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MILTTARY CULUM MATERIALS

The military-dsveloped|curriculum materials in this course
package were selected by National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The pumose of
disseminating these courses was to make curricul: n materials
developed by the military more accessible to vocational
educators in the civilian setting.

The sourse materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for .
dissemination. Materials which were Specific to the mlitary
were deleted, copyrighted materials were either amitted or appro-
val for their use was obtained. These course packages contain
" ‘ewrriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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Military
Curriculum Materials
Dissemination Is . ..
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What Materials ,
Are Available?
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an activity to increase the accessibility of
military-developed curniculum materials to
vocational and technical educators.

This projact, funded by the 'J.5. Office of
Edlication, includes the identification and
acquisition of curriculum maturials in print
form,from the Coast Guard, Air Force,
Army, Marine Corps and Nawy.

Access to military curriculum raaterials is
provided through a “Joint Memorandum of
Understanding’” between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and cuvurses
deemed applicable to vocational and tech-

nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education’s designated representative to
scquire the materials and conduct the project
activities,

L]
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" Project Staff:
Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirféy A. Chase. Ph.D.
Project Director

One hundred twenty courses on microfiche
(thirteen i paper form} and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include prograrmimed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
sixteen vocationai subject areas:

Food Service
Health
Heating & Air
Conditioning
Machine Shop
Management &
Supervision
Meteorclogy &

Agriculture
Aviation
Building &
Construction
Trades
Clerical
Occupations
Communications
Drafting Navigation
Electronics Photography
Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vozational and
technical education are identified and selected
for dissemination,

How Can These
Materials B2 Obtained?
[ s S mowI e

¢

Contact the Curriculum Coordination Center
in your region for information on obtaining
naterials (e.g., availatility and cost). They
will respond to your request directly or refer
you to an instructional materials agency

closer to you.

CURRICULUW COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director

100 North First Street
Springfleid, IL 62777
217/7820759

MIDWEST

Robert Patton
Director

1516 Wast Sixth Ave,
Stillwater, OK 74704
406/377-2000

' NDRTHEAST
Joseph F. Kelly, Ph.D.

Director

225 West State Street
Trenton. NJ 0§625
609/292 6562

NORTHWEST
William Daniels
Director

Building 17
Airdustrial Park
Olympia, WA 93504
206/753-0879 .

SOUTHEAST

James F. Shill, Ph.D.

Director

MississipPi State. University
Drawer DX

Mississippi State, MS 39762

601/326-2610

WESTERN

Lawrence F. H. Zane, Ph.D.
Director

1776 University Ave,
Honolulu, Hi 96822
808/948-7834 5
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The National Center for Research in
Vocational Education’s mission is to increate
the ability of diverse agencie’, institutions,
and organizations to solve educationa! prob-
lems relatinyg to individual career planning,
preparation, and progression. The Nationai
Center fulfills its mission by:

Ihfarmntion and Field
Sarvices Division

The i'=*icp-~! Centar fot Resa8ech
in Yeortinesl Coucation
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* Generating knoinedge shrough research

Develcoing educational programs and
products

Evaluating individual program needs
and outcomes

Installing edu cational programs and
products

Operatmg information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials (.
P WRITE OR CALL
AL Program Information: Office
The National Center for Research in Vocational
Education
The Ohio State University
.- 1960 Kenny Road, Columbus, Ohio 43210
“Telephone: 614/486-3655 or Toll Free 8730/
848.4815 within the continental U.S. ~
{except Ohio)




OVERVIEW
MODULE TEN

TRANSFORMERS
In this module you will be Introduced to a very important electrical
device, the transformer. As you will learn, without transformer action
the'practical, economical application of electrical energy would be

. 1 M
nearly impossible.

For you to more easily learn the above, this module has been divided

into the following six lessons:

Lesson |. Transformer Construction

Lesson . Travsformer Theory and Operation .
“Lesson . . Turas and Voltage Ratios

Lesson IV, Power and Current

Lesson Transformer Efficiency

Lesson V'. Semiconductor Rectifiers .

L~

#
TURN TO THE FOLLOWING PAGE AND BEGIN LESSON I.
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BASIC ELECTRICITY AND ELECTRONICS
INDIVIDUALIZED LEARNING SY3TEM

MODULE TEN
LESSON 1

;
Transformer Construction




Overview

OVERVIEW
LESSON <.

Transformer Construction
. -~

-..f"“

In this lesson you will study and learn about the following:
-what a transformer js
-function of transformers
-inside a transformer
-the core
-coré constiruction
-laminations
-core shapes

» . A
~coils or windings

-schematic symbols for fransformers

- . H
BEFORE YOU START THIS LESSON PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.

v




Study Resources
'
LIST OF STUDY RESOURCES
LESSON |

Transformer Construction

a

To learn *the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the
following:

STUDY BOOKLET:
Lesson Nartative
Programmed Instruction
Lesson Summary
]
ENRFCHMENT MATERIAL:
NAVPERS 93400A-1b “Basic Electricity, Alternating Current.”
Fundamentals of Electronics. Bureau cf Naval Pcrsonnel.
Washington, D.C.: U.S. Government Printing Office, 1965.

~

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
"TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRAT IVE
LESSON 1

Transformer Construction

What a Transformer is

. Look at your power supply and find the largest wired component. ‘

"*- You have jJust identified the transformer. Probably you have ob-

served a similarity between the shape of the transformer and the

- iron=core inductor in your power supply. Both of these components - B
are capable of Inducing a voltage.

Most power supplies “have a transformer. From this statement, you
can infer that most TV sets, radios, and almost all amplifying
equipment contalin transformers.
bed
Transformers are of many different sizes. There are small ones
{ike the one In your power supply, but there are also ¢.ant trans-
formers in substations of power companies. Whatever the size of
a transformer, jt's purpose is the same. v

" Function of Transformers - '

A transformer is a device that transfers electrical energy from

one circult to another via electromagentic Induction. The energy

Is always transferred without a change in fraquency but usually

involves changes In voltage and current. Because transformers
-, work on the principie of induction, they must have an AC source
- to supply a continuous output.

What do you think would happen if we put pure.DC into a
transformer? ‘ -

After current had reache¢ the maximum Steady value described by

. the basic Ohm’s Law, there would be no change in current, the
: , frequency would be Zero, and there would be no inductive reactance. . B
The coil would act like a straight piece of wire; current could -

become too great and burn out the transformer.

A transformer steps up or steps down AC voltsge. For exgmple,

the voltage entering the transformer on your power supply is greater
* than the voltage leaving the transformer. tn this menner, your

power supply can provide a lower voltage to the load than the wail

socket could. The transformer in your power supply is a step-down ~
transfoimer.

13
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Inside @ Transformer

A transformer 1s & very efficient device because i. has no moving
mechanical parts that might maifunction, and it requires very little
malntenance. |If you were to look inside a transformer, you would
see at least two coils, maybe more, and a core. The coils and core
are the only essential parts of a transformer.

Lore

Just as an inductor has either an iron core or an air core, a

trasnsformer usually has either an air core or some form of ap

tron core. A transformer is actually two or more inductors
positioned so that the flux
lines of one cut the coils of
the other. Generally, air-cor.
transformers are used when the
source has a frequency above
20 KHz; however, special ferrite
cores may be used at very high
frequencies.

ColL A ColL B

lron-core transformers are usually used when the source frequency
is in the audio range {below 20 KHz).

-Your power supply operates on a frequency of 60 Hz. What
kind of cure does the transformer in your power supply have?

Your power supply has an iron core to obtain high inductance at
low frequencies.

Core Construction

L4

iron cores in transformers are not solid hunks of iron or steel. |If
they were, the flux lipnes cutt a9 them would induce large currents
in the core, anJ thus rob the circuit of power.
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. l H

i Lamlnations

\ Y i
To minimize this loss, corec are made of many thin slices of core
material. Each slice is coated with insulating varnish which is
a non~conductpr. These slices of core are called laminations.
After all the| laminations are varnishéd, they are then bondec
together .to form core shapes.

! .
: . . .
Core Shapes | : i

There aré two;main core shapes used in transformers. One

-we call the 1low=core type, because 1t has a hollow i
square I itsj center. !The other is called elther a shell type
or € and'| tybe, becau§e'lt tooks 1ike th?se two letters put

together i/likel this: . . :
o s -

Hollow Core
This illustration shows a hollow-
core qraﬁsformer. Notice that it
is constructed of many laminated
slices of lron or steel. After
the laminations have heen bonged
together! the coil$ are wrapped |
around both sides of the core:as
shown on| the next lpage. :
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|
-We have iearned previously that
the closer the coils are without
touching, the greater the magnetic
coupling. It is apparent that
quite a bit of space exists between
' the two coils in a hollow-core
[ transformer. From this, we can
j : assume that this type of trans-
| former will not have a maximum
| coefficient of coupling.
|

Shell Type

T}]e most commonly used and most efficient laminated core is called
al shell.or E and | Type core. “Observe that this core is made of
the laminated pieces that resemble
LAMINATED CORE g1y ang |'s. The laminations
in the shell core are also .arn~
ished to provide insulation. For
the shell core, the coils are all
wound on the same center, and the
tegs of the E are set down through
the coil as shown below.

LAMINATIONS

E _CORE

This design provides a high
coefficient of coupling.

] __~WINDING

INSULAYING
PAPER
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Coils or Windings

The wlres or coils In @ transformes are referred to as windings.
Transformers have a primary winding and one or more secondary
windings. Occasionally a transformer will have mgre than one
primary.

The primary winding connects to the source.

The secondary winding connects to the load or loads.

Identify. }. Secondary winding

: ;IIE g 2. Primary winding
A B '

You can see that coil A is connected to the sburce éna
therefore is the primary. B is connected to the lcad, so
it is a secondary.

Coils Are Wound in Shell Type

You recall that windings in the hollow core are placed side by

3k

This is not the case with windings in a transformer with

the shell-type core. To achieve maximum coefficient of
coupling and -save space, in a shell-type core the secondary
winding is wound on top of the primary winding as shown here.
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First, the primary winding is wrapped around a cardboard cylinder
forming many turns of wire. These turns are placed close together.
The wire is coated with insulating material to pra=vent short
circuits between wires. After the primary is completely wound,

it is covered with a special insulating material -- usually

paper or cloth. .

The secondary wirding then is wound on top of the primary

winding; however, the wires do not toucn because they are
separated by the insulating material. This material allows
magnetic flux lines to pass from one winding to another,

s0 that magnetic induction can take place. Finally, the secondary
winding §s covered with an insulating material to prevent contact
between the winding and the metal transformer case.

Your power supply transformer is constructed with an
E and | type core. Will the windings be:

a. two coils separated by space.
b. two coils, wound one on top of the other.

The core sections are then in~
serted into the windings and the
E and | are butted together.

eads

Notice in the illustration that
there are two leads for the primary
and two leads for the secondary.

These will .be connected to the
source and load, respectively.
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Schematic Symbols for Transformers \\
A basic transformer symbol looks 1ike'two coiis as ;;;ﬁh\

Bars between the coils indicate
an iron core. |f there are no
bars, the symbol represents an

I; § § ! air core.
- p——— :

Iron Core Air Core

We ment ioned that transformers frequently have more than one
secondary windlng. This is for the purpose of supplying
multiple loads of different voltages. Sometimes @ trans-
former has more than one primary. ’

Occasionally a winding has taps which allow delivery of
dlfferent voltages from the same secondary.

: {

Iron Core ¢

"1 Primary 4

| Secondary with :bTap

a3 center tap i

If there is 12v across the entire s:condary, and we measure
between the top 1ead and the center tap, what do you think
voltage is?

O t—
o

-
S

Answer; 6 volts.

-

Other schématlc representations might be:

¥ 3 35

Iron Core Air’ Core Air Core
! Primary 1 Primary 2 Primaries
| Secondary 2 Secondaries 3 Secondaries

19
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LiSTED. |F YOU TAKE THE PROGRESS CHECK AND
ANSWEK ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCT!ON
LESSON i

Transformer Construction

_THIS PROGRAM SEQUENCE HAS NO TEST FRAMES.

1. Trapsformers come In many different sizes, ranging from
smaller ones than the one in your power supply to the very large
ones used by commercial power companies. Regardless of the size,
the function is the same, to transfer electrical energy between
two electrically isolated circuits.

The function of the transformer in your power supply Is to: .
3

a. develop electrical energy te light the lamp.

b. change alternating current to direct current.

¢. transfer energy from the wall socket to the circuit

containing the lamp.

App————

{c) transfer energy from the wall socket to the circuit
conhtaining the lamp

-

' 2. The purpose of a transformer is to transfer electrical energy
B from one circuit to another isolated circuit.

Can you generate power with a transformer alone?

a. yes,
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3. The energy transfer is accomplished by mutual induction between two

or more colls. ,~ GMAGNETIC FIELD
\

-~
. \\>‘

P

If a cnhanging current flows through coil A, a changing magnetic field
is produced. This varying flux field cuts coil B, inducing a voltage
and causing.a current to flow throuch the load {(R).

Since neither coil A nor coil B can be moved without both being
moved, there is an induced voltage in cqil B only as iong as:

a. the magnetic fleld is changing.
b. a stable magnetic field exists,

{a} the magnetic field is changing

Recall that for a stationary coil to continuocusly induce a
voltage (electromagnetic induction), there must be & continuously

changing current.

Would a coil be capable of continucusly producing electromagnetic
induction if placed in a D€ circuit?

yes
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5.

Tec-l

Transformers angfcoils have some similarities in both construction
a2nd operation; both utilize the phenomenon of electromagnetic
induction, and therefore induced voltages are associated with
transformers and coils. Their uses are different, however.

Would a transformer function fn a pure DC circuit?

yes

Transformers are useful only in AC circuits because:
{Check the statemerits that are true.)

puie DC does not vary in value,

" DC voltages are too high.
alternating current is constantly changing in direction
and magnlitude.
electromagnetic induction depends on a changing magnetlc
field.
there s no magnetic field associated with dlrect current.
a DC transformer is too large to be practical. :

{a. pure DC does not vary in value; c¢. alternatling current is
constantly changing in direction and maghitude; d. electromagnetic
induction depends on a changing magnetic field.)

A transformer is one of the most common electrical devices used. .
It consists mainly of wire wound into coils about some type

of core. Since have no moving mechanical parts

to malfunction, they are very efficient and require very little
mainterance.

. {transformers)




P.1. Ten-1

E

A simple transformer consists of two coils placed so that the
flux lines from one cut the turns of the other as shown in the

diagram. 0 o
@ A “E B R
o i o

Coil A is known as the primary coil, while coil B is called<the
secondaly. ’

The primary coil is connected to the while the secordary
is connected to the

(source or input; load lresistor} or output)

Label the primary winding and the secondary winding in the
transformer below.

Primary Secondary
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10. Tfangformers can be used. to step~up or step-down voltage. This
can be done by increasifig or decreasing the number of turns in the

secondary winding as compared with the number of turns’ in the
primary winding.

Select the true statement. .

A is a step-down transformer, B is a step-up transformer.
A Is @ step-up transformer, Bis a step-down transformer.
Both are step-up. .

Both 2are step-down.

{b) A is a step-up transformer, B is a step-down transformer

L}

Label the step-up transformer and  the step-down transformer

(a) step-up; b. neither, one-to-one; "C. step-down)

.

Note° You can often tetl if a transformer is a step-up or

!ooking at a drawing.” Due to the space limitations on most
schewatics, the actual turns ratio Is seldom drawn, but may be
indlcated numerically.

{step-down)
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13. The transformer in the powe: supply you built is:

step-up.
step-down.
neither.

(b} step-down

3
-

t4. Ncte that the terms step-up and step-down refer ta
hot to power.

(voltage)

15. The law of conservation of ¢energy tells us that energy is
seither created nor destroyed, but that it can be changed in
forms. You cannot expect ‘to get something for nothing. This is
also true in transformers. |f the sécondary voltage is higher
than the primary yoltage, secondary current will be smaller than
primary current'in the same proportion. Output power.can never
be Iarger than input power, but may be ‘scmewhat less' because of
Josses In the transformer itself.  For the circuit shown, -
secondary cirrent equals , assuming there are no
josses In this transformer. ‘

INEE

Ip2a
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16. Each transformer characteristic listed below applies to either a
, step-up or a step-down transformer. Underline your*choice at the
end ¢f each statement. )

higher pramarw;current ‘than secondary {step-up/step-down)
higher primary voltage than secondary {step-up/step-down)
lower secondary current than primary {step-up/step-down}
higher secondary voltage than primary {step-up/step-down)
lower primary current than secondary {step-up/step-down)

{a. step-up; b. stqp-downi c. step-up; d. step-up; e. step-down}

e 3

17. Energy rransfer from primary to secondary is accomplished by
mutual, induction between two or more cdils apd usually results
in changes in voltage and current but never in frequency.

If the input signal to a step-up transformer is 400 Hz, the output
would be: . -

a. 200 Hz?
b. 400 Hz.

y c. greater than 400 Hz.
?insufficient information)

{b) 400 Hé ’

18. Check'the statements about transformer operations that are true.

a. wusually involves change in voltage and current
uses a pure DC source

c. involves changes in voltage and frequency

. capable of stepping voltage up or down
transfers-electrical energy from one circuit to another

(a. usually involves change in voltage and current; d. capable of
stepping voitage up or down; e. transfers electrical energy frqm
one clrcuit to another)
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19. Air core transformers are usually used @t high frequencies
{above 20 KHz). Due to the high rate of change of current
at these frequencies, an iron core is not needed to increase
the inductance of the coils. At low freguencies, an {ron
core is used to concentrate the flux lines and increase
mutual inductance.

Your power supply operates at an Input frequency of 60 Hz.
What kind of core does the transformer have?

20. A transformer is basically two or more coils wound around some
type of core. As with inductors, the cores are usually either
iron or air.

An air-core transformer is used at frequencies,

(high; usually 20 KRz and above)

21. An air-core trarsformer is represented schematically like this;

Draw the schematic for an air-core step-up transformeq.
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As stated, 'transformers work on the principle of mutual induction.
This, you remember, occurs when a changing current “ow in one coil
causes a changing magnetic field which cuts a second coil and
induces a voltage in the second coul This action is aiso known
as transfo%mer action.

| .
Nothing is perfect. As show~ in the iilustration below, all the

lines of flux from the primary are not cutting the secondary.

This means that the energy 1n the'secondary is less than what it
could have been. There is a magnetic flux leakage when all the
lines of flux produced in the primary do not cut the secondary.

For that reason, most transformers are constructed with special
ferromagnetic {material ,that can be easily magnetized) cores of

high permeability (iron}, so that ali the lines of flux pass

throcugh the core and cut the secondary. In summarizing, most
transformers are constructed with ferromagnetic cores of hlgh per-
meability so that almost all the Ilnes of flux pass through the core
and cut the secondary.

An iron core serves to flux density.
increase/decrease

1lincrease)
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1

23, Iron-core transformers are represented schematically as shown:

-

Draw the schematic symbol for a step-down iron-core transformer.

:
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2k, There are two types of iron cores in common usage. The hollow
box-)ike core looks like this:

Varnished
Laminations

The coils, which are called windings, are wrapped on either
side of the core as shown.

The effect of the core would be to mutual
inductance as compared to air-core transformers.

lincrease)
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25. A more popular type of iron core is called the shell, or E and 1, type.

The windings are constructed separately by winding the wires on a
cardboard form with the secondary wuund on top of the primary and
with Insulating paper separating the two coils.

The center section of the £ is then inserted through the center of

E CORE
% LAMINATIONS

the assembled coils.

§ CORE
LAMINATIONS

This arrangement gives maximum coefficlent of coupling because the

coils are wound one on top of the other, and the core jurrounds the
windings.

This shell-type core provldes maximum common flux density.

(Go to next frame)
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26. The most efficient core is one that offers the best path
for the most lines of flux with the least amount of magnetic
and electrical energy loss.

Which of the two dlagrams below illustrates the more efficient
type of core construction? -
3

-
—
¢

SHELL TYPE

(b} SFeil Type

27. Check the statements about an E and | core that are true.

P.-winding 1s separated from S winding by insula’.ing
material.

P winding is separated from { winding by air space.
Toils are wound side by side. -

Coefficient of coupling is greater than in a hollow core.

(a. P winding is separated from S winding by insulating material;
d. Coefficlent of coupling Is greater than in a hollow core.)

-

i3
a4
o T
vy

g:r

RICE .
E lz;ﬂ'§ﬁ-\. .-ﬁ-e-u Ph ‘r\vu--j:\“ -
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28. A transformer often has more than one secondary winding.
This enabies one transformer to supply several different values
of voltage from one source.

|

TRASFORMER

PRIMARY ‘ESECONDARY

This single transformer takes the place of how niany
transformers? ‘

a.
b.
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29. To further utilize transformers, a device known as

a center tap is used. This allows us to tap off half of the
voltage available from each secondary winding.

In the figure shown, there are three czﬁter taps, A, 8, C.

: " s
§

£ |
§

e aC &Y
t ~ .

3

Q6
How much voltage could be measured between point A and output

o Y

oo ot o e s S A
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30. Draw the correct schematic symbol below each of these descrictions.

a. 1 primary b. 1 primery c.” | primary
3 secondaries 2 secondaries | secondary
iron core . air core with center tap
iron corz

.

YuU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER
RESOURCES LISTED. F YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. [F NOT, STUDY ANY METHOD

OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

36
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SUMMARY
LESSON | —--

, ‘Transformer Construction

-

-
A transformer is an electrical device which consists of a primary and
a secondary winding linked by a mutual magnetic field. The voltage
that ‘s tmpressed across the primary winding is usually supplied by
an external source of EMF: the voltage appearing across the secondary
winding is induced by the magnetic flux of the primary coil.

+

Transformers come in many sizes, ranging from some about ‘the size

of a peanut to the very large ones that are used by commergial

power companies. Transformers may be used at power-1ine frequencies
(60 Hz, 4OOHz, etc.), audio frequencies (20 to 20,000 Hz), ultrasonic
frequencies (20,000 to 100,000 Hz}, and radio frequencies (over 30 KHz).
The design and construction of transformers varies greatly with the
application and electrical frequency to be employed. For example,
power transformers (as in your power supply) and audio transformers
(as in your hi-fi set) are normally built on a core of laminations
(or flat pieces stacked together) of silicon steel. At these re-
tatively low frequencies, a very good magnetic interaction between
the primary and secondary windings can be produced only by careful
design and the utilization of highjquality transformer iron.

There are two main core shapes used in iro.~core transformers. One
is known as the hollow core and Is shaped like this:

il

Sl
NN

0

El

The primary and secondary windings are wound on either side of the
core.

The other core shape Is the shell or € and | type. fts shape is as
shown on the next page.
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INSULATING
PAPER

‘At the higher frequenclies, It is possible to design a transformer

in the form of two coils wound end to end on an air core and supported
by -cardboard. Other transformers are wound on a solid ferromagnetic
material for use at higher frequencies.

A simple transformer appl ication is shown schematlcally below:

—e
.

-

Winding A
naing Wibding B

Note: |f the vertical lines are not shown between the windings, the
symbol represents an alr-core transformer.

If secondary winding B has more coii turns than primary winding A,
the voltage across load R is higher than E_ (primary voltage). This
type of transformer is called a step~up tr8nsformer, since it acts to
increase the voltage to the load In the secondary .circuit. If
winding B had fewer turns than winding A, we would have a step-down
transformer. The load voltage would be smaller than E_.
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Transformers are normally used on AC, since a changing primary

current is needed for operation. The requirement of a periodically
‘changing primary coil fiux must always be met fc~ a continuous output
of secondary voltage. You should also be aware «nat unless the rate

of change of flux matches the transformer's design specifications, the
transformer is likely to overheat and burn out. A transformer operated
at frequencies above its design range will only be less efficient,.but
If operated below the proper frequency, current will be too high and
overheating results. '

While the secondary coil may produce 2 higher voltage than € , the law

of conservation of energy tells us that the total power in tRe secondary
circuit (neglecbing transformer losses) must always equal the E ! product
(power)} at the primary coli. This means that if secondary voltB3gB is
higher than primary voltage, secondary currant must be lower than primary
current.

A transformer may often have more than one secondary winding. This
enables one transformer to supply several different values of AC voltage
from one input source. 1In the transformer shown belc#, there are both
step=up and step~down circuits, all in one unit. .




Summary ' Ten-1

. %
The 12.6-volt secondary coil has a center tap connection. Think
about some of the possible uses of this configuration.

" LY

* -Fv

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS
CORRECTLY, GO TO THE NEXT LESSON.  IF NOT, STUDY ANOTHER METHOD
OF INSTRUCTIUN UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

L
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; - ‘Transformer Theory and Operatlon - 1
In this Tesson you will stidy and learn about the'follpwlng: l
-no-load conditions ' .

‘-excliting current in the primary
~producing a CEMF ] .
~inducing a voltage in the éecoﬁ&gry
-polarity or sense . |
“loud, Foﬁdltidhs-‘

" o ' |
f , I ;
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P LIST OF STUDY RESOURCES
1 LESSON (I

» Transformer Theory and Operatlon

»

~ To learn the material In thls lesson, you have the option of chooslng,

éccordlng to your experlence and preferences, any or all of the

followi-.3:

STUDY BOOKLET:
Lesson Narrative
Programmed [nstructlon
Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1b '"Baslc Electricity, Alternating Current."
Fundamentais of Electronics. B8ureau of FMaval Personnel.
Washington, D.C.: U.S. Covernment Printing Offlce, 1965,

AUD |0~VISUAL ¢
Sound/St lde Presentatlon ~ "Function of the Transformer.!

YOU MAY NOW STUDY ANY OR ALL CF THE RESOURCES LISTED ABOVE. YOU MAY
TARE THE PROGRESS CHECK AT ANY TIME.
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Transformar Theory and Operation
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No-toad Condition ‘

. We said that a transformer is capable of supplying load voltages v
which are usually higher or lower than the source.voltage. We also
know that this is accomplished through mutual induction which takes .
place when the magnet!c flelds of the primary winding cut the coils .
of the secondary. Let's look at-what happens in the transformer
under no-load cOndItIOns.

VIR Ay

T

Frfema e e et
g Lo

v, e
,«
. -

A no-load condition exists when there is a voltage applied to the
primary, but there is no load connected to the secondary.

,.
b
*

EEweN

t
1

F

,.
SN
4

SO 11 1)

“Exciting Current in the Primary

Under no-load conditlons, when voltage is applied to the primary,
there is a very small amount of current In the primary. Thls cur-
rent is callad exciting current. Essentially, what the exciting
current does |ls excite the coll to create a magnetic field.

The amour.. of exciting current is determined by three factors:

(1) the amount of E_, (2) the R of the primary coil’s wire and core
Josses, and (3) theaxL which is dependent on the frequency of the
exciting current.

This very small amount of exciting current serves two functions.

. Most of the exciting current is usad to support the magnetic
_ field of the coil. :
. s 2. A small amount of current is utilized to overcome the resist-
- £ ance of the wire and core, and this is dissipated in the form .
. of heat {power loss)} .

Producing a CEMF

* B -

As alternating current is passed through the primary coil, a mag-
il netic fieid Is established around the coll. “s the lines of flux

Mﬁ.:'ufam e.."' /‘r" N ST R
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expand outward, reltative mo-

/— /’\\ tion is present, and a CEMF
* Is Induced In the coil.

— Observe that by the left-

H hand rule for coils, we can

: ] * determine the N and S poles

h ~ -+ ) of the cofl. Flux Is leaving
\\ g'\\./ ! the coil at the N pole, circling

the coil, and entering the coil.
at the S pole.

- \

Polarity of CEMF .

If we analyze the left half of the coll, we see that flux
outside the coil Is pointing downward, flux motion Is toward
the left as the fiux expands, and the EMF Is Induced with a
polarity which opposes the applied voltage, thus opposing

‘ current flow.

. v

.J

E_ and CEMF are how many degrees out of
phase? '

p—
The CEMF opposes the applli+d volitage at an angle of 180°; therefore,

CEMF is In direct opposition to E . On one half cycle the polaritles
will look Iike this:

. Then on the next half cycle,
polarity of the appiied voltage
reverses. Current flowing

N = through the coil In the opposite
T — direction reverses the N and §
CEMF . poles of the coil and reverses
- + . the polarity of the induced
' s + voltage.
» ' ’ Thus In efther half cycle E
: S . and CEMF are [n direct oppo?ItIon
: \ + + to each other. Y
| _' -— CEMF As Tong as we have an AC voltage
: N — - appllied to the primary coil, the
. primary Is constantly Inducing a

counter EMF.
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Inducing a Voltage In the Secondary

When two colls In electrically
isolated circuits are positioned
so that flux lines of one cut
the coll of the second, we know
that mutual inducticon takes
ptace. A voltage is induced in
- the secondary.

This illustrates a primary and a
secondary coil with the secondary
wrapped around on top of the primary.
In this example, the secondary cofll
has only one turn. Mhotice it ls
wound fn the same direction or

sense as the primary.

If we could open up the secondary )
coll, we could see in which direction
the voltage would be induced. If
we examine the left side of the dia-
gram, observe current flows into the
top lead of the primary. Lines of
force .are generated which produce

. a N pole at the top of the coil.
During the time that primary current
is Increasing, the flux lines ex-
pand outward from the primary and
cut the secondary conductor. Thus,
the secondary conductor appears to be
moving inward, or.in this directlon ~+.

Using the feft-hand rule, then, a
voltage [s being Induced in the
secondary In the direction shown.

The EMF éppears to be coming out
of the paper on the left side of the
coll.
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- If you were viewing the coil
- from above, the voltage

virecticn of Currept in Primary induced in the secondary tends
to force current through the
winding in a counterclockwise
direction, whilp the EMF ap-
plied to the primary forces
current through the primary in
a clockwise difection. There-
fore, the voitage induced into
the secondary is identical to
the counter EMF Induced fnto
an adjacent primary turn.

T
-
:v’.
N

- -~
N —— bt T

Direction of Current {n Secondary |

Polarity or Sense : .

v

. The}c‘larlty of the secondary voltage depends on:

‘1. the direction of the windings. .
2. \the arrangement of the connectlions to the external cireuit.

same dlrection. The sense
-dots {(®) on the schematic indi-'
cate the ends of ihe windings
which have the same polarity at
the same instant,

2y = In figure A, both the primary
“E and secondary are wound In the

tf you move the negative

le-d from fts position in figure
8 so that it Is below the posi-
tive lead as shown In figure €,
the location of the sense dot on
the schematic of the secondary
does not change; however, polar-
ity to the load reverses.

.
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The other way to change the polar-

ity of the secondary is to

wind the secondary In the Opposite
direction in which the primary Is

wound; this aiso 1 _sults in

reverse phasing as shown in figure D.

If the secondary winding 1s wound in the same direction as the pri-
mary, the sine Save qoing into the primary is Identical in pofarity,
or sense, to th slne wave coming out of the secondary.

O Oy A A

input output . input \ output

However, if the secondary wlnding is wound In the opposite direcg\on
of the primary, the sense Is reversed.

' In this example, the sine waves
E look like this:
e

input . output
The phase has been reversed.

Note that because AC is constantly changing potarity, instead of tabeling
colls with (=) or (+) we use sense dots to indicate identical phase.
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Load Conditions

Under no-toad conditions, you
krow that we hove induced a
voltage in the secondary winding
which has caused a displacement
of electrcns. However, because-
there Is no complete path,

there is no current fiow.

-

"t fo e —

-

[3

If we close SW1 in the above schemitic, the ioad draws current
from the secondary. When a secondary is supplying curvent to 2
load, the transformer is operating under load conditions.

When a transforme: is opera*ing urder load conditions, current flows
through the secondary and produces a magnetic fiux field around the

secondary winding, HNow the flux
field of the secondary interacts
with the flux field of the pri-
mary. From Lenz's Law we know
that the fiux field of the second~
ary is in direct opposition to

the fluv .eld of the primary.”
Thus, the sazcondary flux cancels
out some of the primary 7lux.

As a resuit of a reduction of the primary ¥iux flald, the CEMF in
the primary decreaszs. As CEMF decr:asec, ~uirent in the primary
increases. AS currant increases, it re-esiar:ishes the lines of
flux around the primary that were cancellea .ut.

Any time you go from @ no-toad to a load cc “rion, for a brief

time flux lines interact and canrel each otlicrs CEMF in the prinary
decreases, current rises in the primary ano re-establishes the flux
lines. With normal loads appiied to tl.e s2condary, total flux does
not vary more than 2 or 3 percent.

g

EKC ‘ L3

PAFullText Provided by ERIC Ed,a'_\f,_f r .
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY .
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND :
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. :
NOT, STUDY ANY METHGD OF INSTRUCTICN vou WISH UNTIL YOU CAN ANSNER

ALL THE QUESTIONS CORRECTLY. -
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PROGRAMMED INSTRUCT ION
- ' LESSON i1

Transformer Theory and Operation

-

THIS PROGRAMMEO. SEQUENCE HAS NO TEST FRAMES.

e

1. Recall that a transformer operates by mutual induction between two
or more coils; as long as there is a changing voltage applied to
the orimary, there Is a voltage induced in the secondary.

S

in the schema®ic shown: °
#. WIlI the 2 be an Induced voltage?
b. Will there be secondary current?

{a. yes; b. no}

v

2. A no-load condition exists whes there Is no load attached to the
- sacondary (an open secondary circuit). This results in a nearly
' pure inductive load on the source.

The factors which degermlng‘ho-ioad primaiy current are:

a. secondary voltage.

b. resistance of attached loads.
c. resistance of primary windlings.
d. primary voltage.

e. CEWF of secondary.

f. inductive reactance of primary.
g. frequency.

h. resistance of secondary winding.

- e e m T W om W m m m M

{c. resistance of primary winding; d. primary voitagé; f. Inductive
reactatice of primary; g:_frequency} .

R A Lo

s

S

%

.%5
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3. The small ampunt of current that. flows in the primary in a no-load
condition is called exciting current.

What is the exciting current in this circuit?’ (SinEe XL is much
larger tnan R; neglect R.)

I
Eo 120V £s 240V
f 60N R1SQ

R 1.00 L 300 mh

T (& 1.2a)

il

Exclting current, like current in any inductlve circuit, ls ac-
tually composed of two pacts, |, which overcomes the power loss
due to the resistance of the wiﬁding, and IL which supports the
magnetic fleld around the coil.

Label the vector diagram.

S. Exciting current flows in the primary in a no-load condition; it
supports the magretlc field around the coil and & small part of
it overcomes the resistance of the and suppl ies the
power for losses due to this resistance.

- o m o om W™ m om om EE 4w e W o om o m w m W o o o o o o ke omm ke e m m  om

(winding or coit)
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6. . Exciting current: .

a. supplies 1 to the load.

b. supports magnetic fleld of fprimary coil.
c. Is found in the secondary.

d. 1s all dissipated as heat.

e. overcomes the R of the winding.

{b. supports magnetic fieid of primary coll; <. overcomes the R
of the winding)

!

Taking one winding dt a time, the study of the operatlon of a
transformer should ke nothing more than a review. Rerall that as

the magnetic fiald around a coil expands, a CEMF is induced which
opposes the applied voltage.

Label. the instantaneous polarities of CEMF at ﬁoints A and B.

= -

AN

{A. ;; B, +)

CEMF and applled voitage are out of phase.

- W o N s E T S o E o B ™ M m A B e W W oW
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+ 9 As long as we have an AC voltage applied to the primary coil,
the primary is corstantly ifnducing a counter EMF. -

..x;—‘
IEN b

A

- Time-graph and label the phase retlationship between Ea and CEMF.

e R e

-
5 L e
RS SR

-

i ;wnn-.mmw i
-
-z

10. When two coils are ﬁositioned so that the flux lines of one cut
the turns of the other, they are said to be ifnductively linked
and a voltage is induced in the second coil.

- +

R e e

in which of the examples shown would the largest voltage be induced .
in the secondary? ). - __._
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11. in the majority of transformers, the secondary is wound directly
on top.of the primary.

Why 1s thls done?

{incraiase coefflicient of coupling, or magnetic coupling between
the primary and secondary coils.) {or words to this effect.)

As shown in the figure below, the can be wound on
the same iron cylinder. ;;a

{coils)

As the magnetlc fleld expands outward, an EMF is induced in the
secondary. The polarity of the induced voltage can be determined
by applying the left~hand rute for generators as shown in the

“THlustration.

Label polarities at peints A and Bx'""\il;”‘m

Il

i
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14, Assuming that primary current is increasing, label the secondary
polarities at points A and B.

T

” - L gl .,
',

® >

g

Taan

15. The polarity of the secondary winding as'compared to primary is
indicated by sense dats. The dots indicate points which are of
like polarity at any.instanr.

—_— s ¢
!
s--‘o .l

-~

indicate points of

~
-l

like polarity on the examples below.

O
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16. There are two factors which determine the polarity of secondary
volt?ge. The first Is the direction of winding. |{If both the pri-
mary and secondary windings are wound in the same direction, the
polarities {sense) of both are the same. The second is the
arrangements of the connections to the external circuit.

Using sense dots, indicate on the schematics points of like po-
larity for.each example.

m

.\

il

2

17. Recall that a power transformer is usualiy used to step voltage
up or down. As the magnetic field around the primary expands
outward, a counter EMF is induced in the primary; this same mag-
netic field also cuts the turns of the secondary inducing a

voltage there,

Is there any secondary voltage when the magnetic field re-
verses direction and collapses inward?
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« / - :
18. The voltage induced In each turp of the secondary Is equat in
_magnitude to the counter EMF in each turn of the primary.
If there are more turns In the primary than in the secondary It
is a transformer . '
step~up/step-down

(step-down)

* 19, Match.

1. 100 vobt output and 50 volt input step-up
2., E_of 117 volts; E_of 2k volts

ppimary with 60 tufns and secondary

with 40 turns

transformer in your power supply

(0.a; 2.b; 3.b; 4. b)

- 20. In the figure below, if switch | Is closed, there is a
current flow In the secondary.

S

I's there any magnetic fleld assoclated with this current flow?

yes
no -
insufficient tnformation




Pl‘\

Ten- 1}

21, When a transformer is operating under load conditions, the current

flow in the secondary produces a magnetic field which opposes
the magnetlc field of the primary.

L

Indicate the polarity of the secondary fiux fieid,
the rules concerning lines.of flux.)

PRIMARY
FLUX

(Keep in mind *

ARIMARY  ppimar Secondar
FLux ¥ ¥

South

Primary Secondary SECONDARY
South North FLUX

61y
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- 22. The opposing magnetic fields cause a decrease In the originai
primary flux field. This causes secondary voltage to momentarily:

a. increase.
b. decrease.
no effect.

(b} decrease

The magnetic fleld produced by the secondary current opposes and
consequent |y reduces the effect of the flux fieid of the primary.
This In turn reduces the counter EMF of the primary coil.

The EMF of the primary, together with the CEMF effects, tends to.
make the primary current .
increase/decrease

{increase)

The increased primary current re-establishes the primary's
original magnetic field.

4

What effect does this have on sccondary voltage?

a. increase to original value
b, decrease further
no effect

{a) increase to original value
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25, Although the magnetic field of the primary momentarily fluc-
tuates to a considerable extent as loads are added to the second-
" ary, the overall effect.does not result in a variation of more
than 2 or 3 percent from the original flux field.

This results in:

a. unstable secondary output.
.- stable secondary output.
limited applications for transformers.

{b) stable secondary output

To summarize, any time you go from a condition to a
load condition, or add another load, the induced magnetic fleld of
the secondary opposes, the existing primary field. This has the

ef fect of decreasing CEMF {opposition) in the primary cdil, allowing
primary current to Increase, re-establishing the original magnctic
field strength, and restoring the secondary output voltage to its
original value.

tno-load}

. Transformers are self-regulating devices. As additional loads .
are added to the secondary, there is an increase in primary current
due to the interaction of the magnetic fields. This increase
In primary current supplies the power to operate the additional
lozds.

How does a transformer compensate for increases in secondary
power dissipation.

increase in secondary resistance.
increase in source voltage
decrease in seccndary resistance
decrease in primary opposition

{d) decrease in primary opposition
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YOU MAY NOW TAKE THE PROGRESS CHECK, DR YOU MAY STUDY ANY OF THE OTHER
RESOURCES LiSTEP. IF YOU TAKE THE PROGRESS CHECK AHD ANSWER ALL THE
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. |IF NOT, STUDY ANY

METHOD OF INSTRUCTION YOU WITH UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORREC'/LY.
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SUMMARY
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Transformer Theory and Operation

When we studied inductors, we saw that the CEMF pioduced opposed, or
was 180° out of phase with, the applied voltage, £ . if a transformer

- operates in a no-load condition, as in the figure, there is no current
flow in the load and the situation in the primary resembles that dis-
cussed for an iron-core inductqr.

Ea

A small amount of current, called the exciting current, flows in the pri-
mary. (This current excites the toil to produce the magnetic field in
the core.} The amount of exciting current is determlned by three
factors: (1) € , (2) the R value of the primary coil and coraz iosses,

and. {3} the X falue which is dependent on the frequency of the ex-
citing current.

We know that a voltage is induced In the secondary coil, however, with
the switch open, no current flows through the load. In this lesson we
wish to Investigate the polarity of the voltage induced In the secondary,
with respect to the polarity of the applied voltage. Using the left-
hand rule for generators, we find that. the relative polarity of the
secondary voltage depends on:

1. the direction of the windings.
2. . the arrangement of the connections to the external circuit,

e
pra— . - | ]

e +

In the above arrangement on an iron cylindricai core {for simplification},
we see the primary and secondary coils are both wound in the same direc~
tion. The sense dots in the schematic indicate tte ends of the windings
which have the same polarity at the same instant of time. MNote that we
can change the polarity to R {with respect to Ea) by reversing the
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secondary lead connections:
-— - b g

+ +

Here, the sense dot onp the schematic does not change, since we have not
changed the direction of the transformer.coil windings.

However, instead of reversing the leads to change polarity, we.could
have substituted a transformer whose secondary coil was wound in the
opposite djrection to the primary. Here we have:

+

us examine the waveforms of the two cases.

Minding input

O/

The above analyses are for steady-state conditions. As we go from a
no-load to a load condition {when the switch in the secondary cirzuit
closes) for a brief current buiid~up time, flux lines interact and, by
Lenz's Law, tend to cancel each other. The CEMF in the primary decreases,
current rises in the primary, and the more fuily developed magnetic field
is re-established. Witk normal loads applied to the secondary, total flux
does not vary more than 2 or 3 percent,
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YOU MAY NOW TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE

. LESSON NARRATAVE OR THE PROGRAMMED INSTRUCTION OR BOTH. |IF YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY,
GO TO THE NEXT LESSON, IF NOT, STUDY ANOTHER METHOD OF INSTRUCTION
UNTEL YOU CAN ANSWER ALL THE QUESTIONS CORRECILY.
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¥ OVERVIEW -
LESSON 111

Turns and Voltage Ratios

In this lesson, you will study and learn about the following:

;determining the amount of induced
voltage

~the voltage induced in the secondary
cofl

=flux leakage

-amount of induced volitage in the
secondary

=turns ratio

-voltage ratio

~using the turns ratio

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES

ON THZ NEXT PAGE.

M

@

2
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L4ST OF STUDY RESOURCES
LESSON 111

Turns and Voltage Ratlos

To learn the material in this lesson, you have the optioﬁ of choosing,

according to your experience and preferences, any or all of the
following:

STUDY BOOKLET:
Lesson Narratlve

Programmed Instruction
Lesson Summary

ENRICHMENT MATERIiAL:
NAVPERS 93400a-2 (Chapter 15) wasic Electricity, Power Supply
and Amplifiers." Fundamentals of Electronics. Bureau of

Naval Personnel. MWashington, D.C.: U.S. Governsent Print-
ing Office, 1965.

YOU MAY NOW STUDY ANY OR AtlL OF THE RESOURCES LiSTED ABOVE. YOU
MAY TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRAT i VE
LESSON 11

Turns_and Voltage Ratios

Determining the Amount of Induced Voltage

;Nhen we {nduce & voltage Infthe primary winding, the CEMF Is

. ,Just about equal to the appiled voltage, Thus, If the applied
voltage is 60 v, for all practical pruposes, the CEMF is also

If we have a coll which has
60 turns that means that the
wirs is wound Into 60 Toops.
Thesz turns can be counted.

If we know the applied voltage
is 60 v, then we can assume
that the CEMF In the primary
will be 60 v. If the primary .
hes 3 turns, then each turn
must be +roducing 1 v of CEMF.

By dividing the E_ by the number of turns, we can datermine how
many volts of CEMF are induced In each turn.

If the E_ s 120 v, and the primary coil i.as 60 T (turns},
how many volts are being induced !n sach tura? -

If E_ §s 120 v, then CEMF nust be bde 120 v. Ey dividing the amount
of CEMF by the number of turns (60 T}, ws find that 2 v are Induced

in each turn.

Voltage Induced In the Secondary Coil

The factors which determine the coefflclient of coupling are
major factors‘ln determining how much voltage is Induced In the

71
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secondary, Ideally, we would want all the flux lines of the primary
to cut all the turns of the secondary. This wouid give us unity
coefficient of coupling,

Flux Leakage

Realistically, not all the flux lines of the primary can cut
all the turns of the secondary; so a small loss occurs. This
loss is called flux leakage, and refers to the flux lines of
the primary which do not cut secondary colls,

To minimize flux leakage, a good transformer uses a high-
permeability core, and places the windings close together,
In this course, we will normaliy consider transformers to be

perfect.

Amount of induced Uoltaggfin Secondary

The amount of voltage induced in each secondary turn is
equal to the amount of CEMF induced in each primary turn
when the coefficient of

60 TURN PRIMARY coupling is 1. |In this
iliustration, the primary

has 60 T, and the CEMF is
60 v, so 1 v is belng In-
duced in each turn of the
winding,

Observe that the secondary
winding has only onre turn,
Therefore, the voltage in-
duced in the secondary is

only 1 v,

ONE TURN SECONDARY>

If the secondary'had two turns, 2 v would be induced in
the secondary {1 v in each turn),

The amount of voltage induced in the secondary is determined by
the applied voltage, the coefficient of coupling, and the number
of turns in both the primary and the secondary.
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If a 10T primary has an applied voltage of 10 v, what
Is the induced voltage In a secondary winding with
2 T?

Primary = 10 T
10v

Secondary - 2 T

{f the Ea Is 10 v, CEMF In the primary is 10 v. Witha 10T
primary, each turn has 1 v of CEMF Induced. Therefore, in a
2 T secondary, we have an Induced voltage of 2 v {1 v per turn).

Step-Up_and Step-Down Transformers

N When & transformer has a ¢ ‘ondary winding which has fewer turns .
.o than the primary, the output, or Induced voltage to the load, Is .
: . less than the applied vnltage. When the output voitage Is less .
ot than the Input, the transformer is a step-down transformer; it o
- steps down the voltage.

. On the other hand, if there are more turns on the secondary
- than there are on the primary, the transformer has a greater v
v secondary voitage than the applied voltage. When the output '
L Is greater than the tnput, the transformer is a step-up
AT transformer. Power companies use step-up transformers to
' ' Increase voltages to very high values for efflclent transmission
over long distances. A step~down transformer at a sub-station

or on a power pole near your home takes thi- high voitage and '
S steps It down to the proper voltage (110-220 v) for use In your
= home. 1 .
15;-' ' ) BetLause the amount of induced voltage in the secondary winding a

i of a transformer depends largely on the voltage in tne primary
. and the turns ratio of the primary to the secondary, let's
; think about ratltos for a few minutes.
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Turns Ratio

A ratlo Is a comparison of one number to another number. This
comparison can be expressed in several ways:

1. in a fraction
2. In ratio form
3. It words

[f we want to commpare the number of turns in 3 primary wind-
ing of 10 turns *;ith the number of turns in a secondary with
one turn, we can express this as:

10
]o -"'l_

2. 102
3. 10 is to

A 10:1 turns ratio means that for every 10 turns in the primary,
there is one turn in the secondary.

If we have a step-up transformer with five turns in the pgimary
and ten turns In the secondary, this can be expressed as T, which
can be reduced to = or & 1:2 ratlo. That means that for éeery
turn in the primary, there are two turns in the secondary.

Vol tage Rati>

4

In this transforimer, we have a
10:1 turns ratio. We have 10 v
Ng applied to the primary (E ) and
1 10 turns (T} in the prima?y.
- We know, tlierefore, that the
voltage induced in each coil
of the srimary Is 1 v.

01

The Induced veltage in the secondary (E_ ) is equal to the
amount of induced voltage In each turn 3f the primary times the
number of turns in the secondary (NS).
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Tharefore,
E, = (1v) x (17)
ES = | vy

Notice that £ s 10 v and ES is 1 v. This volts ratio can be
expressed as ¥0:1.

Observe that the turns ratlo .and »olts ratio are the same.

Volts-Turns Propnrtion

When two ratlos are equal, they can be expressed in a statement
of proportionallty. This statement says _Lhat the two ratios are

equivalent.

Proportions can be expressed In these ways:
1. words
2. fractions
3. .proportion statement

1. volts ratio equals turns ratio

E N
2. £= ﬁE' or L
E, S 1

100 x 1
10 x 1
10

Solving for an Unknown

1f you know three numerals of a statement of proporticn, you
can solve for the fourth by working the equation.

For example, if you know the turns ratio is 5:1 and the applied
voltage to the primary is S0 v, you can determine the secondary

vol tage.

N

E N
EE =B (state the proportion)
s s

‘3
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Sg A =-:|5- (substitute known values)
s
5 Es : ?g : ] (cross multiply and solve)

We have determined that the secondary voltage is 10 v.

Solve for NS.

Np

éor Ng ?

P Es 20v
80v S

You know that the volts ratio is proportisnal to the turns ratio;

therefore:
N
-2=-_P
E N
s s
80 v 16
20 v Ns
80 N = 320
N =4
s
N =47
s

Perhans vou saw that there Is a simple way to solve thls. |If
the Ep‘ls 80 v and E 1s 20 v, then:

by v

= a ratio of 4:1.
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N =47
s

By uclng proportions, You can easily solve for an unknown
voltage or number Of turns In either the primary or secondary.

PRDBLEMS

60V Es 20V

What |g the
turns ratlo?

Check your answers below:
ANSWERS :

I. Np = 18T

2. Es = 100 v

3. S:l

AV TH15 POINT, you MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY NY
OF THE OTHER RESOURCES LISTED. |IF YOU TAKE THE PROGRESS CHECK AMD
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO0 TO THE MEXT LESSON. [F NOT,
STUDY ANY METMOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCT ION
LESSON [11

Turns and Voltage Ratios

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES,

1. Consider a perfect {100 percent efficient) viransformer,
Since the woriiing current flows for the same interval in
both primary and secondary, and since power i5 work per
second, then Ppri Xxt=P . xt, Since the t's are equal,
we may cancel them., When this Is done, we see that the
primary power the secondary power; thls
directly follows from the law of conservation of ensrgy,

{equals)

In a perfect transformer, If the secondary power consumption
is 100 watts, the primary input power must be 100 va.

If conditions change so that the secondary power consumption rises
to 250 watts, then the primary power input must automatically

change to

(250 va)

In an AC circuit employing a transformer (100 percent
efficiency assumed), a 1,000-watt floodlight, connected
"across the secondary, llghts to full briltiance. Thus, the
power input to the prlmery must be
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4. 1n the figure shown, the transformer has a primary-to-secondary
turns ratio of 20:1 (read 20 to 1). The ratio of primary

100

Primary
turns

Secondary
5 turns

C voltmeter

EMF to secondary EMF is the
same as the turns ratio; 100
volts in the primary induces
5 volts in the secondary. |If
the secondary is now increased
to 10 turns {turns ratio now
10:1), the secondary voltage

{10 volts)

In the same transformer, 1f we Increase the secondary turns
to 20 turns (ratio 5:1), the secondary voltage becomes

In thls step-down transforwer, it is apparent that the

primary-to-secondary voltage ratio is the same as the primary-
to-secondary turns ratlo. Thus,
and the secondary 50 turns {retio 10:1}, a primary voltage of

20 volts yields a secondary voltiage. of

if the primary as 500 turns

{2 volts)

7.

Tp = 2700 turns

IS = 900 turns

in the transformer shown

in this figure, the turns
ratio, primary-to-secondary,
's
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8. Since the secondary voltage of the transformer in frame 7 is
22 volts, the primary voltage must be voits.
(66}

9. The volitage ratio to the turns ratio relationship is best expressed
in a simple equation thus:

E N
2. _P . Y
Es Ny

If a perfect transformer has a primary voltage of 120 volts
and a secondary voltage of 20 voits, its turns ratio must
be .

- w e w m w m ow om ol w oW m w oE om w M o m m m e o= e o= = = = 2 - - -
(6:1) ' .
. ' ’ > u
s . 10. The same equation holds true for step-up transformers in which

the secondary voltage is higher than the primary voltage. A
transformer has a turns ratio of 1:4 (note that this is one
. . primary to four secondary turns). Thus, a voltage of 25 pri-

. «mary volts produces 100 secondary volts. In the same trans-
' former, 120 volts applied to the primary yields .
‘ secondary volts. .
) 1480)
!
8

1. A certaln power transformer (assume 100 percent efficiency)
steps up the voltage from 120 primary volts to 120,000 secondary

L \ volts. The turns ratio of this transformer, primary to

' ' secandary, must be o .

1  m o T = e e e o = e e = me e

. 7:7.500)
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i2. A toy train transformer that yields 12 secondary volts from a
120-volt AC sou~ce has a turns ratio of

I . T T S . T )

{10:1)

Catculations for |deal Transfarmers -

The behavior of ideal (100 percent efficient) transformers can
be calculated from the following set of basic equations:
- b4
‘ Voltage-turns relaclonship:

Voifage~current relationship:

Current-turns rezlatlonship:

Conservation of energy =2 -

retationship:

\ Ppri

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU pAY STUDY ANY OF THE OTHER
RESOURCES LISTER., IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE
QUESTIONS CORRECTLY, GO TO THE MEXY LESSON. |F NOT, STUDY ANY METHOD

OF yWSTRUCTION YOU WISH LNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

=P orE!
="bp




. . Summary Ten=111

SUMMARY
LESSON 111

., Turns and Voltage Ratios

The total voltage induced into the secondary winding of a trans-
former is determined mainly by the ratlio of primary to secondary
turns and the amount of voltage applied to the primary. This
can be explained using the figure below:

<

?
»

-
LT

L]
L

Part A of the diagram shows a transfermer in whi h the primary

consists of 10 turns of wire and the secondary consists of a single
turn of wire. Notlce that as the Vlux generated by the primary ex-
pands and collapses, it cuts both the primary turns and the secondary
turn. Since the length of the wire In the secondary turn is approxi-
mately the same as the length of wire In each primary turn, the voltage
induced into :he secondary turn ts the same 23 the CEMF Induced Into
each primary tura.

If the voltage applied to the primary winding is 10 voits, the pri-
mary CEMF Is almost 10 volts. Thus, each primary turn has an Inducad
CEMF of approximately one-tenth 7 the total primary voltage, or

t volt. Since the same flux lines cut the secondary as cut the primary,
each secondary turn has an induced EMF of | volt. The transformer in

A of the figure above has oniy one turn on the :econdary; therafors,

the ¢-:uidary voltage is 1 volt.

Ti- transformer in part B of the figure also has a 10-turn primary
but the secondary con’ sts of two turns of wire. Sfince the flux
fnduces | volt per t. n, the total secondary volcage Is 2 volts.
Notice that the volts per turn ratio §s the same for primary and
,secondary windings.

§2

7
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-This last statement can be used to derive an important relationship
between the number of turns of each winding and the voltages across
the windings. as follows: The volts per turn {(V/T) in the primary
Is obtained by dividing the voltage across the primary (E ) by the
numFer of turns on the primary (Np). P

, E
; (1)
, v/ "'ﬁi‘

e Iy
- “n

ke

i

-

Transposing (1) yields:
Ep = Np x VT

The volts per turn across the secondary are:

Es
WT=H-
s

Transpesing (3) gives:
Es = Ns x V/T

Where: E_ = total secondary voltage in volts
N” = number of secondary turns
¥/T = secondary volts per turn

Dividing equation .(2) by equation (4) gives:

E, = Ns X W/T

Since secondary V/T equal primary V/T, they zancei 'eaving:

E N
-F = B
Bs N (6)

This fmportant equation shows that the ratio of yrimary to secondary
voltage is the same as the ratlo of primary to secondary turns. |f
any three of the quantities in equation (6) are known, the fourth
guantity can be computed.

Examble i
i

© A transformer has 2000 primary turns, 500 secondary turns, and a
primary voltage of 120 volts. What is the secondary voltage?

e L Lo
; n‘ﬁ"s‘ﬁ\‘ﬁ-\'wfn&aﬁ BT i d By

.’.
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B _ . . .
g Given: N_ = 2000
] P
%
; Ns = 500
. E =120
p
Es = 7
Solution:” E N
* _E. = —E- (6)
E N
5 5

Transposing for Es:

Substituting the glven values:

Ee = —2500

Es = 30 volts

Exampie 2
"i, A technlcian has an iron core choke {coii) consisting of 4000
3 turns. If the existing choke winding is to be used as a pri-
£ mary, how many turns must he wind for a secondary to construct
y: a transformer in which tfie secondary voltage will be one~fifth
: the primary voltage?
'%{' Glven: N_ = 4000
[ P
] E =5
p
Es = |
Ns =1
solution:
3 N
B__B (6)
Es Ns
Transposed: E N
. N o ;
s P

L 4 N -, ' 3 ’
. R L 4Tk
> 4 s [P TP O s 910 ‘(2- i
éﬁ% 15&‘:5?:‘:\‘5". i e gt S S A ST I SN
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]

1

Substituting the given values:

N = ? x 4000
1 S

1 i 5
‘ Ns = 800 turns

The transformers in the two example problems have fewer secondary
turns, and as a result, have less secondary voltage than primary
voltage {step-down transformers). |

In each case, the turns ratlo {(or voltage ratio) may be expressed
numerically. The first number refers to the primary of the transformer
and the second number to the secondary. '

{Example: &:1)

AT THIS PDINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, DR YDU MAaY STUDY
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. {F YOU
TAKE THE PROGRESS CHECK AND ANTWER ALL OF T4E QUESTIONS CORRECTLY, GO TO
THE NEXT LESSON. iF NOT, STUDY ANOTHER METHOD OF INSTRUCTION UNTIL YOU
CAN ANSWER ALL THE QUESTIONS CORRECTLY.

]
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Overview

OVERVIEW
LESSON 1V

Power and Current

-

In this lesson, you will study and iearn about the following:

~power in transformers
-current ratio

-conservation o® energy
-current and power in multipte

secondaries

BEFORE YOU START THIS LESSON, PREVIEW THE LIST QOF STUDY RESOURCES
ON THE NEXT PAGE.
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LIST OF STUDY RESQURCES
LESSON IV

Power and Current

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the
following:

STUDY BOOKLET: .
Lesson Narra;?;gpu
Programmed ‘Instruction
Experiment

Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-2 (Chap.er 1S) "Basic Electricity, Power Supply

and Amplifiers.” fundamentals of Electronics. B8ureau of

Naval Personpel. Washington, D.C.: U.S. Bovernment Printing
Office, 1966.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ASQVE. YOU
MAY TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRAT | VE
LESSON IV

Power and Current

Power in Transformers

o make computations easler, we will assume that a transformer
Is a devlice which is 100% efficient. [f a transformer is 100%

efficient, then power In the primary equals power 1 the second-
ary, ascording to the ilaw of conservation of energy.

We can state this formula as:

P =p

C— P s’
£p EEF Power in Primary = Power In Secondary
Ov s
100w
% Observe that we have (0 volts in
Y)0ve the primary and the turns ratlo
10 . 1s 1:10. Therefore, the sec-

5o ondary voltage Is 100 Yolts.

If E s 100 v and P 1s 100 va,
what®is current throdgh the sec~
ondary?

Cv transposing the power formula P = El, then | = %

100 va

“Joov = |2

!

Observe that the Lower formula can be a very useful ton] to
help you solve for other quantities In elther the primary or
the secondary.

' 51 Find curcent In the primsry,
I 20v :

54

0,
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Here you know that E_ = 20 v, and the turns ratlo Is 5:1; there-
foré, € = 100 v. Y8u also know that Po = Ps so, I P

Is 200 va, Pp must be 200 va.
P = Ei
200 va = {100 v) x (7)

Therefore, current in the,primary must be 2 a.

Yhat Is !s In the clrcutt above?

Current through the secondary can be determincd by dividing
volt-amps by volts, so that IS = 10 amps.

Current Ratlo

Notice In the transforisr above that current in the primary Is
cnly 2 amps, but current In the secondary is 10 amps. In thlis
case, the current ratio Is 2:10, better expressed as 1:5. Now
recail that the turns ratio for this step-down transformer is
5:1. As voltage was stepped down, current was stepped up by
the same proportion.

¢}  turn- ratio
16 cur rn° ratio

Ve can say then that the curre., jio ts inversely poroporticnal
to the turns ratlo.

Therefore, these ratlos are true:

T —

la)

5
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. Np N,
tpla
2.
Ip? Is
: &
P
300v wbr

By using the proportions shown above, you can solve these
accordingiy., -

I - I

=~I-i:

2, |

= 3
|

p

N
2
N
5
E
B
E
5

Can't Get Something for Nothing.

Another way to icok at tne relationship between voltage and current
in a transformer is this: You can get out of something only what
you put into it.

If a ransformer steps up voltage, then current decreaces
proportionaily.

If a transformer steps down voltage, then current increases
proportionally.

If the turns ratio of a :ransformer is 10:1, what
Is the ~urrent ratio?

Current will Increase by a i:10 ratio.

Keeping in wind that P_ = P_and that current increases or
decreases inversely to'the turns ratio, practice these
problems.

31
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Current in secondary, IS

rumber of turns in P, Np
current in primary,

. power in primary,

power in secondary,

You know E and R in the secondary, sc¢ You can find I by
Ohm's Law.

Qv
29

| =
Is =5 a
To find number of turns in primary:

if you have 50 v Ep and 10 v Es’ the step~down ratio
is 5:1.

if NS is § turns, § x 5 = 25 turns = Np
N =257
p = 2T
or, you couid have worked it this way:
E

£
Es

v ..
ov "

N =25T

p ——————
To find current through the primary, you know that power In the
primary is equal to power in the secondary. So, find the power
in the secondary.
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p =12
P=(5)%2
P=50w (true power)
Primary power (Pp) then is S07Va.
P = El
We know uoltége and power ° the primary, so:
Pp = 50 va
Ep = 80 v

P =
o 0 v x Ip

= |
o a

Current through the primary is | amp.

.

For a short-cut method of finding current, use the inverse of the

turns ratio. .

This Is a step-down transforme: §5:1.

Therefore, current s stepped uvp 1:5.

If the current in the secondary is § amps, current in the primary is
t amp.

Ip = | amp

Solve these problems:

: _—
Is Sa o
Is this step-down
2
| k 50 or up?
-.Es )

Turns ratlo =
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2.

Answers:

1. Ip = 12.5 amps
Step-up
ES = 200 v
turns ratio = 1:2.5

Eg = 0 ’ .
‘Motice the sense dots indicate points of identical polarity.
Trace the circuit and you wilT discover both ends of the re-
sistor have the same polarity at any given instant; therefore,
thére wili be no difference of potential across the resistor.
The secondaries are connected in series opoosition,

Current and Power in Multipie Secondarlies

When you have more than one secondary clrcuit, power in all the
secondary ofrcuits adds up to equal power in the primary. There-
fore, pp a Psi + p52 + .., + Psn' where N means any number.

OF %
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Solving for Pp

To find power In the primary, you need to determine the power In
each sechdary, then add them all together. -

If voltage in St is 10 v, and B_ZS'SQ, then Ohm's Law shows that
1 is 2.amps. Power In S! can then be determlined by either power
formula.

P =&l P =R

%
3

Pe=l10vx2a  or P=baxse
. Therefore, Psl = 20 w

Using Ohm's Law, you can determine that current in $2 is 2 a,
and power in S2 Is 40 w.

Sim]larly, current in S3 is 5 amps, and power in $3 is 250 w.

+

The formula then:

P,+P_ 4P _ =P

sl 52 s3 1]

20w+-'+0w+250w=Pp

Pp = 310 va

Solving for Ip

Current in the primary cannot be determined by 2dding currents in
the secondaries. Current can, however, -be determined in the
primary-if you kaow primary:powe: and primary voltage.

-t

P= EI., therefore | =§
or I = ?g-—ai va .

v
L =6.2a

\"

»
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| =
P
ES| 100v »
s i Ry 50K .
1 )24v
I 552 200v
Rp 40K &
Current in the primary will be 50 ma. )
Solving for ‘52 o

There is a separate ratio of volts and current bztween the
primary and each seconcary. Therefore, current and voltage in '
the secondarles cannot be added to determifig-current or vol 'age
in the primary. Each One Must Be Calculated-Separately.

2
|sl is zero. This schematic indicates a no-load condition. : -

The turns rajio between P.and $2 is 2:1; therefore, the cur-

rent ratio for $2 is 1:2. If P, Is 100 va, and £_ is 100 v,

then current in the primary §s la. By using the current
ratio, if lp is 1 a, then ';2 is 2 a. +
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Practice these, then check answers on next page.

)
1.
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5.

r

ANSWERS:
. I =138 a

[
=
[}

200 T

2.5 Q
o T fg,

£ W
= =

-~
] 1]

AT THIS POINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 97
PRIOR TO TAKING THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE
RESOURCES LISTED. IF YOU DO THE' EXPERIMENT, TAKE THE PROGRESS CHECK,

" AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WiSH UNTIL vYOoU CAN ANSWER ALL
THE QUESTIONS CORRECTLY.

3 . 9




PROGRAMMED INSTRUCTION
LESSON 1V

Power and.Current

-

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES.

1. A perfect transformer having the chat.cteristics shown in-
the accompanying figure is : -
10007 40007 connected to a 100-volt
RIOOQ line. The turns ratio of
1= this transfcrmer lg

2. The voltage produced across the secondary winding is, there-
fore, volts,

3. SinceR is 100 ohms, then the current indicated by the ammeter
in the secondary circuit (according to Ohm's Law) is

4. The power consumed in the secondary circuit, according to the
power equation P = El, must be kilowatts.
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S. According to the law of conservation of energy, if this trans-
former is perfect, the power fed to the primary circuit must

6. The voltage across the primary winding is 100 volts. To

produce a power input of 1.6 kw, the primary current must be
1l . =P /€
- - Pri_ _priCp

N
{1e)

This illustrates the self-regulating action of a transformer
wherein the primary current automatically adjusts itself so
that the power input equals the power output.

if R in the figure in frame | were decreased ta 50 ohms, then
the secondary current would become

This makes the secondary power equal to kilowatts.

The primary power (100 percent efficiency) would then bave
to become

kilowatts to satisfy the YTaw of con-
servation of energy.

et N s npn 93
N g
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. This, in turn, means that the primary current would have to
rise to amps to produce this power input.

. The voltage-current relationship in a transformer !s thus de-
pendent upon conservation of energy. Since Ppri = Psec’ then

Eplp = Esls. Changing this to a pair of ratios, we obtain

tn summarizing, we might say that if a transformer steps up
the voltage by a factor of x, then it steps the current down
by a factor of x. If it steps the voltage down by a.factor
of z, then it steps the -current by a factor of z.

13. The ratio E /E = N {N has been established. Also, the

relation E /E = | }4 has been established. Combining

these expresssions, we can obtain the connection between
turns ratio and current ratlo. Thus, N /N =
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PI'I \ (J

‘4. Applying the relationships just established, we can find

1000 the secondary voltage,
6007 v oK« secondary current, and
primary current in a per-
fect transformer such as the
one in this figure. First,
the turns ratio is 600 to

. The secondary voltage appearing across the transformer ter-
minals must therefore be

{600 volts)

. Since the resistance in series with the secondary winding is
6 kohms, the secondary current must therefore be

L)

- (0.1 ampere)

by the secondary\ voltage. Hence, in this éxample the secondary

17. The secondary H@Efr is found by multiplying the secondary current

{60 watts)

From the law of conservation of energy, we may say that the
[.rimary power dissipation s , assuming
100 percent efficiency.

{60 watts)




Y]

i

P.I. . Ten~ 1y -
19, Thus, the current flow:ng in the primary must be ‘ .
’ 2
{0.5 amps) . T

i

20. Using the turns-current relationship established above, we can .
check this reasoning by determining the primary current in a
second way. Thus, N /N = | /I b Now, substituting the turns

ratio of N /Ns and 0.1 amps for | g He find that | _again turns
out to be P . . F

2°

(d.5 amps)

Y]

6o back to pgge 90 and solve practice probleis prior to performing
experiment on page 97. .




E«periment
EXPER |MENT
Transformer
.Draw #9 M2at Board from resource center. Insure that the Neat ‘Board
. has a power cord. - .
Neat Bgard #9 is a step-down transformer test board with resistive
loads connected through switches to several secondaries.

The turns ratio of primary to secondary is not given; however, with
either E /E_or |_/l _, turns ratio can be determined. Bear in

mind tha® tgq terfis £ /E_ and | /1 pertain to primary/secondary
voltage and primary/sBcofdary cBrrént. The symbols wilt be used
frequently. .One point to®remember, this Neat Board contains dangekous
voltages; use caution when handling test probes. Insure all switches
aresyin the off position. Connect power cord to the Neat Board in re-
ceptable provided, and plug cord Into wall outlet.

Step 1.

Set Simpson 260 Range Switch to the 250-volt range and
Function Switch to the AC position; connect test leads to
""eommon and +* jacks.

Step 2.

Touching onily the insulated handles of the probes, insert the
tips into. TP 901 and TP 9101 Watching the meter scale of the
Simpson 260, turn S1 (located just left of the "power on'

- indicator lamp, on the Neat Board} to the ''on" position.
(1} Record voltage reading from TP 901 to TP 910: . .
This is the primary or line voltage. (2) Recurd the primary
current measurea by meter MI: .

r
-

Step 3.

,- v

With the meter still connected to TP 901 and TP 910, watch
the meter closely while you turn $2 to the "'on" position.
$3 and S5 should be open and S& should be in the TP 905
position. Place R2 In the full C.W. position. (3} Record -
the current flow from M2: . .

Step &.

Remove your meter test leads from TP 901 and TP 910 and place
them in TP 902 and TP 903, Open $2 and carefully turn the
meter Range Switch to the 10~volt position. Close $2. (&)
The meter indicates _ volts.

L

1n.
97 U i

4
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étep 5.

The toad in this circuit is rated at 25 watts; (5) what is the

actdal power being dissipated by the load? watts.

(6) what formula did you use to determine the power<dissipated?

Open 52 and remove test leads.

.

-

Step 6.

furn meter Range Switch to the 250-volt position, plug test leads
into TP.904 and TP 905, and turn the Range Switch to the

50-vol't scale. —Turn Sk to TP 905 rosition. . (7) with
.53 and S5 open, record voltage.reading from TP 904 to TP

905: . (8) Record -the current reading indicated on

M3 of the Neat Board:

Step 7.
Notice that under open circuit conditions, E_ (TP 904 to
TP 905) is 35.0 voltssand i_ is O amps . (9) Now turn 53
"on" and record Es and Is ad indicated by your meters.

b 2 . (10} secondary

by | volt. Primary current

vsltage
. increased/decreased
increased by 0.1 amps. Place Rk in full C.W. position.

.
1

Step 8.

" -

Take the test lJead from TP 904 and move it to TP 906. (il)
Record voltage between TP 905 and TP- 906: . (12}
Record | as indicated Sy M3: . Notice current and
voltage Rave not changed, .thus indicating a center-tapped
secondary. You will see.that a 0.5 a.p Increase in | _results
with a 0.) amp increase in |_. Thls same condition e§isted
across TP 904 and TP 905. -

2

Step 9.

With S4 still in the TP 905 position, open $3, turn the Range
Switch on.the multimeter to the 250-voit posutlon. and move
the test tead from TP 905 to TP 90k. This places the meter
across the complete center- tappod secondary (13) E_ is )
volts under open circuit conditions.
-
Step 10.

Close $3.
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Step 11.

Ciose 55. |
Place Rb
fully CCW E

5

5

Step 12,

Turn S& to TP

Step 4.

Note the relationship between E /E5 and | /IS. Open
close $5,.and.record the follow?ng readings:,

vults

amps

volts - .

+

amps

Step 15.

Agaln note the distinct relatjonship between Ep/E5 and lp/ls

in this particular circuit., Open S5 and 53, close 52. Connect
multimeter from TP 901 to TP 910. With Sk in the TP 906
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position, close both S5 and $3 and record primary current through
Ml and secondary curréntqﬁprougn M2 and M3.

M}
2
M3

£, .-
\ Ml
M2

M3
i€
P

Step 17. . .

Note that the M2 reading increased as the Ml reading decreased.
Open S5. Ml
M2
M3
. E
o P
M2 current again showed a increase as did E_, while |  showed
a strong P

You can see from thls experiment that as voltage is stepped down current
is stepped (1)° , as seconagary current is increased \more loads
added ir parallel), primary Current wiil {(2)

But as secondary current increases, both primary. and secondary voltage
will show some decreas¢. Why do you think this happens?

Answers: {All measured values are approximations and are given to .
. . provide guidelines to determine accuracy of your answers.)

Step 2. AC e
Step 3.
Step 4.
Step 5.
Step 6.
Step 7.
Step 8.
Step 9. ) ‘
Step 10. 68 v
Step 11, 66 v

+Step 12. 60 vy 2.2 a; ?ﬂﬁ v
Step 13. 120 v; 0.7.a; 65 v;
Step 14. 120 v; 0.7 a; 65 v;

f N

El

.6 a{ decreased

.5 a

s w e T o O <D
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Step 15. 1.35 a; 0.65 a; 2.1 a; M2 v

Step 16. 0.7 a; 0.7 a; 1.2 a; 8 v

Step 17. Minute; 0.725 a; 0; 122 v; decrease
(1) up; (2) increases

4

N Fd

Summary. As secondary current flow increases, the magnetic
field around the secondary increases, cancelling
part of the magnetic line of flux caused by primary
current. This reduces the EMF induced in the secondary.
The primary voltage is decreased due to the increased
voltage drop across the incernal resistance.

When you are satisfied with your readings, secure your equipment and
return to the resource center. »

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER
RESOURCES LISTED. [IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE
QUEST IONS CORRECTLY, GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD
OF INSTRUCTION YOU WESH UNTIL YGU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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" LESSON 1V

~”

Power_and Current

According «to the law of conservation of energy, for an jdeal or

1093 efficient transformer, the power in the primary circuit equals
that in the secondary circuit. Thus:

£

P =P
P s

-

Using P = El, and

-

-

E N

L. P

E N
s s

you can write other forms of the law. {Try to form them.) °

For example:

Therefore:

Cancelling Es’ and rearranging, we see:
I° N
S . B
R
- p s
Note that™while bty

e ratio voltages are directly proportional to
the turns ratio,: the current ratio Is inversely proportional.

tf you feel you huV as tered these.concepts, try the problems at
the end of the narr-é) ve,

'
L)

- AT THIS POINT, YOU MAY PERFORM THE EXPERIHENT WHICH STARTS ON PAGE 97
PRIUR TO TAKING THE LESSON PROGRESS CHECK,.OR YOU MAY STUDY THE LESSON

NARRATIVE OR THE PROGRAMMED INSTRUCWRON OR BOTH. iF YOU DO THE

" EXPERIMENT, TAKE THE PROGRESS CHECK, AND ANSWER ALL OF THE QUESTIONS

CORRECTLY, GO TO THE NEXT LESSON. |IF NOT, SELECT ANOTHER METHOD OF

INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

te




BASIC ELECTRICITY AND ELECTRONICS
INDIVIDUAL IZED LEARNING SYSTEM

- MODUBLE TEN
LESSON V

Transformer Efficiency

Study Booklet




b

|

Overview

OVERVIEW
LESSON V

Transformer Efficiency

!n this IessoniyOQ will study and Iearn‘ggggt the foliowing:
| >
: rtransformer efficiency
-copper loss or 12R loss
“eddy current loss
-hysteresis loss

. -fransformer ratings

]

» N !
BEFORE YOU START THIS LESSON, PRELIEH THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE,

I
b
f
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| LIST OF STULY RESOURCES
L ' LESSON V

Trans former Efficiency ‘

To 1éarn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the
following:

STUDY BODKLET: N
Lesson Narrative
Programmed |nstruction

Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400DA-2 (Chapter 15). “Basic Electricity, Power Supply

and Amplifiers." Fundamentals of Electronics. Bureau of

| " Naval Personnel. Washington, D.C.: U.S. Government Printing
Office, 1965.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME:
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NARRATIVE
LESSON Vv

Transformer Efficiency

LS

' Transformer Efficiency

As we have learned about transformers, we have considered that
they were 100% efficient. Therefore, if the power to the pri-
mary was 100 w, then the load connected to the secondary was .
assumed to dissipate 100 watts. This is an idealized situation
and does not take Into account losses that occur In transformers.

Losses

We will discuss three major kinds of transformer losses which
are:

copper or !ZR loss

eddy current loss
hysteresis loss

. Copper Loss or’!zR Loss

Copper loss or !ZR loss pecurs as a result of the small amount

of reststance present in any coll or wire. This resistance

causes a loss of power in the form of heat. f current

Increases, then the power dissipation by this resistance
..ingreases, and power is wasted.

To minimize copper loss, windings are made of low-
resistance copper. Another factor which helps minimize
copper loss is the selection of the proper size of wire

for the windings; for example, transformer windings which
carry high current require wire with a larger cross-sectional
arec than transformers carrying lesser amounts of current.

Eddy Current Loss

Recall that an iron-core-transformer has a core which is con~
structed of a ferromagnetic material. As the magnetic field
arcund the coil changes, some of the flux tines cut the ‘core
and induce voltages in the core. When you have a conducting
materfal, such as the core, then a small amount of random
current flows within the core. This causes a power loss
within the core which is called eddy current loss and is

lost as heat.
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To minimize eddy current loss, transformer cores are made of
laminated slices insulated from each other with varnish.

This procedure provides greater opposition to current flow

in the core, thereby réeducing eddy currents. -

Hysteresis Loss

When a ragnetic field is passed through a core, the core
material becomes magnetized. To become magnetized, the
domains or magnetic units within the core must align them~
selves with the external field. If the direction of the
field is reversed, the domains must turn so that their poles
are aligned with the new direction of the external field.
This process takes energy.

Power transformers normally operate from either 60-cycle~per=~
second or 400-cycle-per-second alternating current. Each
tiny domain must realign itself twice each ¢ycle or a totatl
of 120 times a second when 60-cycle alternating current is
used. The energy used to turn each domain is dissipated as
heat within the iron core. This loss is calied hysteresis
loss, and can be thought of as resulting from a kind of
friction.

When you increase the frequency of the applied voltage,
greater motion of the magnetic zlements of the core material
are caused and thus a greater Joss through heat dissipation.

Hysteresis can be minimized by proper core selection. Gener-
ally air-core transformers are used for frequencies above audio
range - 20KH_ - because, with an air core, hysteresis loss is
kept to a minimum. You can-assume, then, that iron cores are
generally used with frequencies in the audio range.

Transformer Ratings

Most transformers have ratings on the nameb]ates according to
" thelr capabitities for handling:

.J. voltage
2. current
3. power

Voltage Handling Capacity

)

The vuitage rating depends on the construction of the primary
and secondary windings. The type and thickness of the insula-
tion between the windings determines how much voltage the wind-
ings can stand before the insulation breaks down and wires short.
The thicker {(and better) the insulation, the more voltage the
transformer can handle.

) L1014,
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Frequencx

A frequency higher than the rated value can be applied to a trans-

former without serious damage. For example, a B00-cycle voltage

can be applied to a 60-cycle transformer. Transformer efficiency

will be seriously reduced, but no damage is likely to occur. However,

if you apply a 60-cycle source to a transformer rated at 400 cvcles, .
you may have circuit trouble. Let’'s see why!

When you increase frequency, X, increases and current decreases; .
therefore, a higher frequency source resuits in less current and
a small reduction in power but no damage to the transformer. .

Now, if you decrease frequency to 60 cycles for a W00-cycle trans-
former, then X decreases and current increases. |If current ex-
ceeds the current handling capacity of the transformer, significant
damage results.

W

Current-Handl ing Capacity g @

-~

The current-handling capacity is determined Jargely by the °

diameter of the wire used for the windings. {f current in

the windings is excessive, there is too much power dissipated

in heat and the insulation on the wires is damaged. f excessive .
_ current is permitted to flow for too long a time, the transformer

e ) will be permanently damaged. b

-

Power-Handling Capacity

The amount o‘ power a transformer can handle depends on its

abiiity to dissipate heat. Many transformers have louvres in the
case which direct cool air to flow across the windings. Large
transformers often use an oil-cooling technique to prevent excessive
heat build up. .

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY ,

A OF THE OTHER RESOURCES LISTEQ. 1F YOU TAKE THE PROGRESS CHECK AND

ANSWER ALL OF -THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. |IF

' NOT, STUDY ANY METHOD OF SNSTRUCTION YOU WISH UNTIL YOU CAN ANSWER
L "ALL THE QUESTIONS CORRECTLY.




PROGRAMMED INSTRUCT ION
LESSON V .

Transformer Efficiency

THIS PRUGRAMMED SEQUENCE HAS NO TEST FRAMES.

This lesson deals with transformer efficiency. For-ease of computa-
tion, we have considered transformers to be 100 percent efficient.
In many cases, efficiency .is close enough to .100 percent to make no
difference. There are, however, some cases where power losses are
large enough that they must be considered. In this lesson you will
learn what type of losses occur in transformers and how their effec*s
are kept at a minimum.
1. Recall that even good conductors, such as the copper wire used
in transformer windings, have some resistance. As current passes
through this resistance, some power is lost in the form of heat.

As secondary and orimary currents increase, total power losses

increase/decrease

{increasel

2. lLosses due to winding resistance are called copper or 12R losses.
-Copper losses are minimized by using the proper diameter wire
for the current the winding is expected to carry.

Power losses are reduced by using diameter
large/small

In a 10:1 step-down transformer the secondafy has a
diameter wire than the primary.

(iarger/smaller)

{larger)




P.1. ‘ Ten-V
k. Copper losses result -in slightly less power being dissipated
by the secondary loads than is supplied to the primary (I "~ E }.
To COmpute 1°R losses, determine how much power is being Yost ¥n
each primary and secondary winding (not the loads), then add them

together. For example:
gglsq3c -

S1 winding 20

L

primary winding has
‘58 resistance Ep 100V

r\-}'pzﬂﬁ

So winding 1.5¢

I2R (2)2 “5=4 "¢
(392 2=9"
(6)% * 1.5 = (36)(1.5)=54

20 w

primary copper loss

18 w

S] copper loss

52 copper loss

\ v
Y

tot&] copper loss 92 w

The total available power in the primary is 200 volt-amps. If
92 watts are.lost as copper losses, there are 108 watts to be
dissipated by the loads as useful work.

In the example below how much power is actually diss;pated by
- the loads?

a*

" ' | Is, 2a ?Sl winding 29

E GE;)EP 220v
| primary winding has 1p 1.50

3.39 resistance K
le, 30
52 §52 winding 18

& __ (305.57 watts)
NOTE: Thls is an exaggerated example used only for explanatlon.

o o 20 11
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* 5. Another type of transformer 10ss occurs in the core matarial
and is due to tiny currents known as eddy currents. When a
chanying magnetic field passes through the ‘core material, a
voltage is induced in the conducting core materil which re-
sults in a small current in the core. These currents cause
the transformer to heat up, with a resultant loss of power.

What effect would an increase in the frequency of primary
voltage have on losses due to eddy currents?

a. increase
b. decrease
no effect

(a) increase

Since air is an insulating material, would an air-core transformer
be likely to have significant eddy current }osses?

yes
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The effect of ecdy currents can be reduced by laminating the
core. A laminated core is made up of many thin steel slices
insujated from each other with a type of varnish. rhis in-
creases the resistance of the core., thereby reducing both the
eddy currents and the losses they cause.

VARNISHED
LAMINATIONS

LAMINATED IRON CORE. TRANS-ORMER

Laminatjon of the core material serves to
transformer efficiency.

{increase)

8. Another power loss which occurs in the core is known as hysteresis,
ll'ysteresis is a characteristic of iron or any ferromagnetic

—..material and results from the continuous realignment of the
magnetic field in the core as the primary field expands and
collapses through it. In oversimplified terms, hysteresis re-
sults from a kind of atomic friction caused by reversing the
magnetic polarity of the core,

Would hysteresis losses increase or decrease with an increase
in frequency?

{increase)
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9. Are hysteresis losses a significant factor to consider with
air-core transformers?

a. vyes
no . :
core material irrelevant

Hysteresis is an inherent characteristic of all ferromagnetic

" materials. There is not much that can be done to eliminate-
the effects of hysteresis, but they can be reduced by careful
choice of core materials. Soft iron, powdered iron, angd
silicon steel all have low hysteresis losses.

»

Two types of core losses are

{hysteresis; eddy current)

Match each term to its appropriate description.

a. core loss resulting from friction

of particles

2. eddy current - b. loss resulting from flux lines
cutting the core

hysteresis loss resulting from flux 1ines

not cutting turns of coil
loss resulting from resistance*
of coil

7. d; 2.6;
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12. Transformers are not 100 percent efficient. Because of the losses
involved (copper ldss and core losses) in transferring energy
from the primary to the ceccondary, the power in the secondary
circuit does not quite equal the power in the primary circuit.

To determine the percentage of efficiency of a transformer, we
divide the output by the input power.

-
.

Parcentage of efficiency'= E%%E%% x 100

. A transformer with 220 W in jts primary circuit and only 200 w
in its secondary circuit has a loss of 20 w. What is the trans-
former's percentage of efficiency?

- e a M W m P W™ W i W ow oW owm o

T90.9%)

|3 A transférmer has a 60 W primdry and a 55 w secondary.
is the percentage of efficiency of this transformer?

(97.663)

iron-core transformers are used mainly in the audio frequencues
(up to.20 KH2Z) and are classed as audio-frequency transformers.

Audio-frequency. transformers have iron cores to!
L)
increase ruggedness.
increase flux leakage. .
increase transfor.er eff#crency

{c) Tncrease transformer efficiency
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15. Transformers used with high frequencies {above 20 KHz) usually
have an air core because hysteresis and eddy current losses in
an lron-core transformer are too great for use at high frequencies.

-

-

The small iron-core transformer .used in your power supply is:

~

aT a high-frequency transformer.
b. an audio-frequer:.,; transformer.

- e o W e e o oaw owm - m m m m m om W . W o

*

{b)*an audio-frequency transformer

L]

;JG.,Hatch the correct core type to frequency ranges.

1. f below audio range

2. f above audio range - a. air core
3. f above 20 KHz b. iron core
, 4. . f below 20 KHz :

17. Yhen a tranbformar is to be utilized in a circuit, it Is necessary
to know more than ;ust the turps jatio. The power handling
capability ‘and maximum voltage and current that each winding
can safely handle must also be considered.

.

Three fattors o be considered are:

al
b.
c.

- m m m g ™ o b o o Mmoo W om m W om B o o m om e ow W m ow m e W W

’

*

(é power handlung capabllity, b. maximum voltage; c¢. maximum
current) (in any order)’ - ‘

ERIC
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18. The type and thickness of the insulation between windings
detergiine the maximum voltage .that can be safely applijed to
the windings. The thicker or more efficient the insulation,

- the higher the voltages thzt can be safely applied to the
transformer.
1f-a transformer is dsed at a vcltage~higher than it is
rated for:

a. there would ‘be short circuits between the windings,

' b. nothing would happen.

{a} there wouid be short circuits between the windings )

19. The current handling capability is determined by the diameter
of the wire used for the windings. If the wire is not of suf-
¢ "ficient diameter there may'be excessive heat, possibly re-

. sulting in extensive damage.
The greater the dgémeter the the resistance,
higher/lower
and Ehe the power waste will be.

greater/smaller

‘ Tlower - smé!jgr)

20. .The power handling capability of a transformer is dependent
upon its ability to dissipate heat. There are several methods
“to increase heat~dissipation capability. Immersion in oil,
increasing surface area, and forced cooling systems are some of
“the ways to increase heat dissipation.
i
What are two ways to increasé~heat dissipation?

[ “

and .

. : {increase surface area; forced cooling systems; oil immersion)
’ {any two) . . )

: 124
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21, Complete the following statements about transformers by matching
the phrases,

1. voltage handling capability a, cross-sectional
primarily depends on . . . area of wire
2. current handling capability b, cooling ability
’ primarily depends on . . . c. type and thickness
3. power handVing capability of insulation

primarily depends on . . . |

El
- o A o ow w M wm w w w w g  W mh W w owm W M W ow W oam # wm owm M o o W o e w

(1. ¢c; 2.a; 3.b)

22, Transformers are designed to operate within only a llmited range
of frequencies. If the recommended operating frequency is ignored
the result will bhe either a greatly reduced efficiency or a damaged
transformer.,

§ a frequency below the recommended value were applied to the

primary winding, X, for that winding would be than
desired. greater/ less
(less)

23, At the lower frequency, X, of the primarf coil will be less than
the desired value. This hill result in an abpormally .
large/small

primary current which in turn w'll cause overheating and possible
damage. .

(large)

24, If, on the other hand, a transformer should be operated at a
freguency higher than that for which it was designed, the result
would be a/an in XL' causing afan

increase/decrease increase/decrease
in primary current. This would result in gecreased efficiency.

lincrease ~ decrease)

W
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25. Match.
1. higker than specified a. amage
. frequency.
-' 2. lower than specified b. poor efficiency
frequency. . N
(1. by 2. a)

-

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER
RESOURCES LISTED. |IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE
QUESTIONS CORRECTLY, GO ﬂO THE NEXT LESSON. IF NOT, STUDY ANY METHOD

OF INSTRUCTION YOU WiSH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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"SUMMARY
LESSCN Vv .

Transformer Efficiency

Practical transformers, although highly efficient, are not perfect
devices. Small power transformers used in electronics equipment
range from 80 to 90 percent efficient, while large commercial power-
llne transformers may have efficiencies exceeding 98 percent.

Transformer losses are confined mainly to the windings and core,
and are the result of an undesirable conversion of electrical energy
into heat energy. Three major types of losses occur.

Copper Loss

Whenever a current is passed through a conductor, power is,
dissipated by the conductor in the form of heat. This power
loss is due to the resistance of the conductor. We have seen
that the amount 6f power dissipated by the condﬁptor is directly
proportional to the resistance of the wire and to. the square of
the current through it. The greater the value of either resis-
tance or current, the greater is the power dissipated.

The primary and secondary of a transformer are made of low
resistance copper wire. The resistance of a given winding

is a function of the dfameter of the wire and its length.

Power transformer wiudings have resistances ranging from less

than 1 ohm to several hundred obms, The power dissipated by

winding resistance is called an (i“R) loss, or copper loss. 5

Copper loss is reduced by using the lowest resistance wire
practicable.

Eddy Current Loss

The core of a transformer is constructed of a ferromagnetic
material. This matertal may not be a3 good conductor. but it
does have the ability to conduct current.

Wh2never the primary of an iron-core transformer is energized

by an alternating current source, a fluctuating magnetic field
| - . is produced which cuts the conducting core material and induces
©R a voltage into it. The induced voltage-causes: random currents to
' flow through the core which dissipates power in the form of heat.
These undesirable currents are called eddy cirrents.

126
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We have seen that to minimize the loss resulting from eddy
currents trapsformer cores are laminated. The Tamipations
are mede of thin strips of metal, which are pressed together
to form the core. Each lamination is coated with varnish or
some other insulating material. Since the thin, insulated
laminations do not provide an easy path for current, eddy
current loss is greatly reduced.

Hysteresis Loss

When a magnetic field Is passed through a core, the core
material becomes magnetized. To become magnetized, the
domains or magnetic units within the core must align them-
selves with the external field. . If the direction of the field.
-is reversed, the domains must turn so that their poles are
aligned with the new direction of the external field. This
process takes energy.

Power transformers normally operate-from either 60-cycle-per-
second ar 400-cycle-per-second alternating current. Each
tiny domain must realign itself twice each cycle or a

total of 120 times a second when 60-cycle alternating current
is used. The energy used to turn each domain is dissipated
as heat within the iron core. This loss is called hysteresis
loss, and can be thought of as resulting from a kind of fric-
tion. Hysteresis loss can be'held to a small value by proper
choice of core materials.

Transformer Efficiency

To compute the efficiency of a transformer, the input and oit-
put powers must be known. The input power is egual to the

- product of primary voltage and primary current. The output
power is equal to the product of secondary voltage and second-
ary current. The difference between the input pow 'r and the
output power represents the power consumed by the various
transformer. losses. The efficiency of a transformer is a

measure of how .ell it works. A transformer with high efficiency
has low losses.

Transformer Ratings \\

When a transformer is used in a circuit, morg than the
simple turns ratio is considered by the designer. The power-
handling capacity of the primary and secondary windings must
also be considered. The maximum voltage that can be applied
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to any winding is controlled by the type and thickness of
the insulation. The better {and thicker) the insulation
hetween the windings, the higher the maximum voltage

that can be applied to the windings. .The current handling
capacity of the transtormer windings is controlled by the
diameter of the wire used for the windings. If the current is
excessive in the transformer winding, there is a higher than
expected value of power dissipated from the winding in the
form of heat. The heat Generated inside the transformer may
be sufficient to melt the insulation around the wires. If
excessive current is permitted to continue, the transformer
may be permanently damaged. -

The power-handling capacity of a transformer is dependent
upon its ability to Jissipate heat. |If the heat dissipation
can safely be increased, the power-handling capacity of the
transformer can be increased. This is sometimes accomplished
by immersing the transformer in oil or by the use of cooling

fins. The power handling capacity of a transformer is measured
in either volt-amperes or watts.

Transformers are designed to operate within a specified_range
of frequencies. and should never be used in circuits which are
outside the design range. |f they are used outside of specifi-
cations, efficiency will be poor and, in extreme cases, the
transformer may be damaged.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY
THE LESSON NARRATIVE OR THE PROGRAMMED 'INSTRUCTION OR BOTH. IF YOU

TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTi1ONS CORRECTLY, GO
TO THE NEXT LESSON.—IF NOT, STUDY-ANOTHER METHOD OF INSTRUCT{ON UNTIL
YOU CAN ANSWER ALL THE QUESTKONS CORRECTLY.

-
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Overview

OVERVIEW
LESSON ¥
3
Semiconductor Rectifiers

In this ‘tesson, you will study and learn about the following:

-the rectifier

=semi ¢conductor

~the function of a rectifier
-how the rectifier works
-waveforms

-seeing rectification with an

oscilloscope

BEFORE YOU START THIS LESSON, PREVIEW THE Li{ST OF STUDY RESOURCES
ON THE NEXT PAGE.




Study Resources Ten-Vi

LIST OF STUDY RESOURCES ‘
LES30N VI

Semiconductor Rectifiers

W

To learn the material in this lesson, you have the Opt}on of choosing,
according to your experience and preferences, any or all of the
fol lowing: '

STUDY BOOKLET:
Lesson Narrative
Programmed Instruction
Experiment

Lesson Summary

You MAY NOW STUDY ANY OR ALL OF THE RESGURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.

%) - » .
ERIC . | \
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NARRATIVE . -
] ) LESSON VI

. Semiconductor Rectifiers

The primary winding of - your power supply transformer has a

voltage rating of Mjv, The secondary coil sends ogut approxi-

mately 24v. Therefore, the first operation that takes place . :
in your power supply is stepping down the voltage. After cur-

rent leaves the secondary of the transformer, it goes through

a small comporient sometimes called a semiconductor rectifier. -
The rectifier in your_power supply lcoks like a very small re-

sister with onlyY one color band. .

Semiconductor

- -

You know that a conducter is 3 material which allows current to

pass through it easily. Conversely, a non-conductor does not easily
let current pass through it. A semiconductor, then, is a material
which lets current pass through, not as easily as a conductor,

but more easily than a nonconductor. -

Function of 3 Rectifier

A rectifier is a device that changes AC to some type of pul-
sating OC. From this we can assume that after current passes
through the semiconductor rectifier in your power supply, it
is no longer AC, but has been changed to pulsating OC. Let's
see how this happens.

How the Rectifier Works

First we will see what the symbol is for a rectifier. It loocks

like this:

41
Lo B

The rectifier is constructed sp that it has little resistance

to | flowing in this direction.

1
L

_—.—————-—b

Current can easily flow In this direction as shown by the arrow.

L

134
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However, a rectifier is constructed so that it has very great
resistance to current flow from the other direction.

Current cannot readily flow

¢ N
. o« in this direction.
Now if we apply AC to this cir-
4 [ "_\ ~ cuit, current will attempt to
L |\\4 - 1 flow as indicated by the arrow,
~ from negative to positive, dguring

this first half cycle. However,
Th2 rectifier will not let current
pass through it in this direction.

ovgt‘;‘g‘ No current can flow, and there is
no voltage drop across the re-
sistor. -~

i On the next half cycle, polarity
—_— [,/1 reverses and current fliows through

the rectifier in the other direction. °
The rectifier now lets current

flow and one-half of the waveform
passes through like

this. MNotice, we have

eliminated the positive \-—/r

alternation.

.

Hal f-Wave Rectification

On the next half cycle, current again attempts to flow jn
the other direction. Again, no current passes through the

rectifier. This makes our waveform look like
this with a pause line whére the posntlve altérnation ;::;
is chopped off.

- 134
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!
This wave Is the eguivalent of one cycle of
pulsating DC. Although this accurately shows one cycle,
the output of a half-wave rectifier is frequently

itlustrated as {\ /\/\

. because it i3 eq&jer to visualize when a number of cycles are

Eﬁown, This or \L;//_\\_// \\H// 15 a wave form for.

half-wave rectification such as occurs in your power supply.

7

?

AT THIS POINT, YOU MAY DG THE EXPERIMENT WHICH STARTS ON PAGE 135
PRIOR TO TAKING THE PROGRESS CHECK, QR YOU MAY STUDY ANY OF THE
OTHER RESOURCES LISTED. . IF YOU DO THE EXPERIMENT, TAKE THE PROGRESS
CHECK™AND ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU MAY TAKE THE
MODULE TEST. |IF NOT, STUDY-ANY.METHOD OF INSTRUCT ION YOU WiSH

UNTIL YOU CAN ANSWER ALL THE QUESTION3 CORRECTLY.
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PROGRAMMED INSTRUCTION .
LESSON V! '
- %
‘ Sepiconductor Rectifiers > . .7

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES. . . y

-

b

As you've been told, tﬁe'purpose of a power supply is to provide.

one or more DC voltages from an AC source. . The transformer arid
the voltage-dropping resistors take care of providing the warious
values of voltages desired; the device which changes-AC to DC is.. |
called & rectifier. There'are several types of rectifiers avail-
able; the one used in your power supply is known* as a semiconductor

rectifier.* In this lesson, oniy the actuai circuit function is

coverad; the solid-state physics needed to understand operation
will be covered’as needed in your A School. .- - .

I. After current leaves the secondary of the it
goes through a small compunent, the rectifier, which looks -
like @ small resistor with one colored band.

Lbcate the rectifler in your powér supply.

- e e o Tt o om o o e o o o o om m m ow om ey

= —T

Ltransformer)

2. A rectifier ts a device that changes AC to what is known as
pulsating DC. Graphs of an AC input and a pulsating DC are
shown;

NPUT )D;&omwr_
R

]

From the 1llustration, you can see that whiie current leaving
the rectifier si1il] varies somewhat in magnitude, It is now
going in direction..

R T T . T R e

+

{one) o
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3. From the illustration, you tam :See that the bottom of each
¥ sine wave has been chopped off; the reason is that the special
atomic structure of the materigls used in the rectifier permit~
curreptrto pass through it in oniy one direction.

“Which of these sine waves indicates that turrent has passed through
a rectifier? +

- W W e e omm W M e e, W o W o W =

k., A semiconductor rectifier:

‘a. rectifies OC to AC. '
. b. rectifies AC to pulsating DC. ’
’ . c. pulsates AC.

- S E e a wm mE E E R e e o gm e o W W o = o W .

(b) rectifies AC to_p_ulsatﬂg{ﬁc

lm '

|
i.
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%. The schematic symbol for a rectifier looks like this‘——l‘—_

Flectron current flow is against the arrow making the heavy
line megative and the arrow positive. WUsing arrows, indicate

direction of current in each secendary circuit in this ‘
schematic.

O i

d . -“ )
SR 135 -
. B
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6. A rectifier is constructed so that it has very little resistance
) . to current flow in one direction but a very large resistance
) E "' to any current flow in the opposite direction.

"7 In which circuit would the meteriindicate the largest value?

|
i ' :

b
’

e 0

|
o8
@

O

—t }

{b)

G NOTE: When reading across the rectifier in the hiagh resistance
direction, the meter should indicate an infinite value.
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7. On your power supply, disconnect the end of the rectifier closest
to the transformer. Then using the multimeter, determine which
way current will flow through it.

Using an arrow, indicate direction of electron current through
the rectifier.

Ll

8. Which polarities will permit current flow?

— 1 — + .
2. . - +

- dm e mr e e M W e Ar o oap mr dm mr me mr dm mr A dm gm mr o dm M gm me sm ke e dm m dr me owm
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9. Draw an arrow to show the direction current will fiow through
the rectifier.

- M o e A o o W W W O B ™ o ow ™ owm owr e mk B ok ow dm o e B w B o w m -

TURN TG THE NEXT PAGE AND PERFORM THE EXPERIMENT.




v
Experiment Ten-V!

EXPERIMENT
Diode

Draw an ''0" scope from the resources center. Using the oscillo-
scope in conjunction with a Simpson 260 and your power supply, you
will periorm a simple experiment with diodes to see how they operate.
Plug in -the oscilloscope and turn it on for warm up.

Step 1.

With the power supply disconnected, remove one end of the
diode from terminal T8. With the test leads connected to
the "common and +'' terminals of the Simpson 260, set the
range switch to the R x 10,000 position. Place test leads
across the diode, (Red lead T7, Black lead to disconnected
end of diode.) .Do you get a resistance reading? How many
ohims ? Reverse the meter test leads across
the diode. How about a reading now? This indicates that
current will flow through a dlode in only one direction.

——

Step 2. _ .
- . ) . )
Recall the schematic symbol for a diode, ———H——
Current will flow from to , hence a
diode is said to offer maximum opposition to current in a
reverse direction or from to .

(2) - to +
+ to -

Step 3.

Disconnect the multimeter and reconnect the diode to «
terminal T8.

Step 4.

" With the oscilloscope set up as you learned in Module Nine,
cor ect the black lead of the scope to T8 and the blue lead
to +1. Plug in the power supply. Make certain the switch

is closed and the lamp glows.
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Step 5.

Adjust the SﬁEEP VERNIER control of the scaope to show one
steady cycle of a sine wave. If the signal starts to
jump or drift, readjust this control.

Step 6.

-

Vary the SYNC/PHASE control so that the signal begins about
half-way between positive and negative peaks. Readjust the
SWEEP VERNIER control, if necessary.

Step 7. > .

Use the ¥ CAL to bring the signal amplitude just within the
vertical limits of the graph.

Step 8.

. Draw the signal you see on your oscilloscope. This is the
output of the transformer secondary.

The waveform should look about like this: //’F\\\_

U

Now let's check on the rectification at the diode.
Step 9.
Unplug the power supply and move the blue lead of the scope
from T1 to T7. Plug in the power supply. Adjust the
SYNC/PHASE control if the waveform is not stable.
Step 10,

Draw the signal now showing oh the scope.

——— —r
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You should see a sine wave with one alternation clipped off by the
action of the rectifier.

The output of the rectifier is pulsating DC, and must be smoothed to
a {nearly) pure DC. This smoothing process is accomplished by other

. circuit configurations not covered In this moduis. These circuits
will be covered In a later module.

When you have completed your experiment, properly secure your
equipment and turn it into the resource center. .

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUOY ANY OF THE
OTHER RESOURCES LISTEO. |F YOU TAKE THE PROGRESS CHECK ANO ANSWER
ALL THE QUESTIONS CORRECTLY, YOU HAVE MASTEREO THE MATERIAL ANO ARE
REAOY TO TAKE THE MODULE TEST. SEE YOUR LEARNING SUPERVISOR.

[F YOU OECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR (F
YOU MISSEO ONE OR MORE QUESTIONS, STUDY ANY METHOO OF INSTRUCTION

. YOU WISH UNTIL YOU HAVE ANSWEREO ALL THE PROGRESS CHECK QUESTIONS
CORRECTLY. THEN SEE YOUR LEARNING SUPERVISOR ANO ASK TO TAKE THE
MOOULE TEST.

11
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SUMMARY
LESSON Vi

Semlconductor Rectifir~s

A rectifier is a component that allows current to pass in one
direction only. There are man-made materiats called solidstate
crystals which have this property. The symbol for a rectirler is:

ot

Efectron current will only flow agalnst the indlcated arrow. If
a rectifter circuit is supplied by the output of a transformer,
the graph of current agalnst time js as shown:

UAUA@’ AL NN

This circult is calted a half-wave rectifier. It converts AC Into
pulsating DC.

K

~

AT THIS POINT, YOU MAY DO THE EXPERIMENT WHICH STARTS ON PAGE 135

. PRIOR TO TAKING THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE
LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU
DO THE EXPERIMENT, TAKE THE PROGRESS CHECK, AND ANSWER ALL {F THE
QUEST IONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY
TO TAKE THE MODULE TEST. SEE YOUR LEARNING SUPERVISOR.

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION
YOU WISH UNTIL YOU HAVE ANSWERFD ALL THE PROGRESS CHECK QUESTIONS -
CORRECTLY. THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKE THE
MODULE TEST.




