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Department of Parks and Recreation
William Penn Mott Jr. Training Center

Employee Attendance at Formal Training
Advanced Electrical Skills Group 11

An employee from your office will soon be attending the formal training program described in
the attached. Please insure that the employee is fully prepared to attend the session and that
the groundwork is laid for the employee’s implementation of the training upon returning to
work.

You can assist with capturing the full value of the training by taking the following steps:

Prior to Training

1. Make sure that specific employee needs are identified and, if necessary, called
immediately to the attention of the Training Coordinator.

2. Review with the employee the reason for the employee’s attendance.

3. Review objectives and agenda with the employee.

4. Discuss objectives and performance expected after the training.

Immediately Following Attendance

1. Discuss what was learned and intended uses of the training.

2. Review the employee’s assessment of the training program for its impact at the workplace
and review the due date of the Post-Training Evaluation form.

3. Support the employee's use of the training at the work place.

Prior to Three Months Following Training

1. Employee after discussion with the supervisor login to the Employee Training
Management System (ETMS) to complete the Post-Training Evaluation form.

2. Supervisor evaluates the effectiveness of the training on the employee’s job performance
and login to the ETMS to complete the Training Effectiveness Assessment form.

Thank you for your assistance in seeing that the full benefit of training is realized.

_\ﬁfaw Wl bl o

Tina L. Williams
Department Training Officer

Attachment

cc: Participant
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/ THE MISSION

of the California Department of Parks and Recreation is to provide for the

health, inspiration and education of the people of California by helping to

preserve the state’s extraordinary biological diversity, protecting its most

valued natural and cultural resources, and creating opportunities for high
quality outdoor recreation.

o

FORMAL TRAINING GUIDELINES
Welcome to formal training, an essential component in your career development.

J

Since 1969, our Department has been providing a continuously changing number of
diverse training programs at its main training facility, the William Penn Mott Jr. Training
Center, and other locations including Marconi Conference Center and, most recently,
the Two Rivers Training Facility in Sacramento. The Department strives to enhance
your learning and job performance with formal training of the highest quality.

Our Department’s dedication to training is only one aspect of its commitment to you and
to the public. This commitment is costly and represents an important investment in you
and your career. You and the Department realize a return on that investment by your
positive participation in formal training itself and post training follow-through.

The program you will be participating in is described in this training syllabus, which
outlines what you can expect from this training and what is expected of you. This
syllabus details what you should do before you leave for training; what to do when you
arrive; what you will be doing while in training; and, importantly, what you should be able
to do when you return to your work site. Specifically:

1. SYLLABUS: The syllabus is now accessible on the Employee Training
Management System (ETMS). You should print a copy of the syllabus to bring
with you to class. Your copy of this syllabus is an important part of your training
experience and should be brought with you to training. Read it before you arrive
and review it following the program along with material you received at training.

2.  PRE-TRAINING ASSIGNMENTS: Your completion of pre-training assignments is
essential to the success of your training. You are responsible for all reading
assignments in preparation for classroom sessions. Time will be provided during
working hours to accomplish any assignments which involve either individual or
group efforts and resources. (Pre-training assignments are listed in the "Training
Attendance Requirements” section.)

3. TRAVEL: Arrange your travel to and from the training through your District or
Office. (No reimbursement for travel expense - including per diem costs - will be
approved for travel not specifically authorized in advance by the District

4/6/2009 1



Superintendent.) Individuals may claim reimbursement for incidental expenses
incurred as outlined in DAM 0410.6. The Training Center does not have the
capability to provide transportation to/from Monterey Airport.

The cost of your travel (air fair, mileage, rental car, etc.) is paid by your District or
Office to and from the location of the training.

4. HOUSING: Housing will be assigned to you on a shared-room basis and will be
available from 3:00 p.m. on the date of arrival to 12:00 noon on the date of
departure. The Department provides your room and board expenses at the
Training Center only. No per diem allowance will be authorized for living off-
grounds. This does not preclude living off-grounds at your own expense. Please
advise the Department Training Officer no later than one week before your
scheduled arrival if you plan to live off-grounds. No animals are permitted in
Asilomar housing. In the event of an emergency, staff must know your room
assignment; therefore, you may not switch rooms without staff approval. Overnight
guests are not allowed in the buildings unless registered beforehand at the front
desk in Asilomar's Administration Building. Quiet hour for lodge living areas is
10:00 p.m.

Please Note: You may be assigned a room at a motel while attending
training. If so you may be asked to present a valid credit or debit card while
checking in to your room. Many motels require a credit card to cover
charges incurred such as telephone calls, damages to rooms and/or
furnishings, fees to clean rooms that have been smoked in that are not
designated as smoking rooms, etc. Please be prepared to handle this
appropriately.

5. HOUSING CANCELLATION POLICY: If you do not need lodging or must
change or cancel your reservation, you must contact the Training Center at
least 72 hours prior to your date of arrival. Lodging, registration and
associated fees will be charged to the employee’s District or Office if a
training cancellation is received with less than 72 hours notice.

The Training Center is committed to ensuring that the reservation that has
been made for you is accurate and needed.

6. OFF-GROUNDS ACCOMMODATIONS: When authorized to stay off-grounds by
the Department Training Officer, the Training Center will pickup the cost of your
room and meals at the current DPR Asilomar rate. If you stay off grounds and
have meals on grounds, the Training Center will authorize only what the
Department pays Asilomar for lodging.

7. MEALS: Meals will be provided, semi-cafeteria style, from dinner on the date of

arrival through lunch on the date of departure. Meals will be served at 7:15 a.m.
for breakfast, 12:00 noon for lunch, and 6:00 p.m. for dinner. Hot or box lunches
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10.

11.

12.

13.

may be provided on some days. If you require a special diet, notify the Asilomar
Chef at 831-372-8016 no later than one week before your scheduled arrival.

In order to assist participants with limited mobility, Asilomar provides a shuttle to
and from the dining hall. Please contact either Asilomar staff upon check in, or
Training Center staff upon your arrival, for instructions on arranging a transport.

CLOTHING: Field uniforms as found in “Description of Required Field Uniforms”,
DOM Chapter 2300, Uniform Handbooks, not including optional items, will be worn
daily by all uniformed employees during formal training sessions unless
otherwise specified in_the Program Attendance Checklist. Non-uniformed
employees shall wear professional business attire.

Because we are on the conference grounds with many other groups, and the
image we project as State Park employees is important not only during working
hours but off duty hours as well, your informal sportswear should be appropriate.

ROOM SAFES: Two safes have been installed in each of the lodge rooms used
by the Training Center (Live Oak, Tree Tops, and Deer Lodge). These safes are a
type that allows the user to input their own combination of numbers to facilitate
opening and closing. The Training Center has a master key for emergency entry.
Safes are to be left in the open position when checking out of your room.

WEAPONS: Weapons are permitted in rooms under the following conditions.
Authorized firearms and magazines stored while at the Training Center shall be in
a safe condition and stored in one of the following locations: your room safe in
Live Oak, Tree Tops, or Deer Lodge, one of the Training Center’'s safes in the
Whitehead Room or secured in your vehicle.

ALCOHOLIC BEVERAGES: Participants shall not possess or consume alcoholic
beverages in common areas (living room) while on the Asilomar Conference
Grounds unless provided and hosted by Concessionaire Delaware North.

SMOKING: Smoking is not permitted in the Training Center or in any lodge or
guest room on the Asilomar Conference Grounds.

TRAINING CENTER: The Training Center is located on Asilomar Conference
Grounds, part of Asilomar State Beach. The Conference Grounds are operated for
our Department by a concessionaire, and all lodging and food services are
provided to us by employees of the concessionaire. Constant efforts are made to
maintain a sound, harmonious working relationship between the Department and
concessionaire. None of us can expect preferential treatment for any reason and,
as a departmental employee; you will be expected to join in our continuing effort
toward an effective relationship with each Asilomar concession staff member. On
occasion, non-departmental groups may be staying in the same lodges. It is
imperative that you represent the Department well on and off duty.
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14.

15.

16.

17.

18.

19.

20.

REGISTRATION: When you arrive at Asilomar Conference Grounds, go directly to
the front desk at the Asilomar Administration Building for your room key and dining
room ticket. If you require vegetarian meals, notify the front desk representative
and your meal ticket will be marked accordingly.

COURSE LEADERS: The formal training you will attend is developed and, for the
most part, conducted by experienced State Park employees in field and staff
positions. Some courses will be conducted by qualified instructors from other
agencies and educational institutions. Your course leaders have proven their
ability and knowledge in their profession, and provide a level of expertise difficult to
match.

TRAINING CENTER STAFF: A Training Center staff member has been assigned
responsibility for your training group as well as for your training program. That staff
member usually serves as a Course Leader as well as a Coordinator. During the
program, you may be asked to assist Training Center staff in the logistics of your
training program (organizing field trip transportation, supervising classroom breaks,
etc.). Center staff will do all within their power to make your training experience
pleasant and meaningful.

TRAINING MATERIALS: May be made available to you at both your unit and the
Training Center. Handout materials issued at your unit should be brought to
training for possible use. A conference binder or notebook will be issued to you at
the training session for note taking and convenience in handling materials. Copies
of DAM and DOM will be available to you for self-study. Bring your own pens and
pencils.

ATTENDANCE: Regular attendance is a critical course requirement and your
participation is important to the success of this training. All absences, except those
of an emergency nature, must be approved in advance by the Training Specialist.

COLLEGE CREDIT: Most training programs are accredited by Monterey
Peninsula College for lower division credit. If you successfully complete an
accredited program, you will receive either a letter grade or a credit/no-credit
designation.

MPC STUDENT ID: If you have filled out an MPC application before, you
have already been issued a student ID number to use in lieu of your SSN on
future applications. You can obtain your MPC ID number by going to their
secure website and providing your SSN number (no name required) and
birthdate.

https://autobahn.mpc.edu/scripts/autobahn.exe/Execute? Application=WebRe
a&Program=REPORT-SR-FIND-SSN

Newcomers to training will still need to provide their SSN on the first MPC
application only, after which a student ID number will be assigned and
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21.

22.

23.

24,

25.

26.

27.

28.

29.

available at the web address above within a few weeks of the program’s
conclusion. You can store your MPC ID numbers in your ETMS Profile for
future reference.

VEHICLES: All vehicles should be parked in the lots adjacent to the Training
Center. Any questions regarding use of a State vehicle while at the Training
Center should be discussed with your supervisor prior to your departure for
training, or with your Program Coordinator while at the Training Center.

BICYCLES: |If you bring your bicycle, store it in the bicycle shed next to the
Training Center. Bicycles may not be brought into any building nor chained to
lamp posts, trees, etc. The Training Center has a limited number of bicycles
available for your use. Prior to your use, you are required to complete a safety
inspection and sign a waiver which is posted in the bicycle shed.

MAIL: Mail forwarded to you during your time at the Center should be addressed
to you in care of:
Department of Parks and Recreation
WILLIAM PENN MOTT JR. TRAINING CENTER
P. O. Box 699, Pacific Grove, CA 93950

CELL PHONES: As a courtesy to your fellow participants and course leaders
ensure that your cell phone is turned off during classes. Participants should not be
receiving or making cell phone calls during class time. Please limit those calls to
your breaks.

FAX: The Training Center's FAX number is (831) 649-2824.

TELEPHONE: Limit phone calls during classroom hours to urgent business or
emergencies. Anyone wishing to contact you by telephone during working hours
should call the Center at (831) 649-2954. Calls after 5:00 p.m. or during weekends
should be made to (831) 372-8016, Asilomar Conference Grounds, and the caller
should tell the switchboard operator you are with a Department of Parks and
Recreations training group. Please Note: There are no longer pay telephones
outside of the Training Center. There are pay telephones located at the
Asilomar Administration Building.

LAUNDRY AND DRY CLEANING: May be taken care of by you at one of several
local establishments.

RECREATION: Facilities available on grounds include a heated swimming pool,
ping-pong and pool tables, and a volleyball court. The Monterey area offers
horseback riding, golf, tennis, racquetball, deep sea fishing, and many historical
landmarks and scenic sights to explore.

POST-TRAINING ASSIGNMENTS: In connection with formal training are to be
completed under the direction of your supervisor. See "Program Attendance
Requirements" in this syllabus.
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30. COFFEE BREAK REFRESHMENTS: Will be available throughout each session at
the Center. You will be asked to contribute to the "Hospitality Fund” to defray
expenses. Please bring your own coffee cup.
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PROGRAM ATTENDANCE CHECKLIST

To assist you in your preparation for formal training session at the William Penn Mott Jr.
Training Center the following list is provided:

1. Read and understand the Advanced Electrical Skills Program Syllabus prior to your
arrival at the Training Center.

2. Complete the following pre-training assignment.

[ Discuss the Advanced Electrical Skills program with your supervisor. What
specific changes in your abilities and performance are expected to result from
attending this training? List these expectations along with your own on the
Advanced Electrical Skills Pre-Training Questionnaire.

O Return the Pre-Training Questionnaire to the Program Coordinator on the first
day of class, April 26, 2009.

O Complete the assignment in the Advanced Electrical Skills Workbook.
Instructions and worksheet will be reviewed and collected on the first day of
the training program.

O Review all materials received in Basic and Intermediate Electrical classes.

NOTE: Completion of the pre-training assignment is mandatory and with personal project
equipment will count for 20% of your program grade. If you have questions or
need help, call the Program Coordinator, Chuck Combs at (831) 649-7124 or
email chuck@parks.ca.gov.

3.  Remember to bring the following with you to training:
O Program syllabus and workbook.

O Ugly’'s Electrical Reference Booklet (2008 edition). If you don’t have one,
contact Chuck.

Personal safety equipment (head, eye and ear protection + |eather gloves).
Coveralls or appropriate work clothing.

In case of inclement weather, bring serviceable rain gear.

o a a d

Proper field uniform. See uniform handbook and note in formal training
guidelines 7.

a

If available, bring digital multimeter.

a

Coffee cup, alarm clock, pens, pencils.
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POST-TRAINING ASSIGNMENT

Prior to ninety days after the completion of this program, the employee and his/her
supervisor should sit down and discuss the impact and assess the effectiveness this
program has had on the employee. Then both the supervisor and employee should
login to the Employee Training Management System (ETMS) and complete the Post-
Training Evaluation form (an email will be sent to both employee and supervisor
notifying them that the evaluation needs to be completed). Once you login to the
ETMS, you will need to fill out the evaluation form before you will be able to do anything
else.

The post-training evaluation process is intended to provide a bridge between classroom
instruction and the on-the-job application of training. The information obtained through
this process will assist the training participant, supervisor, and Training Center in
providing a return on the investment the Department has on training.
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ADVANCED ELECTRICAL SKILLS GROUP 11 — Agenda — April 25-30, 2009

Saturday

April 25
1500-

Lead Instructor: Lawrence Ross
Assistant Program Coordinator: TBA

REGISTRATION: Check in at the Asilomar
Registration Building

All

Special Notice: This program will be conducted at the Mott Training Center Shop
Annex, 2211 Garden Road, Building C, Monterey, California. Vans are available to
transport you to and from the Shop Annex and will leave the Mott Training Center

promptly at 0800 daily and return by 1700.

Sunday

April 26

0830-0930
0930-1200
1200-1300
1300-1400
1400-1630

Monday
April 27
0830-1000
1000-1200
1200-1300
1300-1630

Tuesday
April 28
0830-1200
1200-1300
1300-1630

4/6/2009

Orientation/MPC Registration

Electrical Review: Basic and Intermediate Practices
Lunch

Project Overviews and Safety

Shop Applications: Workstation Construction and Projects

Transformers
Shop Projects
Lunch

Shop Projects

Shop Projects
Lunch
Shop Projects

Combs
Ross

Ross

Ross

Ross

Ross




ADVANCED ELECTRICAL SKILLS GROUP 11 — Agenda — April 25-30 2009

Lead Instructor: Lawrence Ross
Assistant Program Coordinator: TBA

Special Notice: This program will be conducted at the Mott Training Center Shop
Annex, 2211 Garden Road, Building C, Monterey, California. Vans are available to
transport you to and from the Shop Annex and will leave the Mott Training Center
promptly at 0800 daily and return by 1700.

Wednesday

April 29

0830-1200  Shop Projects Ross
1200-1300 Lunch

1300-1500  Shop Projects and Clean-up Ross
1500-1630 Test Review and Questions Ross
Thursday

April 30

0830-1000  Telecommunications, Networks and Alarms Ross
1000-1100  Final Examination Ross
1100-1130 Exam Review Ross
1130-1200 Program Summary and Evaluation Combs
1200- Lunch and Depart
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PROGRAM: ADVANCED ELECTRICAL SKILLS 36 HOURS

PROGRAM OUTLINE

Total

Hours
PROGRAM ORIENTATION AND OVERVIEW ....cooutiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeens 1.0
ELECTRICAL SYSTEMS ...ttt e e e e e 6.0
Residential 110/220 VOIt SyStemM REVIEW.........cccvviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee e
Commercial WIriNG COAES........ooouiiiiiii i e e e e e ettt e e e e e e e eeeannnn
Introduction to Poly Phase CirCUILS............ooviiiiiiiiiiiiiiiiiieeeceeeeeeeeeeeeeeeeeeeeeeeeee e
(@] (ol U1 1T o o USRS
ELECTRICAL WIRING ....citttiiiiiiiiiiiiee ettt ettt ettt ettt e e e e e e e e e e e e e e e eeeeeeeeees 20.0
100
Y F= LT = P
Commercial Wiring TECNNIQUES........uuuiiiiiiiiiiiiiii s
Motors, Motor Controls and TranSfOrMErS...........cuuvvviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee
Telephone and DC CirCUILS ......oooeiiiiieeeeeee e
LI (18] o] =2 g T Lo ] 1] o TSRS
Practical Performance EValUation .............coooeviuiiiiiiiiiieiccceiiicis e et eeeeeeenens
RELATED SUBJIECTS ..o iiiiiiiiiiiiiiieeeee ettt ettt e e e e e e e e e e e e e e e e e eeeaeeeeeaeeeeeeeeeeeeeeeees 8.5
Y= (] Y/ PR
Inspections and Preventative MaintenNanCe..............covvviviiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee
=T 0 1T F= Ao ] SRR PPPPPPPPPPPPI
Material Storage and CleaN-UP .........ccoeviiiiiiiiiiiiiiiiiiiiieeeeeeeeeee et
PROGRAM EVALUATION ..oiiiiiiiiiiieeeee ettt ettt et e eeeaeeeaeaaaaeaeeeseseesessaeannneeenes 0.5

Total Hours 36
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ADVANCED ELECTRICAL SKILLS

PROGRAM ORIENTATION

Purpose: Participants will meet one another and the program coordinator and facilitator.
The group will share expectations for the training program. In addition, program content
will be reviewed and registration for Monterey Peninsula College completed.

Performance Objectives: By the close of the session the participant will

1. Review program content, procedure and evaluation processes.
2. Share and record expectations with the group participants.
3. Complete Monterey Peninsula College registration materials.

4. Adhere to all Training Center guidelines.

DEVELOPING ELECTRICAL SYSTEMS

Purpose: Develop the participant’s ability to plan and construct single and poly phase
commercial electrical systems.

Performance Objectives: By the close of the session the participant will

1. Demonstrate knowledge and understanding of the National Electric Code,
California Administrative Code and Cal OSHA requirements for public use
buildings, shops and other industrial or commercial electrical installations.

2. ldentify single phase, 3 phase WYE, and 3 phase Delta electrical systems.

3. Demonstrate ability to design and construct single and poly phase electrical

systems.

WIRING COMMERCIAL ELECTRICAL SYSTEMS

Purpose: Provide participants with a working knowledge of single, poly phase electrical
systems, and system components.

Performance Objectives: By the close of the session the participant will

1. Recognize and maintain phasing in 3 phase systems.

2. ldentify panels, breakers, motor starters and different wire sizes associated with
single and poly phase systems.
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3. Layout and install feeder and control circuitry

ELECTRICAL SYSTEMS INSPECTION

Purpose: Provide the participant with the knowledge and skills required to inspect and
perform periodic preventative maintenance on single and poly phase electrical systems
and system components.

Performance Objectives: By the close of the session the participant will

1. Identify voltage and amperage of systems and components.
2. Inspect for worn contacts, corrosion, loose connections and broken components.
3. Manually test control circuits to verify proper operation.

4. Check for power quality in single and 3 phase systems.

ELECTRICAL SYSTEMS TROUBLESHOOTING

Purpose: The participant will develop the ability to troubleshoot common problems in
single, poly phase electrical systems, and system components.

Performance Objectives: By the close of the session the participant will

1. Demonstrate the operation of systems and components to verify order of functions
(logical progression).

2. Identify a problem by listening to the operator of the equipment (what the
equipment is or is not doing).

3. Review what will occur when various components of a system do not function.
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MOTORS AND MOTOR CONTROLS

Purpose: Upon completion of this course, participants will have a working knowledge of
the operation and maintenance of common types of motor control equipment.

Performance Objectives: By the close of the session the participant will

1. Demonstrate how electric motors function and be familiar with the components of
electric motors.

2. List the maintenance required for longevity and efficient operation of motors.
3. Restate the function and operation of motor controls.
4. Recognize the skills needed for troubleshooting and maintaining existing

equipment and electrical systems.

RELATED TOPICS

Purpose: To develop an understanding of test equipment, specialty circuits and devices
that the Park Maintenance Worker may be required to use and or repair.

Performance Objectives: By the close of the session the participant will

1. Employ a working knowledge of electrical test equipment commonly used in the
electrical trade.

2. Demonstrate a basic understanding of telephone and network wiring systems and
alarm systems.
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4/6/2009
A note from your instructor:

In our efforts to give class attendees the best practical experience possible within
the time given, it will be important to review and understand the theories and
practices you learned in Basic and Intermediate Electrical Skills. Break out those
notes and handouts and get yourself back up to speed. If it's been awhile or you
are coming into Advanced Electrical Skills without having attended Basic and
Intermediate Electrical Skills, you can use the links and handouts indicated below
to understand:

e Magnetism www.howstuffworks.com/electromagnetl.htm

e DC and AC Electricity www.howstuffworks.com/electricity.htm

e AC generation http://micro.magnet.fsu.edu/electromag/java/generator/ac.html

e Electrical Units  http://science.howstuffworks.com/question501.htm

e Ohms Law Calculations www.thel2volt.com/ohm/ohmslaw.asp

e Basic Electrical Circuits www.play-hookey.com/dc_theory/basic_circuit.html

e Basic Wiring Materials (handout)

e Basic Wiring Connection Methods (handout)

e Lockout/Tagout http://ehs.sc.edu/modules/Lockout%20Tagout/loto_intro.htm

e Multimeters
http://mechatronics.mech.northwestern.edu/design_ref/tools/multimeter.html

e Basic Troubleshooting www.thecircuitdetective.com/tsing.htm

Note : The websites noted are just a few of many excellent sources
available. Many are great starting points for cybersurfing more info...

We will be briefly reviewing Theory and Practices in class as we move into
the new territories ahead. Safety is our prime objective and will rely on your
existing knowledge of Basic Skills...

Looking forward to working with all of you,
Lawrence Ross
(aka Sparky Ohmz)





Advanced Electrical Skills
Pre-Training Questionnaire
Due to the Training Center by April 22, 2009

Please rate your proficiency in the following electrical topics:

Weak Good Very Good Proficient

3-Phase

Motor Controls

Transformers

Generators

Areas of proficiency not listed:

Please identify your specific electrical training needs:

In your location do you have?

O  Lift Stations
Generators
3 Phase
WYE
Delta
120/240 volt single phase
120/208 volt WYE 3 phase
277/480 volt WYE 3 phase
120/240 volt 3 phase delta

other

OO0 00000 D





ADVANCED ELECTRICAL SKILLS - EXPECTATIONS

Supervisor
After completing this training program | expect the participant to be able to:

© © N o g s~ wDdhPE

|
o

Participant

After completing this training program | expect the participant to be able to:

© © N o g s~ w D PE

=
o

Participant Name & District (print):

Supervisor (print & sign):
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Principles of Operation

A trausformer in its simplest form consists of two
windings on an iron core. The winding commected to
the source voltage is called the primary winding, and
the one connected to the load is celled the secondary
winding. Energy is transferred from the primary wthe
secendary winding through magnetic indoction, When
AC voltage is applied 10 the primary, current flows
hrongh the windings which creaies 8 constanty chang-
ing magnetic field. This varying field cots throngh the
secondary windings and creates a voltage across the
secondary,

Turns Ratio

The relationship between the magnitnde of the pri-
mary volzage (V) (o the secondary voltage (V) is
directly related 10 the number of wrns in the primary
(Ny) 1o the number of turns in the secondary (N ), This
is expressed mathematically as

A
VN

Figure 1-2 depicts 8 simple transformer, The pr-
mary and secondary wires are identified by the stan-
dard letter and numbering systom. High-volage (pri-
mary) wires are marked with 8 "H™ and low-valtage
wires with “¥." The turns ratic would be expressed as
2:1, and this would be 2 step-down transformer, 11480
volts were applied to the primary, the secondary voltage
wouid be 240 volis. If 240 volis were applied to the
primary, the outpat would be 120 volis,
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Fisure 1-2. Simple ransformer,

Reversing condidons and having 240 wrns on the
primary and 480 turns on the secondary would make
the.device a step-up wansformes. Applying 480 volis
on the primary would resalt in 960 volis on the secon-
dary. The tumns ratio would then be 1:2. '

Most transformers rated above 3 kVA can be nsed
either as step-down or step-up service, Standard treng.

formers below 2 k' VA have compensated windings and
should not be used in reverse. These transformers have
a winding ratio that provides & rated voliage 10 2 rated
load.

The source voltege can be connecied 1o either the
“H" Jeads or to the "X terminals. The primary of the
wansformer can be either st of wiminals, dependisg
on whether the transformer is operated as 2 siep-up or
step-down device.

Transformer Rating

Transformers are mted in ¥ilo-volt-amperes (kVA)
rather than in watis, The reason for this is that not sl
foads are purely resistive. Only resistance consumes
power, measured in watts, The kVA rating is based on
the amount of cursent a transformer can deliver w s
Ioad without exceeding its temperaiure rise rating,

Alarge motor load that is ranning without mechani-
cal Joad or well below fts horsepower capacity will
lock inductive 1o the source. This will caose thecurrent
10 lag the voltage. This inductive corrent, or lagging
current, is doing no work, therefore tis notconsuming
power. Al the same time, the wansformer windings
must be able 1o handle the current. The resisiance of
the windings will use power and cause heating, Under
these congditions the circuit is said to have s poorpower
fector which is stated a5 2 parcentage and isequal 1o the
cosine of the angic batween the current and volmge.

A motor Joad will always uss some power dae tothe
resistance of fts witdings and the friction involved
with 2 pieceof rotating machinery, Fore purely capaci-
tive load, howeves, very littie powes or wattage would
be consumed outside that used by the resistance of the
wires connecting the capacitor 10 the sscondary, A
wattmeter connected to this Joad would indicatz zero
watts for all practical purposes. The cepacitor will
consume energy on its charge cycle, and it will return
the energy o the circnil when it discharges. At the
same time, very high currents could be drawn from the
ransformer and its kVA rating wonld need 1o be
sufficient 10 handle the current or its temperature
rating may be exceeded causing damage 10 the trans-
former. :

Transformer Currenis

When calculating the currents of a wransformer, the
primary current can be determined by dividing the
kVA rating by the rawed voliage. For example, if the
wransformer is vated 10 KVA with @ primary voliage of
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600 volis, then primary current for the ideal trans-
former (1 . would be
v
' r
10,000

[ =d5t

P 600
= 1687 A

If the 10-kVA transformer has 3 secondary voltage
of 240 volis, the secondary current under full load (1)
would equal

kVA

I, = e

| = 10,000

7 240
=4167A

Primary current isrelated tosecondary crorest ssan
inverse relztionship 1o the number of tums in the
primary o the nomber of tums in the secondary. This
is expressed mathematically as

N1

-

N L

Primary and Secondary KVA Relationship

The relationships between voliages and currents in
# transformeér can be confusing at times. One should
keep in mind that you will never get something for
noghing. The XVA of the primary must equal the KVA
of the secondary under the ideal ransformer concepl.
Using the valnes in the previous example, the follow-
ing results are computed:

KVA_=kVA,
600 % 16,67 = 240 x 41.67
10kVA= 10kVA

Another wey of stating this fact is, if the voltage is
siepped-down, the current will be stepped-up. There-
fore, the relationships that exist between the tums
revio, voltages, and currents of a vansformer can be

stated 25
.& t—3 _\i = .&.
Nn v‘ !y

Transiormer Impedance

Impedance is another factor that néeds to be consid-
zred when working with wansformers, /mpedanze is
defined as the total opposition tocarrent flow inan AC
circuit )

Transformers are in effect impedance matching
devices. In-order to deliver maximnm power 1o a Joad,
the impedance of the generator, be it 8 batiery, the
secondary of a ransformer, the output of an amplifier,
or any source of electrical power, must equal the
impedance of the load. Figure 1-3 is used 1o demon-
strate this point,

Fiouge 1-3. Meaximum wansfer of power.

Table 1-1 provides a series of calculations based on
the valugs given in Figure 1-3, A battery is used w
simulate a generator. At the two extremes for either a
short circuit-or an open circuit, no power is consumed
by the load. In the first case, the Joad has no resistance,
and only resistance consumes power. In the second
case, 5o current flows when the circoit is opened, and
power is calcolated using currentas a mruliiplier. Watls
equals current times volage, or substitoting for volt-
zge esing Ohm's law, current squared (%) times resis.
tance (R).

Watts = FR
Tasre 1-1. Calcidations for Maximum Transfer
of Power fiom Generstor to Load
P,
b miR)  mIR)  ddmy
0 0s 2% 0
(%} 05 20 40
02 07 17 s
03 B 5 15 68
04 k] 13 n
0s ¥ ] 12 2
06 11 1 7
0.9 12 10 0
8 13 9 68
09 14 &8 &
10 15 8 64

- : 4 Q0 0
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Note in Table 1-1 that the power consumed by the
load is zero when the valus of the Joad is zero. The total
power is consumed within the generator. As load
resistance 1S increased, the power consumed by it
increases 1o amaximum power of 72 waus Thisoceurs
when the resistance of the battery is equal o the
resistance of the Joad. A further increase in the valve of
the resistance of the Joad cavses the amount of power
consumed by it 10 decrease, The decrezse would con-
iinue i more resistancs were added until zero power
would be consumed when the load circuit was open, or
undefined.

Phase Relationships

When the secondary of a wansformer is open with no
load zpplied, it acts as an inductor. The reaciance is
very high, znd very little current flows i the primary.
The primary current legs the applied voltage by nearly
50 degrees. The only power consumed in waus is due
1o the inherent Josses of the transformer, These losses
are mostly due 1o the resistancs of the primary wind-
ings. .
Voltzge will he present across the secondary wingd-
ings of an amplitede comresponding 1o the tums ratio,
The voilage across the sscondary will be 180 degrees
out of phese with the primary voliage, Figure 1-4
shows this relationship. This iz imporant 1o under-
stand when connecting a single transformer for addi-
the or subtractive operaton. The left-hand rule for
elecromagnedsm can be vsed w determine the phase
relatinns.,

X3

VY
’\[f&n

"')V
)/\m

\ Vo

RIGURE 1-4. Phase selstionship between primary
and secondary volizges.

The terminals of the wansformer are marked “H"
and “X" which is the common erminology for identi-
fying the leads. “H" indicates the Kigh-voliage leads,
and “X" the Jow-voliage leads. Thenumber ! indicates
the starting point for each winding. For 8 normally
woundtransformer, the voliages on H1-X1 and H2-X2
are in phase with each other.

Transiormess tan be wound 5o that they have an in-
phase relationship, This is accomplished by reverss
winding either the primary or the secondary. When this
is done, the schematic diagram used in electronic
circuits includes a dot on both primary and secondary
windings. The solid lines drawn between the windings
indicate an iron core. Sce Figure 1-8.

.
£

3E

Ficure 1-8. In-phase vansformer.

Figure -6 shows 2 moitiple-winding ransformer
and how the leads are designated for a power tans-
former. Corresponding numbers between the high-
voltage windingsand the low-valiage windings will e
in phase with tach other, For example, H1 willbe in
phase with X1.

3

[ ;?{ fe X3
B =3
:;Sﬁ
24§ b 1iiod 4

Froure 1-6. Muoltiple windings.

Losses

Transformers when operated within their specifica-
tions and tempereture range are one of the most offis
cient devices everinvented by human beings, Efficien-
cies range from 95% Lo approximaiely 99% under full-
load conditions. I a wansformer is operated under less
than full load, the efficicncy will decease 1% (0 2%.

Losses can'be classified into two categories, These
ere copper fosses and core Josses, There are several
core losses, These include eddy currents, hysteresis,
{lux Jeakage, and core satusation.

Copper Losses

Caopper lpsses are dve o the resistance of the wire in
the primary and secondary windings and the current
flowing through them. These losses can be reduced by
using wire with large cross-sectional ares in the many-
factaring of the coils.
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Figure 1-7. Bow, wound, and mitered cores.{Couriesy
Sorpel Transformer, Square 3 Co )

Eddy Currentfs

Eddy currents are those that are introduced into the
iron core material of the wransformer. They are un-
wantcd currents and consume power which is wasted
as heat. A solid iron core Jooks tike a single short
circuit wirding 10 the magnetic field. Because of the
very low resisiance, a very large current can be in-
ducad.

This problem is largely overcome by making the
cors 'of very thin laminates. See Figwe 1-7 {or the
types of construction. Each lamination is coated on
each side with insulating material so that no curent
can flow between laminates. At the same time, the
ceating allows the free passage of the fTux lines. This
process greatly increasss the resistance of the corcand
reduces the amplitude of the eddy currents.

When handling transformers with the core exposed,
care should be taken not (o break the insulating integ-

ROULAE IBRECTEW AKD FLUX PATR
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rity of the core. For example, dropping a transformer
on one of its edges on concrete could short the lami-
nates. Eddy cumrent Josses are proportional to the
frequency and magnifnde of the current in the core of
the transformer.





Parts of Motors

The essential parts of amotor vary among the different
types. All motors, however, must have a stator, rotor,
and a means of supportng the rotor so that it does not
come in contact with the stator poles as it rotates. The
stator and rotor will be examined first. Afterward,
other parts used on motors will be explored.





Fuoamasessoar, Copearrs: Morogs

Stator

The stator, which is the stationary part of the motor,
comsists of the core and the windings of copper wirg o
the core. Cores are constrocied using laminated elec-
rical grade steel o reduce losses due 1o eddy currents
and 10 insure z good magnetic path. The purpose of the
stator 15 10 form a strong elecromagnet in which the
rotor tumns. In some small electric motors, thecore and
windings are replaced by & permanent magnet, batin
most cases the stator is an clecwomagnel. Figare 68
shows a core of & stator for 2 DC motor,

nated siaton

Figupe 68, 1. 3
» eerric Cold

{Cauritss G

This 18 a two-pole motor. The number of poles ona
DC mogor are usnally easdly distinguishable. The small
projection poles at the (op and bottom of the core are
for the imerpole windings. Their purpose wifl be
discussed in Chapter 7.

Pole pieces are shapad to £it the contour of the rotor.
This reduces the air gap and lowers the reluctance {the
opposition (o the passage of magnetic flux lines) of the
magnetic field between the stator and rotor. Air has 4
much bigherreluctance than does the special steel used
in the core. For AT induction motors, the air gapas a
rude is from 0.015 to 0.040 inch, On the synchronous
motor, the gap is usually greater

Pole pieces may be individually formed and boked
10 the frame of the motor. Individual poles are known
as salient poles. Figure 6-9 illustrates a four-pole DC
motor using saliznt poles.

On the AC induction motor, the number of field
poles is notas easy (o distinguish. This is because there
are pole pieces for te starting windings, and in some
cases, the compensating windings. Poles for these
windings are spaced in with the field poles. Figure
6-10 depicts the stators of two different types of AC
motors. Both of these are four-pole mowrs.

Fioupe 6-10. Stators of wotypes of four-pole
induction motors. (Cawritesy Fasoo Diswrituting Co.)

Stator Coils

Most indoor electricians will never rewind a motor
undess assigned 1o amotor shop where the skills can be
acquired. However, they should be aware that the coils
are merely turns of insulated wire which are formed 1o
be placed into the slots of the stator, The insulation
may be just a thin coat of varnish on each individual
wire, of theentire coil containing several turns may be
wrapped with additional insulation, These colls are
imerconnecied 1o each other 10 meet the electrical
requirements of the device,

1t is more important that the electrician be awars of
how {o test the coil windings, and be sble to isolate
problems involving them. They also need 10 know how
to make the proper connections 1o meet the electrical
requiremments of the motor.

There are several wiring configurations and meth-
ods used to wrap and form the coils so that they can be
propedy located in the appropriate insulaed slots.
Each of the configurations has cerain advantages that
contribute o the efficiency of the motor.





Rotor

The rotor is the part of the motor that Is free to twm. It
is located inside the stator and should tum easily, Itis
also called an armature, and the terms are used inter-
changeably when referring 10 a motor, This is not true
in the case of a generator. On the generator, the field
windings may be rotated {rotor), and the armatre is
held statonary {stator). This is done so that the high
current being generated in the armature can be taken
off with direct fixed connections without the vse of
brushes.

Rotors have three parts. These are the core made of
magnetic steel, windings of copper wire, and the shaft.
The cors is pressure-fitted omo the shaft. The shalt
ransmits the mechanical energy converted from elec-
rical energy by the motor 1 the load.

There are two tvpes of motor rators. They are the
wound rotwr and the squirrel cage rotar, The wound
rowr has coiis of wires wound In the slots of the rotor
Whereas the sguirel cage rotor consists of bars of
copper or aluminum the length of the rotor which are
slectrically connecied at each end with shorting rings.
The rings are also constructed with either copper or
aluminum, This arrangement provides for a closed
slectrical circuit in which carrent can flow,

The name “squirrel cage rotor” comes from the
similarity of appearance beween this type of rotor zed
an exescise device used for squinels when they are
kept in captivity. Figure 6-11 depicts the wound rotor,
and Pigure 6-12 shows a representation of the squirrel
cage rotor.

LB ITRTOR

Figigs 6«11, Wound rotor

Direct current motors will always have a wound
roorn 1n addition, the DC armutare will always havea
COMMIALOL

Alternating current motors may have either wound
or squirrel cage rotors, The operating characteristics of
the two types of rotors differ in AC motors. Certain

‘types of AC motors also have commutators.

122

Frouke 6-12. Squirre! cage rotor.

g

The core of the rotor is laminated 10 elimingte eddy
currenis. Laminations, like those in the wansformer
and the motor stator, are elecirically insglated from
each other,

Rotor Support

Some method must be psed 10 mount the rotor in the
stator field. Therotor must be free to twrn and notcome
in contact with the stator poles. Figure 613 shows 2
support system for the rotor. The bearing housing and
the bearings keep the motor centered in the stator field,

In this case ball bearings are pressed into the mo-
tor’s in-piztes, of the bearing housing. The outer race
of bearings is held firmly by the housing sothat it will
not turn. The shaft of the motor is run trough the inner
race of the bearings. The inner race should tum easily
and is pressed fitted 1o Gie shaft so thatit will nun as the
shaft turns. The inner and cuter races are designed and
constructed 10 hold the individea] bearings. Because
there is no friction between the races and the turning
shafl, the races and ball bearings can be made of high-
grade steed 10 ensure a long life.

The bearing heusing helps protect the bearings
from dust, dist, other abrasives, and contaminants that
might auack the bearings. End caps and other prowsc-
tive components are usually used on the motor 10
prevent entry of these destructive materials which will
greatly reduce the life of the bearings.

To enhance the conling process of the bearings, the
end plates in this case have fins, Thig increases the
surface area expased to the air surrounding the motor
to effectively remove heat from the bearings and other
electrical parss of the motor.
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Fuwsune 6-13. Exploded view of mmoior showing rouer sepport. ({Cowtesy Geseral Bleairie Corp}

A fan is mounted on the rotor shaft 1o help cool the
ezl machine. The housing may be entirely closed as
shown, or it may have venlilation holes to allow the
free passage of air throogh the interior of the motor. In
some cases, the ventilation holes may bein both ends
of the motor, or they may be in only one end. This
depends on the motor’s application and the type of
enclosure selected. Like the wansformer, high tome«
peratures cause failures in motor parts, and some
rethod must be used to redute the haat 1o secepiable
levels.

Bearings
Motors use 1wo types of bearings, These are bal
earings end deeve bearings, {sometimey called a
bushing). Sleeve bearings arc normally, but not al-
ways, used on small fractional-horsepower motors up
10 one-hall horsepower. Ball bearings are used on
larger motors, but they may aiso be used on smaller
MO





10.

11.

12.

Advanced Electrical Skills — Pre Training Quiz

A transformer in its simplest form consists of two windings; the

winding and the winding.
The is connected to the primary winding.
The is connected to the secondary winding.

High voltage wires are marked with the letter

Low voltage wires are marked with the letter

The source voltage can be connected to either the high or low voltage
terminals. (T) or (F)

A 10 kVA single-phase transformer with a primary voltage of 600v would
have a primary current of amps.

A 25 kVA single-phase transformer with a secondary voltage of 120v would
have a secondary current of amps.

Impedance is defined as

Transformer efficiencies range from under full
load conditions.

All motors must have a least 3 essential parts. They are the ,
and

The stator is the part of the motor.
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18.
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20.

Another name for the rotor is

The two types of motor rotors are and

The bearing housing

that might attach the bearings.

Like the transformer, cause failures in motor
parts.

The bearing housing and bearings keep in the
stator field.

DC motors will always have a rotor.

Stator are merely

The purpose of the stator in
which the rotor turns.










