductors Awg

Conduit 2 conductors Awg

Conduit 3 conductors Awg

Conduit 4 conductors Awg

Dual element fuse amps

Heater

5 1 6

CONDUIT 4
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B.

ASSAGNMENT S!-IEET #'2

COMBINATION
STARTER
30 480"

(w/CONTROL
IRANSFORMER)

CONDUIT 1

.11...7111,=11

CONDUIT 2

5 HP
480V
MTR

Conduit 1 conductors Awg

Conduit 2 conductors Awg

Fuse size (dual element time delay)

Heater amps part number

(2 CIR PUSHBUTTONS)



JOGGING CONTROLS
UNIT XII

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1 Evaluated to the satisfaction of the instructor

Assignment Sheet #2

A. Conduit 1 3 conductors 10 Awg

Conduit 2 4 conductors 14 Awg

Conduit 3 3 conductors 14 Awg

Conduit 4 3 conductors 10 Awg

Dual element fuse 30 amp

Heater Answer dependent upon selection charts used

B. Conduit 1 3 conductors 16 Awg

Conduit 2 3 conductors 12 Awg

Dual element fuse 15 amp

Heater Answer dependent upon selection charts used

5 i3
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JOGGING CONTROLS
UNIT XII

JOB SHEET #1 - WIRE A JOG THROUGH A LOCK-STOP
PUSH BUTTON

A. Equipment and materials needed

1. Pouch tools

2. Three-phase starter

3. Three-element control station

4. Normally open push button

5. Two normally closed push button

6. Lock-stop device

7. Eight #10 x 1" sheet metal screws

8. 15' #14 THHN

B. Procedure

1. Draw a ladder diagram of a jogging control using a lock-stop push button.

5 1 9
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JOB SHEET #1

2. Have your instructor approve your diagram.

3. In complete sentences, describe the sequence of c )eration of your system.

4. Have your instructor approve your system description.

5. Wire the system.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and return all equipment and materials to their
proper storage area.

520
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JOGGING CONTROLS
UNIT XII

JOB SHEET #2 - WIRE A JOG THROUGH A TWO-POSITION SELECTOR

A. Equipment and materials needed

1. Pouch tools

2. Three-phase starter

3. Three-element control station

4. NIO push '-itton

5. N/C push button

6. N/O two-position selector switch

7. Eight #10 x 1" sheet metal screws

8. 15' #14 THHN

B. Procedure

1. Draw a ladder diagram of a jogging control system using a two-position selector
switch.
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JOB SHEET #2

2. Have your instructor approve your diagram.

3. In complete sentences, describe the sequence of operation of your system.

4. Have your instructor approve your system description.

5. Wire the system.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and return all equipment and materials to their
proper storage area.

52.4?
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JOGGING CONTROLS
UNIT XII

JOB SHEET #3 - WIRE A JOG THROUGH A
TWO-CIRCUIT PUSH BUTTON

A. Equipment and materials needed

1. Pouch tools

2. Three-phase starter

3. Three-element control station

4. NO push button

5. N/C push button

6. NIO -N'C twc-circuit pushbutton

7. sight #10 x 1" sheet metal screws

8. 15' #14 THHN

B. Procedure

1. Draw a ladder diagram of a jogging control system using a two-circuit push but-
ton.

5 2 3
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JOB SHEET #3

2. Have your instructor approve your diagram.

3. In complete sentences, describe the sequence of operation of your system.

4. Have your instructor approve your system description.

5. Wire the system.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and return all equipment and materials to their
proper storage area.

4
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JOGGING CONTROLS
UNIT XII

JOB SHEET #4 - WIRE A JOG THROUGH A CONTROL RELAY

A. Equipment and materials needed

1. Pouch tools

2. Three-phase starter

3. Three-element control station

4. Two N/O push buttons

5. N/C push button

6. Two pole control relay with compatible coil voltage

7. Eight #10 x 1" sheet metal screws

8. 15' #14 THHN

B. Procedure

1. Draw a ladder diagram of a jogging control system using a control relay.

525
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2. Have your instructor approve your diagram.

3. In complete sentences, describe the sequence of operation of your system.

4. Have your instructor approve your system description.

5. Wire the system.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and return all equipment and materials to their
proper storage area.
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JOGGING CONTROLS
UNIT XII

JOB SHEET #1 PRACTICAL TEST - WIRE A JOG THROUGH
A LOCKSTOP PUSH BUTTON

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools au.,; :naterials.
2. Drew ladder diagram.
3. Had diagram approved.
4. Completed sequence explanation.
5. Had explanation approved.
6. Wired system.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner (.___hrs. __min. _sec.)
11. Practiced safety rules throughwit procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance

evaluation key below.) If the student is unable to demonstrate mastery, student materials

should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Sequence explanation
correct

Proper operation

4 3 2 1

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total

the designated points in "Product Evaluation" and divide by the total number of criteria.)

52R
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JOGGING CONTROLS
UNIT XII

JOB SHEET #2 PRACTICAL TEST - WIRE A JOG THROUGH
A TWOPOSITION SELECTOR

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whetheror
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Drew ladder diagram.
3. Had diagram approved.
4. Completed sequence description.
5. Had description approved.
6. Wired system.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner ( hrs. min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

5 2 ;-)
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JOB SHEET #2 PRACTiCAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Sequence description
correct

4 3 2 1

Proper operation

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is r_quired to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

530



JOGGING CONTROLS
UNIT XII

JOB SHEET #3 PRACTICAL TEST - WIRE A JOG THROUGH
A TWOCIRCUIT PUSH BUTTON

STUDENT'S NAME DATE

CIW-589

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performar.ce evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Drew ladder diagram.
3. Had diagram approved.
4. Completed sequence description.
5. Had description approved.
6. Wired system.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner (_hrs. _min. sec.)
11. Practiced safety rule-3 throughout procedure.
12. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:

53/



590

JOB SHEET #3 P!IACT!(AL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Sequence description
correct

4 3 2 1

Proper operation

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS'

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled is familiar with process, but is ulable to perform job.

(EVALUATOR NOTE: If an average score is needed t.) coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

5:32
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JOGGING CONTROLS
UNIT XII

JOB SHEET #4 PRACTICAL TEST - WIRE A JOG THROUGH
A CONTROL RELAY

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro
cedure and complete this form. Al! items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Drew ladder diagram.
3. Had diagram approved.
4. Completed sequence description.
5. Had description approved.
6. Wired system.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner (_hrs. _min. _;ec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Sequence description
correct

4 3 2 1

Proper operation

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS.

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skin.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average bcore is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

tiroz 0
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JOGGING CONTROLS
UNIT XII

TEST

NAME SCORE

1. Define the term jogging.

2. Identify methods of jogging control shown below.

a. b.

c. d.
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TEST

3. Match the methods of jogging control on the right with their correct advantages.

(NOTE: There may be more than one correct answer.)

a 1. Extremely reliable 1. Two position selector
2. May be used on multiple starters switch

b 1. Inexpensive
2. Easy to install or retrofit
3. Reliable

2. Lock-stop push but-
ton

3. Two circuit pugh but-_ c. 1. Ease of operation ton
2. Easy installation on initial wiring

4. .;ontrol relay

4. Describe the sequence of operation of three ladder diagrams.

a.

JOG o

(2)



b.

C.

"rPgT

(2)

CIW-595

1

2

3

4

(2,4)

5.17
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TEST

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

5. Convert three ladder diagrams to wiring diagrams. (Assignment Sheet #1)

6. Determine the number of conductors needed to operate jogging controls. (Assignment
Sheet #2)

7. Demonstrate the ability to:

a. Wire a jog through a lock-stop push button. (Job Sheet #1)

b. Wire a jog through a two-position selector switch. (Job Sheet #2)

c. Wire a jog through a two-circuit push button. (Job Sheet #3)

d. Wire a jeg through a control relay. (Job Sheet #4)

1
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CIW-597

_TOGGING: CANTRA1 S
UNIT XII

ANSWERS TO TEST

1. The quickly repeated closure of a circuit to start a motor from rest for the purpose of
accomplishing small movements

2. a. Control ralay
b. Lock-stop push button
c. Two-position selector switch
d. Two circuit push button

3. a. 4
b. 1, 2
c. 3

4. Description should include:

a. When switch is closed it reacts as a normal 3-wire control. When switch is open
seal in circuit is open.

b. When jog is pressed seal in circuit is opened and coil is energized through N/O
portion of two-position push button.

c. When start button is pressed coil CR energizes, contact CR on Rung 2 closes,
and contact CR on Rung 4 closes energizing coil M. When coil M energizes con-
tact M, Rung 2 closes sealing in CR and M. When jog is pressed coil M energizes;
when jog is released coil M de-energizes.

5.-6. Evaluated to the satisfaction of the instructor

7. Performance skills evaluated to the satisfaction of the instructor
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REVERSING STARTERS
UNIT XIII

UNIT OBJECTIVE

After completion of this unit, the student should be able to wire a reversing starter under vari-
ous conditions. Competencies will be demonstrated by completing the assignment sheets,
job sheets, and the unit tests with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to reversing starters with their correct definitions.

2. Identify two types of reversing starter construction.

3. List three types of interlocking methods for reversing starters.

4. Identify three types of drum controls.

5. Complete a drum switch diagram.

6. Describe the sequence of operation of ladder diagrams. (Assignment Sheet #1)

7. Determine the number of conductors needed to operate a reversing control.
(Assignment Sheet #2)

8. Demonstrate the ability to:

a. Wire a reversing starter with a three-position selector switch. (Job Sheet #1)

b. Wire a reversing starter with one control station using auxillory contact and
mechanical interlock. (Job Sheet #2)

c. Wire a reversing starter with one control station using push button interlock
and auxiliary contact interlock. (Job Sheet #3)

540
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OBSECTIVE SHEET

d. Wire a reversing starter with two control stations. (Job Sheet #4)

e. Wire a drum switch. (Job Sheet #5)

f. Wire a reversing starter with jog in both directions. (Job Sheet #6)

54j
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REVERSING STARTERS
UNIT XIII

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class co supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be scrnpleted prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information and assignment sheets.

E. Discuss information and assignment sheets.

F. Provide students with job sheets.

G. Discuss and demonstrate the procedures outlined in the job sheets.

Integrate the following activities throughout the teaching of this unit:H.

1. Disassemble several reversing starters and show how mechanical interlocking
works.

2. Arrange a tour of supply house to view different brands and sizes of reversing
starters.

3. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.

REFERENCE USED IN WRITING THIS MATERIAL

Alerich, Walter M. Electric Motor Controls. Third Edition. Albany, NY: Delmar Publishers, Inc.,
1983.

SUGGESTED SUPPLEMENTAL MATERIAL

Rotating Machinery Explained. Filmstrip #3, Reversing Starters, Bergwall.

542
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RPVPHSINn STARTERS

UNIT XIII

INFORMATION SHEET

I. Terms and definitions

A. Drum switch A switch having electrical connecting parts in the form of
fingers held by spring pressure against contact segments or surfaces of a
rotating cylinder

B. Mechanical interlocking Means of locking out contactors through the
use of mechanical devices such as cams or blocks

C. Push-button interlocking Means of interlocking reversing starters
through the use of two-circuit push buttons with normally open and nor-
mally closed contacts

D. Racing Condition that occurs when both forward and reversing push but-
tons are operated simultaneously; coils "race" to close

E. Reversing starter Starter consisting of two identical contactors and one
overload relay assembly; used in reversal of polyphase motors

II. Types of reversing starter construction

A. Horizontal construction

B. Vertical construction

r
Js ,..,
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LI

L2

L3

!NFORMAT!ON SHEET

III. Types of interlocking methods for reversing starters

A. Mechanical interlocking

Li

1

2

3

4

2

3

4

(NOTE: A mechanical interlock is either factory or field installed between
the forward and reverse contactors. It locks out one contactor at the begin
ning of the stroke of either contactor. This will prevent short circuits and
burnouts.)

B. Push button interlocking

FWD.

1
Stop REV. 2 4_ 3 m

F

LIMIT SWITCHES
IF USED REMOVE JUMPER

OL's

/ IF
4 5

(2,3)

(1,4) Li

2

(NOTE: This method will not allow the coils to race.)

5 4



IIw INFORAIIATION SHEET

C. Auxiliary contact interlocking

L

1

2

3

4

L2

IV. Three types of drum controls

A. Flush mount knob operator

B. Flush mount adjustable operator

C. Surface mounting standard lever

(2,3)

(1,4)

CIW-605
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INFoRMATON sHFFT

V. Drum switch diagrams

(NOTE: Drum switches may be used as the only means of controlling a motor.
However, if the starting inrush current is higher than the rating of the drum switch,
a starter must be used.)

SINGLE PHASE

Connections for 10

FORWARD REVERSE

1 2
1 1 2

3 4
3 *--- 4

5 0---0 6 5 - -,0-4, 6 0 3 i)

5 6

Connections for 30

FORWARD REVERSE

L1 to T3

L2 to T2

L3 to II

L1 to Ti

L2 to T2

L3 to T3

Iw
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REVERSING STARTERS
UNIT XIII

ASSIGNMENT SHEET #1 - DESCRIBE THE SEQUENCE OF OPERATION
OF LADDER DIAGRAMS

NAME SCORE

Directions: Describe the sequence of operation of the three ladder diagrams shown below.

A.

1

2

3

4

5

6

1_, L2

(3,4)

(1,6)

5 4 i



a
C.

ASSIGNrviENT SHEEr #1

(2,4)

(2,4)

C I W-609



a
C.

ASSIGNrviENT SHEEr #1

(2,4)

(2,4)

C I W-609
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REVERSING STArs I crio
UNIT XIII

ASSIGNMENT SHEET #2 - DETERMINE THE NUMBER OF
CONDUCTORS NEEDED TO OPERATE A REVERSING CONTROL

NAME SCORE

Directions: Determine the number of 14 Awg control conductors needed to operate the control
circuit of a system using two control stations with push button and auxiliary contact interlock.
Also determine the number and size of motor branch circuit conductors as well as the size of
conduit.

)- I

( CONDUIT 2

C--)

36
S.S.

CONDUIT 1

Box

CONDUIT 3

CONDUIT 4

REVERSING
STARTER

CONDUIT 5

C)

30
460V

V.0 HP
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ASSIGNMENT SHEET #2

Conduit 1 inch conductors Awg THW

Conduit 2 inch conductors Awg THW

Conduit 3 inch conductors Awg THW

Conduit 4 inch conductors Awg THW

Conduit 5 inch conductors Awg THW

0;1



CIW-613

REVERSING STARTERS
UNIT XIII

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1 Evaluated to the satisfaction of the instructor

Assignment Sheet #2

Conduit 1

Conduit 2

Conduit 3

Conduit 4

Conduit 5

112

3/4

112

3/4

112

inch

inch

inch

inch

inch

3

8

5

3

3

#12

#14

#14

#12

#12

& 5 #14

5 5 2
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REVERSING STARTERS
UNIT XIII

JOB SHEET #1 - WIRE A REVERSING STARTER WITH
A THREE - POSITION SELECTOR SWITCH

A. Equipment and materials needed

1. Pouch tools

2. Three-position selector switch (N/O-N/O) and enclosure

3. Reversing starter with mechanical interlock

4. Eight #10 x 1" sheet metal screws

5. 15' #16 THWN

6. Mounting board

B. Procedure

'1. Draw a ladder diacam of a control system using three-position selector switch
to operate a reversing starter.
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JOB SHEET #1

2. Have your instructor approve your diagram.

3. In complete sentences, explain the sequence of operations of your system.

4. Have your instructor approve your explanation.

5. Wire the system.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and store all equipment and materials.
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REVERSING STARTERS
UNIT XIII

JOB SHEET #2 - WIRE A REVERSING STARTER WITH
ONE CONTROL STATION USING AUXILIARY CONTACT

AND MECHANICAL INTERLOCK

A. Equipment and materials needed

1. Pouch tools

2. Three-element control station

3. N/C push button

4. Two N/0 push buttons

5. Reversing starter with mechanical interlock

6. Eight #10 x 1" sheet metal screws

7. Mounting board

6. 15' #16 THWN

B. Procedure

1. Draw a ladder diagram of a reversing control with one control station, using auxil-
iary contact and mechanical interlocking.

5 55
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JOB SHEET #2

2. Have your instructor approve your diagram.

3. In complete sentences, explain the sequence of operations of your system.

4. Have your instructor approve your explanation.

5. Wire the system.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and store all equipment and materials.

---, -- ,
t i :1 i )
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REVERSING STARTERS
UNIT XIII

JOB SHEET #3 -- WIRE A REVERSING STARTER WITH
ONE CONTROL STATION USING PUSHBUTTON AND

AUXILIARY CONTACT INTERLOCKING

A. Equipment and materials needed

1. Pouch tools

2. Three-element control station

3. N/C push button

4. Two N/O-N/C two circuit push buttons

5. Reversing starter

6. Eight #10 x 1" sheet metal screws

7. Mounting board

8. 15' #16 THWN

B. Procedure

1. Draw a ladder diagram of a system to operate a reversing starter using push but-
ton and auxiliary contact interlocking.

5 5 7
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1"n n1 INIFT .1.101JJD oncci ffJ

2. Have your instructor approve your diagram.

3. In complete sentences, explain the sequence of operations of your system.

4. Have your instructor approve your explanation.

5. Wire the system.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and store all equipment and materials.
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REVERSING STARTERS
UNIT XIII

JOB SHEET #4 WIRE A REVERSING STARTER WITH
TWO CONTROL STATIONS

A. Equipment and materials needed

1. Pouch tools

2. Two forward/reverse/stop control stations

3. Reversing starter

4. Ten #10 x 1" sheet metal screws

5. Mounting board

6. 20' #16 THWN

B. Procedure

1. Draw a ladder diagram of a reversing control using two control stations.

5 S
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JOB SHEET #4

2. Have your instructor approve your system drawing.

3. In complete sentences, explain the sequence of operations of your system.

4. Have your instructor approve your explanation.

5. Wire your system.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and store all equipment and materials.

5 60
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0 REVERSING STARTERS
UNIT XIII

JOB SHEET #5 - WIRE A DRUM SWITCH

Part I

CIW-623

A. Equipment and materials needed

1. Pouch tools

2. Drum switch for polyphase motors

3. 30 3/4hp. motor

4. 30 voltage source

5. Two #10 x 1" sheet metal screws

6. Mounting board

B. Procedure

1. Draw a wiring diagram of a drum switch.

(NOTE: Terminal connections for polyphase motors are located on the inside of
the drum switch cover.)

2. Have your instructor approve your drawing.

3. Wire the drum switch.

4. Have your instructor evaluate your job.

5. Disassemble, clean work area, and store all equipment and materials.

5 6 1
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JOB SHEET #5

Part II

A. Equipment and materials needed

1. Pouch tools

2. Drum switch for 14) motor

3. 14) 314hp. motor

4. 14) 240V voltage source

5. Two #10 x 1" sheet metal screws

6. Mounting screws

B. Procedure

1. Draw a wiring diagram of a drum switch.

(NOTE: Terminal connections for 14) motors are located on the inside cover of the
drum switch cover.)

2. Have your instructor approve your drawing.

3. Wire the drum switch.

4. Have your instructor evaluate your job.

5. Disassemble, clean work area, and store all equipment and materials.

5 -
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REVERSING STARTERS
UNIT Mil

JOB SHEET #6 - WIRE A REVERSING STARTER WITH
JOG IN BOTH DIRECTIONS

A. Equipment and materials needed

1. Pouch tools

2. N/C push button

3. Two-N/0 push buttons

4. Two-N/O-N/C two-circuit push buttons

5. Three-element control station

6. Two-element control station

7. Reversing starter

8. Mounting board

9. Ten #10 x 1" sheet metal screws

10. 20' #16 THWN

B. Procedure

1. Wire a reversing starter with jog in both directions, using the following diagram.

1 JOG -AND

fl 0"---1

I R470 I R OL

L2

3

4

5

6

513,3
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JOB SHEET #6

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and store all equipment and materials.
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REVERSING STARTERS
UNIT XM

JOB 4HEET #1 PRACTICAL TEST - WIRE A REVERSING STARTER
WITH A THREEPOSITION SELECTOR SWITCH

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instruciions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. if the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed diagram.
3. Completed explanation.
4. Built system.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs _min. _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

n
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Diagram correct

4 3 2 1

Explanation correct

4 3 2 1

System operating

4 3 z 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perforrr job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competencj profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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REVERSING STARTERS

IJNIT VIII

JOB SHEET #2 PRACTICAL TEST - VIRE A REVERSING STARTER
WITH ONE CONTROL STATION USING AUXILIARY CONTACT

AND MECHANICAL INTERLOCK

STUDENT'S NAME DATE

CIW-629

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready 13 perform this task, ask your instructor to observe the pro-
cedure and complete this form. Al, items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Pla, a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satin lorilv achieved each step in this procedure. If the student is
unable to achieve this comp,. ency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed diagram.
3. Completed explanation.
4. Wired system.
5. Checked in/put away tools ar d materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely mariner ( hrs _min. _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to quetions asked.

EVALUATOR'S COMMENTS:

5R7
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i

JOB SHEET #2 PRACTICAL TEST III
PRODUCT EVALUATION

(EVALUATOR NOTC: Rate the student on the following criteria by circling the appropriate num
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Diagram correct

4 3 2 1

Explanation correct

4 3 2 1

System operating

4 3 2 1

Workmanship

Compliance to NEC

4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may b, required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

r* -) '-'1
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'REVERSING STAri I =rib
UNIT XIII

JOB SHEET #3 PRACTICAL TEST - WIRE A REVERSING STARTER
WITH ONE CONTROL STATION USING PUSHBUTTON AND

AUXILIARY CONTACT INTERLOCKING

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed uncer "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Completed diagram.
3. Completed explanation.
4. Wired system.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner (_hrs _min. _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:

5 1-3;-)
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR IN OTE: Rate the student :-/n the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is uneNe to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Explanation correct

4 3 2 1

System operating

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed j,' during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, totai
the designated points in "Product Evaluation" and divide by the total number of criteria.)

rr F.: ...,
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UNIT XIII

JOB SHEET #4 PRACTICAL TEST WIRE A REVERSING STARTER
WITH TWO CONTROL STATIONS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" mL Z receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Completed diagram.
3. Completed explanation.
4. Wired system.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs. min. _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:



JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Explanation correct

4 3 2 1

System operating

4 3 2 1

Workmanship

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

5'72
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REVERSING STARTERS
UNIT Mil

JOB SHEET #5 PRACTICAL TEST - WIRE A DRUM SWITCH

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Drew diagram.
3. Wired drum switch.
4. Checked in/put away tools and materials.
5. Cleaned the wn-k area.
6. Used proper tools correctly.
7. Performed steps in a timely manner ( hrs. _min. _sec.)
8. Practiced safety rules throughout procedure.
9. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

5 7 3
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See perfoi mance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Diagrams correct

Switch reversed motor
rotation

4 3 2 1

4 3 2 ;

Workmv ship

4

Compliance to NEC

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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REVERSING STARTERS
UNIT XIII

JOB SHEET #6 PRACTICAL TEST - WIRE A REVERSING STARTER
WITH JOG IN BOTH DIRECTIONS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out propw tools and materials.
2. Evaluated diagram.
3. Determined correct wiring procedures.
4. Wired job.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs. _min _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

575



JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

4 3 2 1

Workmanship

4 3 2 1

Starter operated correctly

4 3 2

Jog operated correctly

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training, program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE; It an average score is needed to coincide with i.-, competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

a



REVERSING STARTERS
UNIT XIII

TEST

NAME _

CIW-639

SCORE

1. Match the terms on the right with their correct definitions.

a Means of locking out contactors through
the use of mechanical devices such as
cams or blocks

____b A switch having electrical conne;ting parts
in the form of fingers held by spring pres-
sure against contact segments or surface of
a rotating cylinder

c Means of interlocking reversing starters
through the use of two-circuit push buttons
with normally open and normally closed
contacts

d. Condition that occurs when both forward
and reversing push buttons are operated
simultaneously. Coils "(ace" to close

e Starter consisting of two identical contac-
tors and one overload relay assembly; used
in reversal of polyphase motors

1. Drum switch

2. Mechanical interlock-
ing

3. Push button interlock-
ing

4. Racing

5. Reversing starters

2. Identify two types of reversing starter constructions shown below.

a. b.

17,,
t_ i i
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TEST

3. List three types of interlocking methods for reversing starters.

a.

b.

c.

4. Identify three types of drum switches shown below.

a. b. c.

5. Complete the following drum switch diagram.

O o
0 0

0 ®

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should completed.)

6. Describe the sequence of operation of ladder diagrams. (Assignment Sheet #1)

7. Determine the number of conductors needed to operate a reversing control. (Assign-
ment Sheet #2)
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TEST

8. Demonstrate the ability to:

a. Wire a reversing starter with a three-position selector switch. (Job Sheet #1)

b. Wire a reversing starter with one control station using auxiliary contact and
mechanical interlock. (Job Sheet #2)

c. Wire a reversing starter with one control station using push button interlock and
auxiliary contact interlock. (Job Sheet #3)

d. Wire a reversing starter with two control stations. (Job Sheet #4)

e. Wire a drum switch. (Job Sheet #5)

f. Wire a reversing starter with jog in both directions. (Job Sheet #6)

57)



REVERSING STARTERS
UNIT XIII

ANSWERS TO TEST

1. a. 2 d. 4

b. 1 e. 5

c. 3

2. a. Horizontal construction
b. Vertical construction

3. a. Push button interlocking
b. Auxiliary contact interlocking
c. Mechanical interlocking

4. a. Flush mount knob operator
b. Flush mount adjustable operator
c. Surface mounting standard lever

5.

T2

6.-7. Evaluated to the satisfaction of the instructor

8. Performance skills evaluated to the satisfaction of the instructor

580
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SPECIAL CONTROL CIRCUITS
UNIT XIV

UNIT OBJECTIVE

After completion of this unit, the student should be able to design and build special control
circuits. Competencies will be demonstrated by completing the job sheets and the unit tests
with a minimum score of 85 percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to special control circuits with their correct definitions.

2. Identify the parts of a control relay.

3. List two uses for control relays.

4. Identify the parts of a latching relay.

5. Describe the uses for latching relays.

6. List four types of timing relays.

7. Complete a list of applications for timing relays.

8. Desc;The how a ground fault indicator works.

9. Describe how an alarm silencing circuit is used.

10. Demonstrate the ability to:

a. Build a relay control circuit. (Job Sheet #1)

b. Wire a latching relay or contactor. (Job Sheet #2)

58j



OBJECTIVE SHEET

c. Wire a timed on circuit. (Job Sheet #3)

d. Wire a timed off circuit. (Job Sheet #4)

e. Energize three starters in a timed sequential order. (Job Sheet #5)

f. De-energize three starters in a timed sequential order. (Job Sheet #6)

g. Build a ground fault indicator circuit. (Job Sheet #7)

5 S 2
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O SPECIAL CONTROL CIRCUITS
UNIT XIV

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite reswrc.9 people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet and handout.

F. b.:::uss information sheet and handout.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Invite a maintenance electrician to speak to the class about special controls.

2. Visit a local industry.

3. Visit a supply house and view various relays.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them poi lible areas of improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.

5R3
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ritruitNCES USED IN WRITING THIS UNIT

A. Alerich, Walter M. Electric Motor Controls. Third Edition. Albany, NY: Delmar Publishers,
Inc., 1983.

B. Rexford, Kenneth B. Electrical Control for Machines. Third Edition. Albany, NY: Delmar
Publishers, 1987.
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NC

Typical Control Relay

Courtesy of Square D Company.
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Latching Relay

Latch Coil

Unlatch Coil

Normally Open
Contact

Normally ClosedClosed
Contact

Courtesy of Square D Company.
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SPECIAL CONIROL CIRCUITS
UNIT XIV

HANDOUT #1 TYPES OF CONTROL RELAYS

Industrial Control Relays

Type X

Type G

Type H

Type PH

General Purpose Control Relays

587

Type C

Type R

Type K

Type JCK

CIW-653



Specialty Relays Intrinsically Safe Relay

Type DSCIDCS
Speed Control Relay

Type UBS
Undervoltage
Control Relay

Courtesy of Square D Company.

Barrier Relay



G SPECIAL CONTROL CIRCUITS
UNIT XIV

INFORMATION SHEET

I. Terms and definitions

A. Accelerating contactors Contactors or relays used in starting motors at
low speed then increasing to maximum speed in preset timed steps

B. Motor driven timing relay Relay who's timed contacts are operated
through the action of a variable speed, extremely small motor

C. Pneumatic timing relay Relay who's timed contacts are operated through
the action of an air bellows and needle valve

D. Solid state timing relay Relay who's timed contacts are operated by an
electronic timer (microchip)

II. Parts of a control relay

Normally
Closed Contact

HI-
Normally

I Open Contact
Ill. Uses for control relays

A. Control of fluid or pneumatic power valves

B. Control of multiple circuits

5 S

Coil
Terminal

CIW-655
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IN FORMATION SHEET

IV. Parts of a latchi% relay or contactor

Magnet

Latch Coil

Armature

Unlatch
Coil

Off Position

...1
9

Baseplate
lik.....---it
ii
ii
il

....!..- Contacts
ii

11

II

11
II
LI

.4___.-- Latch

Mechanism

Magnet

Latch
Coil

i

Armature --1-7
i

Unlatch '-
Coil

iJ

On Position

Contacts

1

i1
11

7411
Baseplate

1

Latch
Mechanism

V. Uses for latching relays or contactors To maintain contacts in their operated
condition during power off periods

(NOTE: Some applications are lighting contactors or control circuits that must
remain on until a specific event occurs.)

VI. Types of timing relays

A. Pneumatic timing relay
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INFORMATION SHEET

B. Solid state timing relay

C. Motor driven timing relay

5 9 i



iNFORiviATION SHEET

D. Timers

(NOTE: Timers require a manual operation of the timer to start operation. It
will run the selected time then stop automatically.)

VII. Applications for timing relays

A. To control the accelerating contactors of motor starters

B. To control a timed sequential start-up of industrial machinery

C. To sequence large loads on for energy management systems

5 .1 c?,
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INFORM-MN SHEET

VIII. Ground fault indicator circuits

1
CIW-659

A. If a ground fault occurs in the control circuit the fuse will blow disabling the
machine.

L,

CONVENTIONALLY WIRED CONTROL CIRCUIT

Li A

L2 0

L3

1

2

3

4

5

GROUNDED CIRCUIT

MASTER
CONTROL

OFF ON°----a.:0-
1A

START
STOP aJ._fa 1PS

H1

CR1

CR1

5 5 ) ,'3

(3,5)

(6,7)

4.-- NOTE GROUND
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1NFORMATiON SiiEET

B. When the system has no grounds both lights will glow at half brilliance
since they are connected in series. If a ground occurs the light on the side
without the ground will glow at full brilliance. The ground will be on the side
with the non-functioning light. In most cases a ground can occur and the
system will continue to operate.

L3

1

2

3

4

5

6

7

10

11

(NOTE: This system is generally used on 208 or 480 volt "V" systems. With
the lamps connected in a "Y" configuration.)

CONTROL CIRCUIT WITH GROUND FAULT INDICATOR

1111

HMI

IMII

L1A

UNGROUNDED CIRCUIT

1151
sve

I CONTROL

OFF ON

MCR
START

STOP aLo PS

CR2

A

0/

MCR

CR1

CR-1

(10)

CR 2

(11)

GROUND DETECTOR LIGHTS

CR-3

CR-4

'MI

594

CR 3

CR-4

INDICATOR
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INFORMAT!ON SHEET

C. If phase A, B, or C grounds out, obviously a fuse should blow; in any case
the difference of potential will effectively be eliminated and the lamp con-
nected to the grounded phase will cease to operate.

IX. How an alarm silencing circuit is used Alarms are commonly used in industry
to warn operatives or other personnel of hazardous or dangerous conditions. Nor-
mally the alarm will consist of an audible signal such as a horn or bell, and a vis-
ual signal such as a warning light. in this case when an alarm condition occurs
the ; udible and visual alarms will activate and the maintenance personnel will
silence the audible signal, but the visual signal will remain until the condition has
been corrected

1

2

3

4

LI L2

(1,4)



SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #1 BUILD A RELAY CONTROL CIRCUIT

A. Equipment and materials needed

1. Pouch tools

2. Four 120 volt pilot lights

3. Four 4-pole relays with 120 volt coils (N/O)

4. N/C push button

5. Four N/O push buttons

6. 20' #16 THWN

B. Procedure

1. Design a control system to solve the following scenario problem:

A contest for industrial electricity students has been organized to test the stu-
dents over National Electrical Code knowledge. Four students will participate.
They will be seated at desks containing a push button station. A question will be
asked by the facilitator. The first contestant with the answer will press his push
button. This action will energize a pilot light in front of his desk. It will also lock
out the other three contestants lights. The facilitator upon receiving a correct
response to his question may then reset the system by pressing a push button.
You have been asked to design and build the control system.
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JOB SHEET #1

2. Draw a ladder diagram of your control system in the space provided below. (Be
sure to reference your diagram.)

3. In complete sentences explain in detail how your system operates.

4. Have your instructor approve your diagram and explardati n.

5. Build a prototype of the system on a work bench.

6. Have your instructor evaluate your job.

7. Disassemble, clean work area, and store all equipment and materials.

5 97
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SPECIAL CONTROL CIRCUITS

UNIT XIV

JOB SHEET #2 - WIRE A LATCHING RELAY OR CONTACTOR

A. Equipment and materials needed

1. Pouch tools

2. 4-pole latching relay (2 N/O - 2 N/C) (120v coils)

3. Two N/O push buttons and enclosures

4. Pilot light (120 volt) and enclosures

5. 10' #14 THHN

6. Six #10 x 1" sheet metal screws

7. Mounting board

B. Procedure

1. Using the following diagram, wire a latching relay to operate a lighting load.

L1 L2

5 Si a

CIW-665

LOCK OUT
CONTACTS



2. Have your instructor evaluate your job.

3. Disassemble, clean work area, and store all equipment and materials.

599
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SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #3 - WIRE A TIMED ON CIRCUIT

A. Equipment and materials needed

1. Pouch tools

2. Time delay relay with timed closed contacts (120v coil)

3. Three-phase motor starter (120 volt coil)

4. Start/stop station

5. Eight #10 x 1" sheet metal screws

6. Mau, sting board

7. 15' #16 THHN

B. Procedure

1. Using the following diagram build an on delay circuit.

6 0 0
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JOB SHEET #3

2. In complete sentences explain the sequence of operation of the circuit.

3. Have your instructor approve your explanation.

4. Build the circuit.

5. Have your instructor evaluate your job.

6. Disassemble, clean work area, and store all equipment and materials.

GO i



SPECIAL CONTROL CIRCUITS
UNIT AV

JOB SHEET #4 WIRE A TIMED OFF CIRCUIT

A. Equipment and materials needed

1. Pouch tools

2. Time delay relay with timed open contacts (12v coil)

3. Three-phase motor starter

4. Two N/O push buttons with enclosure

5. N/C push button with mushroom head and enclosure

6. Ten #10 x 1" sheet metal screws

7. Mounting board

8. 15' #16 THHN

B. Procedure

1. Using the following diagram build an off delay circuit.

(NOTE: Any time an off delay is used, an emergency shut down button must be
installed.)

1

2

3

4

L1 L2

602

(1,2)

(1,4)
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JOB SHEET #4

2. In complete sentences explain the sequence of operation of the circuit.

3. Have your instructor approve your explanation.

4. Build the circuit.

5. Have your instructor evaluate your job.

6. Disassemble, clean work area, and store all equipment and materials.
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SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #5 - ENERGIZE THREE STARTERS IN
A TIMED SEQUENTIAL ORDER

A. Equipment and materials needed

1. Pouch tools

2. Two time delay relays (NOTC) 120v coil

3. Three 395 starters, 120v coils

4. NiO push button

5. WC push button

6. 3-element control station

7. Mounting board

8. Twenty #10 x 1" sheet metal screws

9. 20' #16 THHN

B. Procedure

1. Design and build a circuit to act as follows:

a. Depress start

1) Starter 1 energizes instantly

2) 10 second delay then starter 2 energizes

3) 10 second delay then starter 3 energizes

b. Depress stop All systems de-energize

604
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2. In complete sentences, write a detailed explanation of how your system oper-
ates.

3. Have your instructor evaluate steps 1 and 2.

4. Build the circuit.

5. Have your instructor evaluate your job.

6. Proceed to Job Sheet #6.

605
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QP=C!AL. CONTROL nIRNIITS
UNIT XIV

JOB SHEET #6 - DE-ENERGIZE THREE STARTERS IN
A TIMED SEQUENTIAL ORDER

A. Equipment and materials needed

1. Pouch tools

2. Circuit from Job Sheet #5

3. N/0 push button

4. Three time delay relays (NCTO) 120v coils

5. Six #10 x 1" sheet metai screws

6. 10' #16 THHN

B. Procedure

1. Revise ',ha diagram from Job Sheet #5 to act as follows:

a. Depress start

1) Starter 1 energizes instantly

2) 10 second delay then starter 2 energizes

3) 10 second delay then starter 3 energizes

b. Depress stop

1) Starter 3 de-energizes instantly

2) 10 second delay then starter 2 de-energizes

3) 10 second delay then starter 1 de-energizes

c. Depress emergency stop All systems deenergize

60a
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JOB SHEET #6

2. In complete sentences, explain in detail how your system operates.

3. Have your instructor evaluate steps 1 and 2.

4. Build the circuit.

5. Have your instructor evaluate your job.

6. Disassemble, clean work area, and store all equipment and materials.

61r77
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SPECIAL CONTPIOL CIRCUITS
UNIT XIV

JOB SHEET #7 - BUILD A GROUND FAULT INDICATOR CIRCUIT

A. Equipment and materials needed

1. Pouch tools

2. Control transformer 240/120

3. Three-phase starter

4. Start/stop station

5. Two 120 volt pilot lights and 2-element enclosure

6. Eight #10 x 1" sheet metal screws

7. 15' #16 TFF

8. Mounting board

9. 240 volt power source

10. Two fuse holders

11. Two 6/10 amp fuses

B. Procedure

1. Design and build a three-wire control system to operate a 34 starter. The control
circuit should be equipped with a ground fault indicator.

603
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JOB SHEET #7

2. Have your instructor approve your diagram.

3. Build the circuit.

4. Have your instructor evaluate your job.

5. Disassemble, clean work area, and store all equipment and materials.

ou
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UNIT XIV

JOB SHEET #1 PRACTICAL TEST - BUILD A RELAY
CONTROL CIRCUIT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Read and interpreted scenario.
3. Drew ladder diagram.
4. Completed detailed explanation.
5. Built prototype.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner (_hrs. _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

61
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JOB SHEET 111 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Explanation correct

4 3 2 1

Workmanship

4 3 2 1

System operates

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS.

PERFORMANCE EVALUATION KEY

4 SklIled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

6 1 i



SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #2 PRACTICAL TEST WIRE A LATCHING RELAY
OR CONTACTOR

STUDENT'S NAME DATE

CI W -679

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluaricci" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Mounted equipment.
3. Wired circuit.
4. Tested circuit.
5. Checked inlput away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs _min. _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:
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JOB SHEET #2 PRACTiCAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Workmanship

4 3 2 1

Circuit operates correctly

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profilc, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

6
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AiMI SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #3 PRACTICAL TEST - WIRE A TIMED ON CIRCUIT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Read and interpreted diagram.
3. Completed explanation.
4. Built system.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs _min. _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS'

614
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item, must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Explanation correct

4 3 2 1

Workmanship

4 3 2 1

System operates

3

Compliance to NEC

2 1

EV, LUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

6 1 5
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SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #4 PRACTICAL TEST - WIRE A TIMED OFF CIRCUIT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: Whca you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.).

The student:

1. Checked out proper tools and materials.
2. Read and interpreted diagram.
3. Completed explanation.
4. Built system.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner ( hrs. _min. _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Explanation correct

4 3 2 1

Workmanship

4 3 2 1

Circuit operates correctly

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no acitCtional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
'I Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #5 PRACTICAL TEST - ENERGIZE THREE STARTERS
IN A TIMED SEQUENTIAL ORDER

STUDENT'S NAME DATE

CIW-685

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the mater;als and try again.)

The student: YES NO

1. Checked out proper tools and materials.
L. Drew ladder diagram.
3. Completed explanation.
4. Built circuit.
5. Performed steps in a timely manner ( hrs. _min. _sec.)
6. Practiced safety rules throughout procedure.
7. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

6 1 a
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Explanation correct

4 3 2 1

Workmanship

4 3 2 1

System operates

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #6 PRACTICAL TEST - DEENERGIZE THREE STARTERS
IN A TIMED SEQUENTIAL ORDER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Revised diagram.
3. Completed explanation.
4. Built circuit.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner (_hrs _min _sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

620



688

JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Explanation correct

4 3 2 1

Workmanship

4 3 2 1

Circuit operates properly

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform jcb with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

621



G SPECIAL CONTROL CIRCUITS
UNIT XIV

JOB SHEET #7 PRACTICAL TEST - BUILD A GROUND FAULT
INDICATOR CIRCUIT

STUDENT'S NAME DATE

CIW-689

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

t Checked out proper tools and materials.
2. Drew ladder diagram.
3. Built circuit.
4. Checked in/put away tools and materials.
5. Cleaned the work area.
6. Used proper tools correctly.
7. Performed steps in a timely manner (_hrs. _min _sec.)
8. Practiced safety rules throughout procedure.
9. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

622
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JOB SHEET #7 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Ladder diagram correct

4 3 2 1

Workmanship

4 3 2 1

Circuit operates properly

4 3 2 1

Compliance to NEC

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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Ask
11/ SPECIAL CONTROL CIRCUITS

UNIT XIV

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a. Relay whose timed contacts are operated
through the action of a variable speed,
extremely small motor

b Contactors or relays used in starting motors
at low speed then increasing to maximum
speed in preset timed steps

c. Relay whose timed contacts are operated by
an electronic timer (microchip)

d. Relay whose timed contacts are operated
through the action of an air bellows and
needle valve

2. Identify the parts of the control relay shown below.

a. b

c. d

624

1. Accelerating contac-
tors

2. Motor driven timing
relay

3. Pneumatic timing
relay

4. Solid stdte timing
relay
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TEST

3. List two uses for control relays.

a.

b.

4. Identify the parts of the latching relay shown below.

Off Position

5. Describe the uses for latching relays.

6. List four types of timing relays.

a.

b.

c.

d.
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TEST

7. Complete the following list of applications for timing relays by inserting the word which
best completes each application.

a. To control the contactors of motor starters

b. To control a timed of industrial machinery

c. To sequence large loads on, for systems

8. Describe how a ground fault indicator works.

9. Describe how an alarm silencing circuit is used.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

10. Demonstrate the ability to:

a. Build a relay control circuit. (Job Sheet #1)

b. Wire a latching relay or contactor. (Job Sheet #2)

c. Wire a timed on circuit. (Job Sheet #3)

d. Wire a timed off circuit. (Job Sheet #4)

e. Energize three starters in a timed sequential order. (Job Sheet #5)

f. De-energize three starters in a timed sequential order. (Job Sheet #6)

g. Build a ground fault indicator circuit. (Job Sheet #7)
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SPECIAL CONTROL CIRCUITS
UNIT XIV

ANSWERS TO TEST

1. a 2 c. 4
b.. 1 d. 3

2. a. Normally open contacts
b. Normally closed contacts
c. Coil terminals
d. Relay coil

3. a. Control of fluid or pneumatic power valves
b. Control of multiple circuits

4. a. Magnet
b. Latch coil
c. Armature
d. Unlatch coil
e. Baseplate
f. Contacts
g. Latch mechanism

5. To maintain contacts in their operated position during power off periods

6. a. Pneumatic timing relay
b. Solid state timing relay
c. Motor driven timing relay
d. Timers

7. a. Accelerating
b. Sequential start-up
c. Energy management

8. When system has no grounds both lights will glow at half brilliance. If a ground occurs,
the light on the side without the ground will glow at full brilliance

9. To warn operators or other personnel of dangerous conditions. In an alarm condition an
audible and visual signal are activated. The audible signal may be silenced, but the vis-
ual signal will remain on until the condition !s cleared

10. Performance skills evaluated to the satisfaction of the instructor
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PROGRAMMABLE CONTROLS
UNIT XV

UNIT OBJECTIVE

After completion of this unit, the student should be able to discuss programmable controllers
as well as distinguish between common input/output devices. Competencies will be demon-
strated by completing the assignment sheets and the unit test with a minimum score of 85
percent.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to programmable controllers with their correct definitions.

2. Select from a list programmable controller functions.

3. List the three stages necessary to control a process.

4. Identify input devices.

5. Identify output devices.

6. Identify components of a programmable controller.

7. Complete statements concerning states of contacts.

8. Name three types of I/O modules.

9. !dentify the parts of an optical coupler.

10. Identify the basic PC ladder logic symbols.

11. Explain why a stop button is wired normally closed.

$28



698

OBJECTIVE SHEET

12. List the basic numbering systems used in programmable controls.

13. Match I/O devices with their functions. (Assignment Sheet #1)

14. Convert between numbering systems. (Assignment Sheet #2)

0
0 4..

o
:1
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0 PROGRAMMABLE CCNTROLS
UNIT XV

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparency from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparency to enhance the information as needed.)

G. Integrate the following activities throughout the teaching of this unit:

1. Visit an industry that uses programmable controls.

2. Have PC sale engineers demonstrate their product line.

Show examples rf input and output devices to class.

4. Provide students with catalogs describing various types of programmable con-
trols and their specific feat' s.

EXAMPLES: Telemecanique, Culler-Hammer, Square D

5. Provide students with glossary of terms related to programmable controls.

6. Explain the different numbering systems and how they may apply to programma-
ble contro:,.

7. Design lessons specific to the PC used at your facility. Due to the varied brands
and types of programmable controls used in the different training facilities, it is
impossible to include any job sheets in this unit. It is suggested that each instruc-
tor develop a series of job sheets designed to iristnnt the student in the step by
step use of the PC manuals. Job sheets should begin with extremely simple pro-
grams and progress to scenario type jobs including all the previous steps.

8. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas of improvement.

630
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SUGGESTED ACTIVITIES

H. Give test.

I. Evaluate test.

J. Reteach if necessary.

REFERENCES USED IN WRITING THIS UNIT

A. Rexford, K^nneth B. Electrical Control For Machines. Third Edition. Albany, NY: Delmar
Publisher 1987.

B. Tel-A-Train Workbook for PC's. Chattanooga, TN: Tel-A-Train, Inc.

SUGGESTED SUPPLEMENTAL MATERIAL

Film Programmable Controllers. Seven-part series. Tel-A-Train, Inc., Chattanooga, TN.
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UNIT XI/

HANDOUT #1 GLOSSARY

CIW-703

(NOTE: The following glossary has been reprinted with permission of Tel-A-Train, Inc., Chatta-
nooga, Tennessee.)

A

Abort: a signal to terminate the current pro-
cess.

Active Light: (see Status Light)

Address: a coded value used to identify a
specific I/O Channel or Module, or the loca-
tion of a Register in Memory.

Alphanumeric: series of characters, usually
code, which contain a combination of let-
ters, numerals, and/or special characters.
e.g. B678$.

Analog Signal: a signal which varies propor-
tionally with some aspect of the environ-
ment, e.g., the signal from a pressure
transducer which varies with the amount of
pressure being applied.

Analog 110 Module: an I/O Module which per-
forms Analog-to-Digital (Input) or Digital-to-
Analog (Output) conversions so that the
Controller can communicate with Analog
Field Devices.

And Circuit: a Series Circuit which allows
power flow in the Logic only when all the
conditions have been met.

ANSI: American National Standards Insti-
tute.

Application Program: (see User Program)

Arithmetic Function: a function which com-
pares the contents of two or more registers
arithmetically (addition, subtraction, multi-
plicaton, division, etc.) and may take action
as a result.

ASCII: standard alphanumeric characters
established by the American Standards
Institute.

B

Baud: the number of bits transmitted every
second.

BCED (Binary-Coded Decimal): a system
which uses four Binary Digits to represent
each Decimal Digit (0-9) in a Decimal Num-
ber.

Binary: a numeric, base 2 system which val-
ues represented only by the numbers 0 and
1 (OFF/ON).

Bit: contraction for Binary Digit. A single
digit whose value can be either 0 or 1. The
smallest division of a PC word.

Bugs: software errors which cause
unwanted behavior, or functional problems
due to faulty hardware.

Bus: an electronic channel used to send or
receive data.

Byte: a string of Binary Digits operated on
as a unit. unless otherwise specified, a byte
normally contains eight bits.

C

Cascading Functions: connecting two or
more Functions together to Control one Out-
put. timers and Counters can be Cascaded
together to produce results which cannot be
achieved using one Counter or one Timer.

634
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HANDOUT #1

Channel: a group of I/O Modules that are
separately connected to the Controller.

Checksum: an errcr detection technique
which adds up the Bytes or Words of data
and compares them.

Chip: a very small section of semi-conductor
material, usually made of silicon, containing
electronic circuits.

Clear: to return nory to a nonpro-
grammed state.

CMOS Memory: an advanced form of semi-
conductor Memory which requires very little
DC Power to retain its contents.

Code: programmed instructions.

Coil: an element in the logic program which
will react in a discrete manner to the opera-
tions performed by the Programmable Con-
troller. Its ON and OFF status can be output
to the real world via an Output Module, and
it may be used in other logical operations.
Coils are normally turned OFF when power
is removed from the Controller. (see Latched
Coil)

Computer a device which has a CPU, Mem-
ory, 110 Facilities, and a Power Supply. It
accepts information, processes the data in
a programmed manner, and gives you a
result.

Computer Interface: circuitry which allows a
Controller's Processor to communicate with
a computer.

Contact: 1. the junction point on a ladder
rung which when closed allows a complete
path for power flow. 2. the points on a Relay
which open or close when the Relay coil is
Energized.

Counter: a logic element in a PC User Pro-
gram which is used to simulate the opera-
tion of electro-mechanical Counters.

CPU (Central Processing Unit): the "brain" of
the Controller System, consisting of the
power supply, memory, and processor. All
logic solving and decision making is per-
formed here by the Processor. May also be
called the MAINFRAME. Sometimes the
term "CPU" is used to refer only to the proc-
essor.

CRT: a cabinet containing a Cathode Ray
Tube to display programs such as Ladder
Logic Diagrams. The CRT Might also be
used to display data lists and application
reports.

Cursor: a visible movable pointer on a CRT
or Programming Panel which indicates
where an instruction is to be entered or an
edit is to be made.

9

Diagnostic Program: a test program you can
use to help isolate hardware problems in the
PC and Application Equipment.

Digital: having discrete states. Digital Logic
can have up to 16 states. However, most Dig-
ital Logic is Binary Logic with two states,
ON and OFF.

Disable: the ability to disconnect a Coil or
discrete Input from its normal control. Usu-
ally done prior to Forcing. (see Forcing)

Discrete Ref erenco: a two-state reference in
the User Program which can he either ON or
OFF. A discrete reference can be an Input,
Output, or Internal Logic Element.

Disk Drive: a device used to read and write
data on a magnetic disk.

Diskette: thin magnetically sensitive mate-
rial which is placed in a Disk Drive for the
purpose of storing data and loading the
memory contents of a computer.

ti0
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.01 ;-)



HANDOUT #1

Documentation: an orderly collection of
data and diagrams explaining the hardware
and software involved in a Control System.

Down Load: transferring the User Program
from the Controller to some other device,
usually a programming device.

Dump: recording the entire contents of User
Memory onto a storage medium (e.g., mag-
netic tape, floppy disk, etc.)

E

EAROM: Electrically Alterable Read-Only
Memory.

Edit: to deliberately modify the user pro-
gram.

EEPROM: Electrically Erasable Programma-
ble ReadOnly Memory.

Elk Electronic Industries Association, an
agency which sets standards in electronics.

Element: the basic building block of the PC
ladder logic diagram. An element might be a
relay contact, a horizontal short, vertical
short, a fixed numeric value, register refer-
ence, coil, or higher function. These are
sometimes called logic elements.

Enable: to reconnect a logic coil or discrete
input after it has been disabled. The oppo-
site of "Disable."

EPROM: Erasable Programmable Read-Only
Memory. This type of ROM can be erased
with ultraviolet light and then repro-
grammed.

Executive (Memory): an operating system
which processes the User Program.

CIW-705

F

FIFO Operation: data management which
assures that the First In will be the First Out.

Force: the operation which can be done to
change a reference's status. The reference
can be changed from OFF to ON or ON to
OFF. This allows you to energize or not ener-
gize an Output by means of the Program-
ming Device to aid in troubleshooting.

H

Hard Copy: a printed copy of information
from a computer, such as a Ladder Logic
Program listing.

Hardware: the mechanical, electrical, and
electronic devices which make up a com-
piRte Programmable Controller System.

Holding Register a storage block of the
Memory which holds a value and can be
accessed through its Address.

Hexidecimal: the base 16 Number System
often used to present error codes to the
User.

I

Image Table: a table in the Memory which
contains the status of all Inputs, Coils, and
Registers.

Input: a signal which provides the Controller
information about the system. It can be dis-
crete (pushbutton, relay contacts, limit
switches, etc.) or Numeric (thumbwheel,
external solid-state device, etc.), or Analog.

Input Field Devices: devices which supply
data to the PC.
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HANDOUT #1

Input Module: a device which connects the
Controller with Input Devices. The Input
Module contains the circuitry required to
convert the incoming signals to voltages
which can be used by the PC.

110: Input/Output, the Controlier's connec-
tion to the field devices; includes both dis-
crete and register signals.

Isolated 110: designed to enable the connec-
tion of field devices powered from different
sources to a single module; this type of I/O
is electrically isolated from all other circuits
in the Module.

Interface: circuitry which allows communi-
cation between the Processor and the Field.

L

Ladder Diagram: an industry standard for
representing Controi Logic along Rungs in a
ladder arrangement and using relay equiva-
lent symbology.

Ladder listing: a hard copy listing of the
User Logic Program.

Latched Coil: a type of Coil which will return
to its last state after a power failure has
been rectified. These Coils are unlike nor-
mal Coils which reset to OFF at Powerup.
(see "Retentive" if your Controller allows
this function.)

LDC (Liquid Crystal Display): a reflective vis-
ual readout which offers the advantage of
extremely low power consumption.

LED: Light Emitting Diode.

Logic: a system which contains digital
switching functions, circuits, or devices, as
in Programmable Controllers.

Logic Diagram: a graphic representation of
Logic Functions and conditions.

Logic Element: any one of the symbols or
functions which can be used in a Ladder
Logic Diagram.

M

Machine Language: a Program which has
been written in Binary.

Mainframe: (see Processor)

Memory: storage area for Binary Data and
Prog rams.

Memory Map: a diagram which shows
where in the Controller's Memory various
kinds of data are held.

Memory Protect: a hardware feature usually
under keylock control which prevents a por-
tion of the Memory from being altered by an
external device.

Microprocessor: the control and processing
section of a small Computer.

Microsecond: one millionth of a second.

Millisecond: one thousandth of a second.

Modem: a device which converts digital sig-
nals to analog signals suitable for transmis-
sion over a telephone line and vice-versa.

Move Function: the capability, in some PCs,
which allows data to be transferred from a
Register to a Table and from a Table to a
Register.

Multiplexing: the ability to transfer a number
of different data signals through a single
channel.

N

Network: a group of logic elements which
has been connected together to perform a
single function. In some Controllers, it is a
subdivision of the User Program.
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Node: the point on a PC Ladder Rung where
a logic element is entered into a Ladder
Logic Diagram.

Noise: random unwanted electrical signals,
usually generated outside the Controller,
which can cause errors in a PC managed
system.

NonVolatile Memory: memory which does
not lose its information when power is
turned off.

Normally Open Contact (Examine On Con-
tact): a Contact whose not active state is
OPEN. It is examining for an ON Signal in
order to go active and close.

Normally Closed Contact; (Examine Off
Contact): a Contact whose not active state
is Closed. It is examining for an OFF Signal
in order to pass power. If it finds a voltage
ON signal at an input location, it goes
Active, opens, and will not pass power.

0

Octal: the Base Eight Numbering System
which is used by some PC Manufacturers
for Addressing I/O terminals and Referenc-
ing Registers.

Off-Line Operation: equipment or devices
which are operating, but not affecting the
system.

On-Line Operation: operations where the PC
is directly controlling a machine or process.

One-Shot: a discrete reference, usually a
Logic Coil, which is energized for exactly
one scan of the Controller's Logic.

Optical Coupler: a device which uses a light
source and a detector to link two points and
provide electrical isolation. Often found in
I/O Modules.
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OR Circuit: a Parallel Circuit which allows
one or more alternate paths for power flow
in the Logic.

Output Signal: a signal coming from the
Controller to the Field Devices in an opera-
tion. It can be discrete, turning Field
Devices OFF and ON. Or it can be Numeric,
displaying values stored in Registers. Or it
can be Analog, sending a proportional sig-
nal to a Field Device.

Output Field Devices: devices such as Sole-
noids, Motor Starts, and Readouts which
receive signals from the PC.

Output Module: a device used to connect
the PC with working devices in the field. It
serves two primary functions: converting PC
signals to usable output voltages and isolat-
ing the PC from power fluctuations in the
Field.

P

Parity Check: an error test which counts the
number of "is" in a binary Digit and records
whether it is odd or even.

Parallel Circuit: (see OR Circuit)

Peripheral Equipment: units which may
communicate with a PC but are not part of
it.

Port: an I/O connection point on a Controller
or Peripheral Device.

Processor: the "brain" of the PC which per-
forms all the decision-making in the Control-
ler.

Programmable Controller (PC): a solidstate
Control System which contains a User Pro-
grammable Memory for the storage of
instructions to perform specific functions in
an Operation. A PC consists of a Central
Processing Unit and an I/O Interface. It
requires a Programming Device to enter a
User Program into its Memory.
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Programming Device: a device designed to
allow inserting, monitoring, and editing a
User Program in the PC.

PROM (Programmable Read.Only Memory):
a retentive Memory used to store data.

R

RAM (Random Access Memory): a portion
of the Memory which is used to store the
Information necessary to control a particu-
lar operation. This information can be
accessed at Random by the processor when
it is needed.

Reference Numbers: numbers which iden-
tify Elements of the Relay ladder Logic.
These Elements can be either Discrete or
Numeric.

Register. a piece of the Controller's Memory
which has been set aside for the storage of
Numeric Values. The contents of these Reg-
isters can be referenced and used by the PC
during its operation.

Register Module: sometimes called
Numeric and Analog Modules, these I/O
Modules allow numerical data to pass
between the PC and the Field Devices.

Relay: an electromechanical device which
controls other devices in an electrical sys-
tem.

Relay Element: a Logic Symbol used to sim-
ulate the effect of an electromechanical
Relay in a User Program.

Retentive Elements: on certain Controllers,
these Logic Elements will retain their state
or value under specified conditions, e.g., a
Retentive Latched Coil may remain latched
when power is removed from the PC; a
Retentive Timer will retain its Accumulated
Time during a power outage provided bat-
tery power is supplied.

ROM (Read Only Memory): a portion of
Memory which is usually programmed by
the Manufacturer and c intains basic
instructions for the PC.

Rung: a single horizontal line in the Ladder
Logic which may contain User Program Ele-
ments.

S

Scan: the cycle a PC performs several times
each second, during which it reads the
inputs, solves the User Program, and sets
the outputs.

Scratch Pad Memory: a temporary portion
of Memory where the PC stores the data it
needs to perform calculations or control an
operation. Often this area is used because it
offers faster access time than t e Main
Memory.

Sequencer. a Logic Element which allows
events to be programmed to follow a certain
order under specified conditions.

Series Circuit: (see AND Circuit)

Skip Function: on certain Controllers, this
function allows certain portions of a Pro-
gram to be skipped when the Logic is being
scanned.

Software: application and internal programs
which are used to support the performance
of the Controller.

Solid -S': to: circuitry using only integrated
circuits, transistors, diodes, etc., and con-
taining no electromechanical devices or
vacuum tubes.

Status Light: an LED Indicator found on
most I/O Modules which can be used as a
maintenance aid. It usually lights to indicate
that an Output Module is receiving valid
data from the Processor, or that an Input
Module is receiving a signal from a Field
Device.

Mir
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T

Table: a group of consecutive Memory Reg-
isters used to store numerical values.

Timer: a Logic Element which uses the PC's
internal clock to time an event or sequence
of events. (see Retentive if your Controller
allows this function.)

Traffic Cop: a portion of Executive Memory
which controls how Input and output data is
handled.

Transitional Contact: a Contact which will
pass power for exactly one scan whenever
the Coil or Discrete Input to which it is refer-
enced goes from OFF to ON or ON to OFF
(depending upon the transitional type
selected).

Triac: a semiconductor device which acts as
an electronic switch for AC loads.

Truth Table: a listing which shows the state
of an Output under all the possible Input
conditions.

U

Up-Load: transferring data to the PC from a
device such as a Programmer.

User Memory: the area in memory where the
Application, or User Program is stored.

User Program (Application Program): a set
of Instructions written by the user and
stored in the Memory. These Instructions
"tell" the Processor how to control a spe-
cific operation.
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V

Volatile Memory: a type of Memory which
will lose its information If power is removed
from it.

W

Watchdog Timer: a safety circuit which uses
a Timer to check constantly for CPU failure.
When the CPU Is operating correctly, the
Timer is periodically reset so it never Times
Out. In the event of failure, the Timer Times
Out and the entire system is shut down.

Word: a grouping of bits (usually 16) into a
sequence which is treated as a unit.

Write: the act of putting data Into a storage
location.
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INFORMATION SHEET

I. Terms and definitions

A. Analog signal A signal which varies proportionally with some aspect of
the environment; the signal from a pressure transducer which varies with
the amount of pressure being applied

B. Counter A logic element in a PC user program which is used to simulate
the operation of electro-mechanical counters

C. Discrete A two-state reference in the user program which can be either
on or off

D. Fiber optics Transfer of discrete signals through glass fibers with light

E. Input A signal which provides the controller information about the sys-
tem; can be discrete, numeric, or analog

F. Logic A system which contains digital switching functions, circuits, or
devices

G. Networking Tie in of multiple PCs to communicate with each other in the
performance of a process

H. Output A signal coming from the controller to field devices; can be dis-
crete, numeric, or analog

I. Programmer A device designed to allow inserting, monitoring, and edit-
ing a user program in the PC

J. Programmable controller (PC) (PLC) A solid state control system which
contains a user programmable memory for the storage of instructions to
perform specific functions In an operation

IL Programmable controller functions

A. The replacement of electromechanical relays, counters, timers, and analog
devices with reliable solid-state circuitry

B. To facilitate the change of a process at minimum expense and down time

C. The performance of arithemetic operations, which might be required for
controlling certain operations

D. Fault locating, alarming, and regulation of devices which rarely need atten-
tion

E. The control of dangerous devices or devices in a dangerous environment

641
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III. Three stages necessary to control a process

A. Input

B. Logic

C. Output

IV. Input devices

A. Limit switches

1. Turnstile

4. Turret head

2. Air operated

3. Two-step sequence

5. Precision turret
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B. Proximity switches

1. Capacitive

3. Inductive

64
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2. Magnetic

4. Photoelectric

ThruBeam
Emitter

ThruBeam
Receiver

RetroReflective Sensor
DiffuseReflective
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C. Fiber optic probes

1. Coaxial reflective

3. Thru-beam and
reflective scanners

2. Thru-beam

4. Scanner cable



D. Thumbwheels

INFORMATION SHEET

..=1111.

E. P;:sh buttons

CIW-715
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V. Output devices

A. Motor starters

B. Contactors and relays
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C. Counters

647
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VI. Components of a programmable controller

Controller Input Modules

141,1-1.111:1t
1213131111INGMEM

11111111111111111111111111

1,1- 111.11

11111111111111111111111111

111111

111"1.14

nrionnr
q

Output Module

Courtesy of Telemechanique.

1111111111111111
11111M=1

12112tiaaram,...

313053v
altramasami121:1113ams

Programmer
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VII. States of contacts

CIW-719

A. A normally closed contact will be closed and passing power when it is inac-
tive.

B. A normally open contact will be open and not passing power when it is
inactive.

C. When activated, contacts change to the opposite state from their normal
(not active) state. In other words, a normally open contact will close and a
normally closed contact will open.

Normally Open Contact Normally Closed Contact

Reprinted with permission of Tel-A-Train, Inc., Chattanooga, Tennessee.

(NOTE: It is important to remember that all relays have contacts associated
with them which become active when the coil energizes. Switches also con-
tain contacts which will go active when the switch is activated. All contacts
have a normal state, either open or closed, which is the position they are in
when they are inactive.)

VIII. Types of ;/0 modules

A. Discrete I/O modules

(NOTE: These are used for simple two-state, on/off field devices.)

-1o 41 y

Motor

Push
Button

START
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B. Numerical I/O modules

(NOTE: These are used for field devices such as thumbwheels and LED
readouts, which send and receive numbers.)

Thumbwheel

El) El EC

LED Display

ii il ri
_I _I _I

C. Analog I/O modules

(NOTE: These are used for field devices which must send or receive voltage
signals that change continuously.)

Pressure
Transducer

Proportional
Analog Valve
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IX. Parts of an optical coupler

DC
Signal r

I
from I

PC
t
t

Triac

Gate

AC to
Field Device

CIW-721

Optical Coupler

Reprinted with permission of Tel-A-Train, Inc., Chattanooga, Tennessee.

(NOTE: Two basically independent circuits meet at a Triac which is an electronic
switch. When the low voltage DC signal from the PC is applied to the gate of the
Triac, a switch in the Triac will close, allowing AC to flow in the output device's cir-
cuit. This system is used to optically isolate the PC circuitry from the field cir-
cuitry, thus protecting the PC from transients, spikes, etc.)

X. Basic ladder logic symbols

(NOTE: Signals from the input devices in the field are changed by the I/O modules
into data which the PC can use. When this data is a simple on/off signal, it enters
the logic through contacts on ladder rungs in the user program.)

A. Normally open contact (examine on)

-11-----
(NOTE: Normally open contacts are contacts which remain open and do not
pass power when they are not receiving a signal from the input module.
They are sometimes called examine on contacts because they are looking
for an on signal to pass power.)

651
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B. Normally closed contacts (examine off)

(NOTE: Normally closed contacts are contacts which remain closed and do
pass power when they are not receiving a signal from the input module.
They are sometimes called examine off contacts because they are looking
for an off signal to pass power.)

C. Normal output coils

(NOTE: Normal coils have two states. They can be energized and sending a
signal to the output module or not energized and not sending a signal.)

D. Latched output coils

(NOTE: This is often referred to as a retentive coil. On most controllers, a
latched coil will remain in its latched state, even when the rung changes
state. When this is the case, an unlatching coil is often required to change
the state of the output. Please consult the PC's User Manual for the details
on latching coils in your controller.)
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Xl. Normally closed stop buttons Input devices such as stop switches and high
limit switches are wired normally closed in the field. However, in the logic the nor-
mally closed c )ntact is programmed normally open. The N/C input device is pass-
ing power to the I/O module. Sensing this voltage, the I/O sends an on signal to the
controller. Since this signal means the device has not been activated, power will
flow along the rung as long as the signal is received.

STOP0 1 0 ---I 1----
X001 4---- ADDRESS -----> X001

XII. Basic numbering systems

(NOTE: Most programmable controllers can perform at least some arithmetic.
They do this by comparing the values in one register to one or mo'e different regis
ters.)

A. Decimal (Base 10)

B. Binary (Base 2)

C. Octal (Base 8)

D. Hexidecimal (Base 16)

1.)
0 -.'"

I 1 tj
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PROGRAMMABLE CONTROLS
UNIT XV

ASSIGNMENT SHEET #1 - MATCH I/O DEVICES WITH
THEIR FUNCTIONS

NAME SCORE

Directions: Using the pictorial drawing of a PC managed system, match 110 devices with their
correct functions.

System Power

System Inputs

0
START

0
STOP

OFF

ON

System Logic

Belt Motor

Doors
Open

Switch

Or

System Outputs

e"....4
141

eating Elementl=

-Temperature Sensors

Position Switch

Lift Doors
Solenoid

Reprinted with permission of Tel-A-Train, Inc., Chattanooga, Tennessee.

6 5 4
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a. It deactivates, signaling the logic to begin the
heating cycle

1. Doors °nen switch

b It signals the logic to begin the process and start
2. Position switch

the belt moving 3. Start button

c. Allows the heat to only reach a certain level

Signals the logic that a workpiece is in the oven
and to close the doors

4. Temperature sensor

d.
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PROGRAMMABLE CONTROLS
UNIT XV

ASSIGNMENT SHEET #2 - CONVERT BETWEEN
NUMBERING SYSTEMS

NAME SCORE

Directions:

Decimal

The numbering system you are familiar with is called the decimal system. It uses ten unique
characters. Each

Decimal

character represents a power of an.

One's Place =

Decimal

2

2

1

= 30Ten's Place
= 700Hundred's Place

Thousand's Place = 1000

1732

Binary

The on/off status of a switch ;s Easily read by a computer. The binary systEin is the basis of
computer operations. The binary system uses two unique characters (1 and 0). Each character
represents a power of two.

When translating a binary number to a decimal number, include the columns which contain a
one, and disregard the columns which contain a zero binary.

Binary Decimal

128 64 32 16

1

0

8 2 1

0
1 1L

61

One's Place 1

Two's Place 0

Four's Place 4

Eight's Place 8
Sixteen's Place 0
Thirty Second Place 0
Sixty Fourth's Place 64

One Hundred Twenty Eight Place 0

77
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Hexidecimal

Hex allows the PC to display a larger number of binary combinations as a three column read-
out. The hex system uses sixteen unique characters (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F).
Letters A through F r' present the decimal numbers 10 through 15.

Binary

Decimal

a
Binary Decimal Hexidecimal

0000 0 0
0001 1 1

0010 2 2

0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7

1000 8 8
1001 9 9
101C 10 A
1011 11 B
1100 12 C
1101 13 D
1110 14 E

1111 15 F

(NOTE: Since a computer operates in binary, a coding system was developed to allow the deci-
mal numbers on thumbwheels and readouts to be used by a PC. It is called "Binary Coded
Decimal" or "BCD".)

0 :0 .) i
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Convert the following as indicated.

A. Decimal 078 =

_ _ _ _ ____ _ _ _ _ ____ __ BCD

B. Decimal 493 =

- - --- ____ _ ____ _ BCD

C. Decimal 206 =

____ _ _ _ ____ _ _._ _ _ _ _ ..._ BCD

D. Decimal 851 =

____ ___ ___ ____ _ ____ _ ____ _ BCD

E. 0101.0001-0110 BCD =

_ Decimal

F 0011-1001-0010 BCD =

Decimal

G. 0010.1000-0111 BCD =

__ _ Decimal

H. 1010-1001 1111 BCD =

___ _ Hex

I. 0111-1101.1100 BCD =

J. 0110-0101-1011 BCD =

j ate
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UNIT XV

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

A. 1

B. 3
C. 4
D. 2

Assignment Sheet #2

A. 0000-0111-1000
B. 0100-1001-0011
C. 0010-0000-0110
r 1000-0101-0001
E. 516
F 392
G. 287
H. A9F
I. 7DC
J. 65B

CIW 731



PROGRAMMABLE CONTROLS
UNIT XV

TEST

NAME SCORE

1. Match the terms on the right with their correct definitions.

a A logic element in a PC user program which 1. Analog signal
is used to simulate the operation of electro-
mechanical counters 2. Counter

b A two-state reference in the user program 3. Discrete
which can be either on or off

4. Fiber optics
c A system which contains digital switching

functions, circuits, or devices 5. Input

d A signal which provides the controller infor- 6. Logic
mation about the system; can be discrete,
numeric, or analog 7. Networking

e A device designed to allow inserting, moni- 8. Outputs
toring, and editing a user program in the P.C.

9. Programmer
f A signal which varies proportionally with

some aspect of the environment; the signal 10. Programmable con-
from a pressure transducer which varies troller
with the amount of pressure being applied

g A signal coming from the controller to field
devices; can be liscrete, numeric, or analog

h A solid state control system which contains
a user programmable memory for the stor-
age of instruction to perform specific func-
tions in an operation

i Transfer of discrete signals through glass
fibers with light

J Tie in of multiple PCs to communicate with
each other in the performance of a process

660
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TEST

2. Select from the following list programmable controller functions by placing an "X" in
the banks preceding the correct functions.

a The control of dangerous devices or devices in a dangerous environment

b To eliminate the need for retraining employees

c. To facilitate the change of a process at minimum expense and down time

d The performance of arithmetic operations which might be required for con-
trolling certain operations

e. In order to facilitate 24-hour production of a product

f. Fault locating, alarming, and regulation of devices which rarely need
attention

3. List the three stages necessary to control a process.

a.

b.

c.

4. Identify the following input devices.

a.



c.

e.

5. Identify the foliowing output devices.

TEST

d.

CIW-735
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TEST

6. Identify the components of the programmable controller shown below.

a.

a. b.

miummini
mom Ems

It

c.

CIW-737

b.

d.

7. Complete the following statements concerning states of contacts by inserting the word
which best completes each statement.

a. Normally closed contact will be closed and passing power when it is

b. A normally open c. (tact will be open and not passing power when it is

c. When contacts change to the opposite state from their normal
state.

8. Name three types of I/O modules.

a.

b.

c.

6R4
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T EST

9. Identify the parts of the optical coupler shown below.

DC
Signal r

I
from I

PC

b.

AC to
Field Device

a.

a. b.

c.

10. Identify the basic PC ladder logic symbols shown below.

ummml

.Emmm< )61.11m gimmm<Da."mmal

ons

d.
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TEST

11. Explain why a stop button is wired normally closed.

12. List the basic numbering systems used in programmable controls.

a.

b.

c.

(NOTE: If the following activities have not been accomplished. prior to the test, ask your
Instructor when they should be completed.)

13. Match I/O devices with their functions. (Assignment Sheet #1)

14. Convert between numbering systems. (Assignment Sheet #2)

6 R 6
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PRArIRAMIVIABLE CONTROLS
UNIT XV

ANSWERS TO TEST

a. 2 e. 9 i. 4
b. 3 f. 1 1. 7
c. 6 g. 8
d. 5 h. 10

2. a, c, d. f

3. a. Inputs
b. Logic
c. Outputs

4. a. Limit switches
b. Proximity
c. Fiber optic probe
d. Thumbwheels
e. Push buttons

5 a. Motor starters
b. Contactors and relays
c. Counters

6. a. Controller
b. Input modules
c. Outputs
d. Programmer

7. a. Inactive
b. Inactive
c. Active

8. a. Discrete
b. Numerical
c. Analog

9. a. Optical coupler
b. Triac
c. Gate

6E7
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ANSWERS TO TEST

10. a. Normally open (examine on)
b. Normally closed (examine off)
c. Normal output coils
d. Latched output coils

11. The N/C input is passing power to the I/O module. Sensing this voltage, the I/O sends an
on signal to the controller.

12. a. Decimal
b. Binary
c. Hexidecimal

13.-14. Evaluated to the satisfaction of the instructor
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SCENARIOS
SPECIAL SUPPLEMENT

SUGGESTIONS TO THE INSTRUCTOR

The following scenarios are designed to develop in the student the critical thinking skills nec-
essary to make competent judgments based on available data or information. The problems
provided in these scenarios will encompass most of the skills learned in the commercial and
industrial wiring curriculum. Application of these problems should also develop skills in work
ethics and give the student a basic understanding of the economics of the electrical industry.
The student should also show marked improvement in communication skills and trade related
mathematics.

1. Two-wire control applications

2. Timed operation applications

3. Reversing applications

4. Oil field applications

5. Reversing alternative applications

6. Limitation of movement applications

7. Back spin protection applications

8. Hazardous mixing applications

9. Sequential starting applications

10. Sequential shutdown applications

In order to implement the above scenarios, the instructor should provide:

1. Electrical labor units manual

2. Electrical supply catalogs

3. Pricing books

4. Overhead and markup multipliers (based on local prices)

5. Varied motor control components

It is also suggested that the instructor review the scenarios and construct work stations for
each problem. The work stations should have all starters, motors and raceways installed. The
student should be required to determine appropriate control devices as well as conductor size
and overcurrent and overload protection. Many of the problems require a hid or price figure.
Assist each student with the basics of pricing, overhead, and markup.

6R9
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SUGGESTIONS TO THE INSTRUCTOR

Each scenario problem will require a technical report. A detailed explanation of tne sequence
of operation of the circuit should be included. It should be referenced to the ladderdiagram.
Any additional, pertinent information should also be included, ie. why a particular NEMA type
of enclosure is necessary.

The problems will increase in the difficulty as the student progresses through the supplement.
The student should be encouraged to perform any necessary research on hislher own. YOU!
role should change from instructor to technical consultant/evaluator.

No answer sheets have been provided for these scenarios due to the varied methods of prob-
lem solving
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SCENARIOS
SPECIAL SUPPLEMENT

SUGGESTIONS TO THE STUDENT

All of the scenarios presented in this supplement are real situations. You will be required to

apply all of the knowledge you have gained to this point. Many of the problems provided in
these scenarios will require some research in solving the design aspect of the problem. Use
the resource materials which are available as well as your imagination. You are encouraged to

create your own solutions. Do not depend on anyone for assistance except your instructor
Remember, when you begin working in the field you may be required to solve similar problems.

Problems may include bids or a material list. Remember, the .ctrical market is highly com-

petitive. You must not "gold plate" a job. Your solution should conform to current NEC and

industry standakds. Safety and the customer should always be of the upmost importance.

Scenario: included in this supplement include:

1. Two-wire cortrol applications

2. Timed operation applications

3. Reversing applications

4. Oil field applications

5. Reversing _Iternative applications

6. Limitation of movement applications

7. Back spin protection applications

8. Hazardous mixing applications

9. Sequential starting applications

10. Sequential shutdown applications

Each of the scenarios listed above will require a technical report as part of the problem solv-
ing process. The report should include a detailed explanation of the operation of the circuit

and should be referenced to your ladder diagram. In addition, include any other pertinent infor-
mation such as why a particular NEMA type of enclosure was chosen.

All calculations must also be included in the report. These should include voltage drop calcu-

lations, branch circuit sizing, and overcurrent protection.

671
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SUGGESTONS TO THE STUDENT

When determining the material list, be sure you include all necessary materials such as:

1. Starter (size and type)

2. Overload heaters

3. Disconnect (size and type)

4. Fuses

5. Conduit

6. Connectors and couplings

7. Liquidtight

8. Flex

9. Junction boxes and covers

10. Screws

11. Straps

12. Etc.

1,--1 1..4 .%

I.) i ,C.',



CIW-747

SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #1 - TWO WIRE CONTROL

NAME SCORE

PART I: Evaluation

It is important that your drawing and written reports are of the highest quality. These Items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
Included in the report.

Circuit Design 30 Pts.
Conformity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time Instructor's Initials

Completion Time Instructor's Initials

Possibly Pts. Pts. Deducted/Reason Pts. Earned/Comments

Design

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total

673
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SCENARIO #1

PART II: Problem

A trucking company with an extremely large loading dock has a problem with standing water
after every heavy rain. The area where the trucks back in has been excavated to a depth of 5.5
feet beiow the street level. Since this is below the level of the city storm sewer it is impossible
to drain the area with gravity. A plumbing company has installed two lift pumps to force the
water uphill to drain it to the sewer.

One pump is 160 feet from the panel, the other is 240 feet from the panel. Both motors are 3/4
HP 240V 30 squirrel cage units. It will be necessary to operate the controls by float switches
located in sumps.

This job will be done on a cost-plus basis. You will need a complete material list for billing pur-
poses.

TIME LIMIT

1i .1

13 Li



SCENARIO #1

ELECTRICAL PRICING SHEET

JOB

WORK

ESTIMATE NO

CIW-749

SHEET OF
NO. SHEETS

=11111111111,

ESTIMATED BY PRICED BY EXTEWPCO BY CHECKED BY DATE

r MATERIAL OUANTITY MATERIAL PRICE PER
MATERIAL
EXTENSION

LABOR UNIT PER
LABOR

EXTENSION

2

3

4

5

6

7
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9
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CIW-751

SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #2 - TIMED OPERATION

NAME SCORE

PART I: Evaluation

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
included in the report.

Circuit Dm do 30 Pts.
Conformity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time Instructor's Initials

Completion Time Instructor's Initials

Possible Pts. Pts. Deducted/Reason Pis. Earned/Comments

Design 30

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total

677



SCENARIO #2

PART II: Problem

A chemical company has contracted your firm to install a control system to operate a mixing
pump. The pump must run for 1 hour, then shut down for 1 hour. This cycle must continue 24
hours a day. There must also be a means of turning the pump on manually, and a way to turn it
off for tank cleaning. The mixing pump is a 7.5 HP, 240 volt, 34 unit. It is located 475 feet from
the distribution panel. The chemicals held in the tank are non-corrosive, non-explosive mix-
tures. The tank is located in the main building. The building is a steel structure.

This job will be billed cost-plus. You will be required to make a complete material list and price
(your cost) each item.

TIME LIMIT

67



SCENARIO #2

ELECTRICAL PRICING SHEET

JOB

WORK

CIW-753

ESTIMATE NO.

SHLF1
NO SHEETS

ESTIMATED BY PRICED BY EXTENDED BY CHECKED BY DATE

.. MATERIAL QUANTITY MATERIAL PRICE PER
MATERIA L

EXTENSION
LABOR UNIT PER

LABOR

EXTENSION

1

2

3

4

5

6

7

8

9

10
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12
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10

15

16

17
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24

LABOR
Totals This Sheet Transferred To Recap %/INITIAL . {--- MATERIAL Pei
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CIW-755

SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #3 - REVERSING APPLICATIONS

NAME SCORE

PART I: Evaluation

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
included in the report.

Circuit Design 30 Pts.
Conformity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time Instructor's Initials

Completion Time Instructor's Initials

Possible Pts. Pts. ieducted/Reason Pts. Earned /Comments

Design 30

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total



756

SCENARIO #3

PART II: Problem

A call has just come into the dispatcher of your electrical contracting firm. The customer has
requested that you install a control to reverse the rotation of a large fan located in the gable
end of his automotive repair shop. It will be used to exhaust fumes, and to bring in fresh air.
The customer wants two control stations, one located directly below the fan, the other in the
office. The fan motor is a 30, 3 HP 208 volt unit. The owner has requested that you prepare a
proposed cost figure before doing the Job. He has furnished you with a rough drawing of his
building for bidding purposes. The building is a wooden structure, no ceilings in the shop area,
and the interior walls of the shop are covered with 1/2" plywood. The fan is 17 feet above the
floor.

TIME LIMIT



SCENARIO #3

ELECTRICAL PRICING SHEET

JOB

WORK

CIW-757

ESTIMATE NO

SHED
NO

OF
SHEETS

ESTIMATED BY PRICED BY EXTENDED BY CHECKED BY DATE

...

... MATERIAL QUANTITY MATERIAL PRICE PER
MATERIAL

EXTENSION
LABOR UNIT PER

LABOR
EXTENSION
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CIW759

0 SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #4 - OIL FIELD APPLICATIONS

NAME SCORE

PART I: Evaluation

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
included in the report.

Circuit Design 30 Pts.
Conformity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time Instructor's Initials

Completion Time Instructor's Initials

Possible Pts. Pts. Deducted/Reason Pts. Earned/Comments

Design 30

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total

687



760

grIFNARIn AM

PART II: Problem

Wildcat Oil Company, a steady customer, has requested that you install a 480 volt, 5 HP, 30
motor on a small pumping unit. This job will include the complete rebuilding and rewiring of a
Cutler Hammer Pump Panel. Remember, when wiring a pump jack it is necessary to ground
your equipment at the wellhead to eliminate any difference of potential. The job will not
require a material list, however, your technical report must list the overload and overcurrent
protection requirements.

TIME LIMIT

6Ss



SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #5 - REVEIISING ALTERNATIVES

NAME SCORE

PART I: Evaluation

CIW-761

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
included in the report.

Circuit Design 30 Pts.
Confomity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time Instructor's Initials

Completion Time Instructor's Initials

Possible Pts. Pts. Deducted/Reason Pts. Earned/Comments

Design

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total

689



762

SCENARi0 #5

PART II: Problem

A meat processing plant has an overhead chain conveyor used to transport halves of beef
from the cutting room to the cooler. Occasionally it is necessary to run the conveyor in
reverse. Since this happens only a few times a month the owner does riot want to go to the
expense of installing a reversing starter. A drum switch would be the perfect alternative. The
conveyor already has a motor starter and a start/stop station in place. Your job is to install the
drum switch to reverse the motor. It will be necessary to check the overcurrent and overload
protective devices to assure they are of the proper size. This job is cost plus so you must list
all materials used as well es hours on the job.

TIME LIMIT

6 ',4 i )
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ELECTRICAL PRICING SHEET

CIW-763

ESTIMATE NO

SHEET OF
NO SHEETS_

ESTIMATED BY PRICED BY EXTENDEO BY CHECKEO BY

1

DATE

MATERIAL QUANTITY MATERIAL PRICE PER
MATERIAL

EXTENSION
LABOR UNIT PER

LABOR

EXTENSION
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SCENARIO #5
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NAME

SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #6 - LIMITATION OF MOVEMENT

PART Evaluation

SCORE

CIW-765

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
included in the report.

Circuit Design 30 Pts.
Conformity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time Instructor's Initials

Completion Time Instructor's Initials

Possible Pts. Pts. Deducted/Reason Pts. Earned/Comments

Design 30

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total

6c3
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SCENARIO #6

PART 11: Problem

711-.

A welding shop has just gotten a contract to build pressure vessels. Since these items are so
large, it has become necessary to cut a larger door in the side of their metal building. The door
is so large that it is impossible to use an overhead door. This one will run on a track and slide
along the wall. Your job is to install the electrical power and control circuits. You will be com-
peting for the job with several other electrical contractors. You visit the shop and make a
sketch of the building, panel location, and door location. This sketch will be used for bidding
purposes.

You must install limit switches to limit the travel of the door when opening or closing. Remem-
ber, when the door is open fully and against the limit switch, you must be able to close it or
vise versa.

TIME LIMIT

6 4



SCENARIO #6

ELECTRICAL PRICING SHEET

JOB
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CIW-767

ESTIMATE NO.

SHEET
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SHEETS
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CIW -7c39

SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #7 - BACK SPIN PROTECTION

NAME SCORE

PART I: Evaluation

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
included in the report.

Circuit Design 30 Pts.
Conformity to Code 25 Pts.
Workme'vAlp 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time instructor's Initials

Completion Time Instructor's Initials

Possible Pts. Pts. Deducted/Reason Pts. Earned/Comments

Design 30

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total



SCENARIO #7

PART II: Problem

You have been contacted by the city water department. it seems as if they have come across a
problem that is typical of submerged pumps in deep wells. When the water pressure in the
tank is to a point to slim- the "down hole" pump to shut down, the water begins to flow back
down the hole forcing The pump's impeller to spin in reverse. If the pressure drops to a point to
call for the pump to start ..Althie this "backspin" is in progress, the pump motor can be severely
damaged.

Your Job is to correct this problem using your knowledge of motor controls and time delay sys-
tems. The pump motor is a 100 HP, 480 volt, 3 phase unit. Upon arrival at the job site you dis-
cover that the motor starter is too small. The director of the water department approves a work
order to change the starter while the pump is out of operation.

The conductors feeding the starter and the motor are of the proper size. The existing controls
consist of a murphy switch at the top of the tank, to shut the pump down and a murphy switch
at the bottc.r of the tank to start the pump. (See attached drawings.)

You will be competing with several contractors for the Job so a bid will be necessary.

TIME LIMIT

699
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SCENARIO #7

ELECTRICAL PRICING SHEET

JOB

WORK

NO.

ESTIMATE NO.

SHEET OF
SHEETS
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SCENARIO #7

Existing Controls
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rAW-773

SCENARiOS
SPECIAL SUPPLEMENT

SCENARIO #8 - HAZARDOUS MIXING

NAME SCORE

PART I: Evaluation

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
Included in the report.

Circuit Design 30 Pts.
Conformity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time Instructor's Initials

Completion Time Instructor's Initials

Possible Pts. Pts. Deducted/Reason Pts. Earned/Comments

Design 30

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total

702
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SCENARIO #8

PART II: Problem

A chemical tank farm has requested you to design and build a delay system for its 3 inch main
pump. The pump is used to load trucks (in CW rotation), and to unload trucks (in CCW rota-
tion). In order to avoid any "back-spin" damage to the motor, you have been asked to design
and build a system to delay the start of the motor in either direction, after the stop button has
been depressed.

The pump arid controls existing are:

2-forward/reverse/stop stations
1-3 phase reversing square "D" starter
You must also add a pilot light to indicate the system is running.

Include a complete material list of the necessary items to complete the job.

TIME LIMIT

703



SCENARi0 #8

ELECTRICAL PRICING SHEET

JOB

WORK

CIW-775
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SHEET
NO

OF
SHEETS
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CIW-777

SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #9 - SEQUENTIAL STARTING

NAME SCORE

PART I: Evaluation

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations must be
included in the report.

Circuit Design 30 Pts.
Conformity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report -- 100 Pts.

Start Time Instructor's Initials

Completion Time Instructor's ' 'tials

Possible Pts. Pts. Deducted/Reason Pts. Earned/Comments

Design 30

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total

707



778

SCENARIO #9

PART II: Problem

A small aluminum processing company has asked you to install a start-up system in their
plant that will allow for an orderly start-up of all equipment in a timed sequential order. As an
electrician you welcome the opportunity for such a challenge. There are seven (7) pieces of
equipment that must be included in the start-up.

1. Feed conveyor
2. Shaker #1
3. Grinder
4. Shaker #2
5. Process conveyor #1
6. Process conveyor #2
7. Waste conveyor

Upon actuation of the start button the feed conveyor will immediately start. A red light will
come on to warn all personnel.

One minute later Shaker 01 and #2 will start.

Forty seconds later the grinder will start.

One minute later the process conveyors will start.

Thirty seconds later the waste conveyor will start.

When the stop button is depressed all systems will stop. When all systems have ceased to
operate an alarm will sound for fifteen seconds.

Please design a ladder diagram of your control system and submit it with your written report
to your instructor for approval before constructing the control system.

TIME LIMIT

70S



SCENARIOS
SPECIAL SUPPLEMENT

SCENARIO #10 - SEQUENTIAL SHUTDOWN

-------ICIW-779

NAME SCORE

PART I: Evaluation

It is important that your drawing and written reports are of the highest quality. These items will
be returned to you for inclusion in a portfolio upon graduation. All calculations mwt be
included in the report.

Circuit Design 30 Pts.
Conformity to Code 25 Pts.
Workmanship 20 Pts.
Time 25 Pts.
Technical Report 100 Pts.

Start Time Instructor's Initials

Completion Time instructor's Initials

Possible Pts. Pts. Deducted/Reason Pts. Earned/Comments

Design 30

Code 25

Workmanship 20

Time 25

Total Pts.
Earned

Technical
Report 100

Total
Report Pts.
Earned

Grand
Total

7()9
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SCENARIO #10

PART II: Problem

In Problem #9 you designed and built a system for a timed sequential start-up of an alumi-
num processing plant. In almost all cases, if a timed sequential start-up is required, a time
sequential shut-down is also necessary. Consider the following:

DEPRESS START
1. Waste conveyors start 30 second delay
2. Process conveyor 2 starts 30 second delay
3. Process conveyor 1 start 30 second delay
4. Shaker 2 starts 1 minute delay
5. Grinder star is 1 minute delay
6. Shaker 1 starts 45 seconds delay
7. Feed conveyor starts

DEPRESS STOP
1. Red pilot light energizes and feed conveyors stop 1 minute delay
2. Shakers 1 and 2 shut down 40 second delay
3. Grinder shuts down 1 minute delay
4. Process conveyors shut down 30 second delay
5. Waste conveyors shut down and alarm sounds for 15 seconds.

Please complete the ladder diagram of your system with your written explanation and submit
these to your instructor for approval before building the system.

J


