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MILITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this course
package were selected by the Naticnal Center for Research in
Vocaticnal Education Military Curriculum Project for dissem-
ination to the six regicral Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was tO make curriculum materials
developed by the military more accessible t vocaticnal
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the ndlitary
were deleted, copyrighted materials were either omitted or appro-
val for their use was cbtained. These course pPackages contain
curricvlum resource materials which can be adapted to support
vocational instruction and curriculum development.,
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an activity to increase the accessibility of
military-developed curriculum materials (0
vocational and technical educators.
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~ This project, funded Ly the U.5. Office of
Educatipgn, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials 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 courses
deemed applicable to vocational and tech-

nical edlication are selected for dissemination.

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

Project Staff:

Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D,
Project Director

What Materials
Are Available?

One hundred twenty courses on microfiche
{thirteen in paper form) and descriptions of
each have been provided to the vocationa!

Curriculum Coordination Centers and other
instructions! materials agencies for dissemi-

nation.
»

Course materials inclyde nrogrammed
instruction, dﬁ;;cjculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture Food Service
Aviation Health
Building & Heating & Air
Construction Conditioning
Trades Machine Shop
Clerical Managernent &
Qccupations Supervision
Communications  Neteorology &
Drafting Mavigation
Electronics Photography
Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as additional mate-

" rials with application to vocational and

technical education are identified and selected
for dissemination.

How Can These
Materials Be Obtained?
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Contact the Curriculum Coordination Center
in your region for information on obtaining
materials {€.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closer to you. '

CURRICULUM CGORDINATION CEMNTERS

EAST CENTRAL
Rebecea 5. Douglass
Director

100 North First Street
Springfield, IL 62777
217/782.0759

MIDWEST

Robert Patton
Director

1515 West Sixth Ave,
Stillwater, OK 74704
405/377.2000

, NORTHEAST
Joseph F. Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 0B62S
609/292-6562

NORTHWEST
William Daniels
Director

Building 17
Airdustrial Park
Olympia. WA 98504
206/753-0879

SOUTHEAST

James F. Shill, Ph.D.

Director

Mississippi State Univer:ity
Drawer DX

Mississippi State, MS 39762

601/325-2610

WESTERN

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

1776 University Ave.
Honolulu, HE 96822
808/948-7824
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Vocational Education’s mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
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¢ Instailing educational programs and
products .

» Operating information systems and
services

¢ Conducting leadership development and
training programs
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Solid State Power Supplies

. A1l electronic equipment requires some type of powser squly. The power
supply may be as small as a miniature integrated circuit or large enough
to fill an entire room. Regardless of their size, most power supplies
have only one function: to convert AC voltage to a smooth, steady OC
voitage.

This module has been divided into the following seven lessons:

Lesson | Power Supply Functional Analysis

Lesson || Powet Supply Input Stage

Lesson |I] Powei' Supply Transformer Secondary Stage
Lesson |V Power Supply Rectifiers

Lesson V Power Supply Filters

Ltesson V! Power Supply Regulators

Lesson VI Power Supply System Concept
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OVERVIEW
LESSON |

Power Suﬁgiy Functional Analysis °

-

In this lesson you will learn the function of the power supply input
stage, the first conversion stage (transformer,secondary), second conver-
sion stage (rectifier), third conversion stage (fi]ter) and the output
stage {regulator).

-

The learning objectives of*thiy desscn are as:follows:

TERMINAL OBJECTIVE(S) : A

20.1.40 When the student completes this course, he will be able to

TROUBLESHOOT two ‘(one at a time) faulty solid state power

s - supplies €o the component level, given a training device,
mul timeter, oscilloscope, and sSchematic diagrams.
Repair work will be done with similar components on a
practice card. Fault diagnosis to be 100% correct with
repair-work passing a Learning Supervisor's visual and physi-~
<cal check. :

ENABLING OBJECTIVE(S)"
When the student completes this lésson, he will be able to:

20.1.40.1  RECOGNIZE the overall fupction of an electronic power supply
. by selecting the correct statement from a list of possible
choices, only one of which is correct. 100% accuracy is
required.

20.1.40.1.1 IDENTIFY the functions of the input stage (circuit) of a
basic electronic power supply by selecting the correct o
. functions from a list of several choices. 100% accuracy
is required.

IDENTIFY the function of the rectifier stage of a basic
power supply by selecting the correct function from a
list. of several choices. 100% accura:v is required.

20.1.40.7.3 IDENTIFY the function of the transformer secondary of an

. electronic power supply by selecting the correct statement
of the function of the transformer secondary in an electronic
power supply from a list of four statements, only one of
which is correct. 100% accuracy is required.

+
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20.1.40. l h IDENTIFY the function of the filter stage of an electronic
power supply by selecting.the, correct statement of the function
of the filter stage of a basic power supply from a list of
several choicas, only one of which is correct. 100% accuracy
is required.

1

20.1.40.1.5 IDENTYFY, the function\pf the regulator stage of an electronic
power supply by selecting the correct statement of the function
of the regulator stage of a basic power suppiy from a list of
several statements, only one of which is correct. 100% accuracy
is required.

it

BEFORE YOU START THIS LESSON, READ GrHE LESSON LEARNING OBJECTIVES )
AND PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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L1ST OF STUDY RESOURCES
LESSON 1.

Power Supply Functional Analysis

To learn the material in this lesson, you have the option of choosing,
according to your experience and ~references, any or all of the follow-

ing study resources: !
Written Less ~ mresentation in:
Module wo.
Summary
Programmed Instruction
Narrative

Student's Guide:

Progress Check

I
s
Enrichment Mater:al(s):

Electronics Installation and Maintenance Book, Electronic Circuits,
NAVSHIPS 0967-000-0120, section 2

YOU MAY USE ANY, OR ALL, RESQURCES LISTED .30VE, INCLUDING THE LEARNING
SUPERV1ISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE .LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY

TIME,




SUMMARY
LESSON i

" L

Power Supply Functional Analysis

-

A Power Supply .rovides all voltages and currents required by a power
consuming device or electronic equipment. This function of a power
supply is accomplished by combiring the individual functions of each
of five stages as shown in the block diagram.

CONVERSION STAGES

Transformer

The input stage is a circuit accomplishing four functions:

1. Couples the AC voitage from the source to the first conversion
stage. :

2. Provides overload protection.

3. Indicates power on.

4. Enubles the power supply to be turned on or off.

.The first conversion stage consists of the secondary of a transformer
which steps-up or steps-down the AC voltage from the input circuit. The
AC voltage from the transformer secondary is connected to the second
conversion stage which rectifies the AC into pulsating DC voltage. The
pulsating DC voltage is then sent to the third conversion stage which
consists of a filter circuit to suppress the pulsations in the DC voltage.

The filtered DC 1= then.coupled to the output stage where a regulator
circuit is frequently used to hnid the DC output at a constant level.
This DC output can now be coupled to the electronic equipment.

AT THIS POINT, YOU MAY TAKE THE LtSSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST {TEMS CORRECTLY, PROCEEL TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIORS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE HPPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON |

Power Supply Functional Analysis

TEST FRAMES ARE FRAMES 6, 11, 16, AND 19. GO FIRST TO TEST FRAME 6
AND SEE I YOU CAN ANSWER THE QUEST!ON.: FOLLOW DIRECTIONS AT THE
END OFf THE TEST FRAME.

1. “Sufficient power must be supplied to any electrical device. The

source of this electrical energy is the steam or water driven generator

at the power plant; however, the device that actually provides the correct

voltages and currents to electronic equipment is referred to as a power
supply. The power supply will take the power supplied by a power plant
normally AC) and change this power to the specific.form required by the

electronic device (normally DC voltages and currents).

If the voltage at a wall outlet is 115 volts AC, and an electrical circuit
requires 50 volts DC, a . must he used.

- e m m W = om ™ m om W™ m o om o om om'm m om o m o om o om o= s o= o m om m om W™ o om A ®™ m = om om

power supply

2, A block diagram of a power supply will usually consist of three
stages: the input stage, the conversion stage or gtages, and the out-
put stage. %

POWER SUPPLY

. T T . T T e

conversion
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3. Correct DC currents and voltages must be supplied to electronic cir-
cults; to do this, a is used.

power supply

b, 1f a three stage block diagram of a power supply is drawn, the second
stage is the conversion stage and the third stage is the output stage.
What is the first stage?

POWER SUPPLY

T T T T T T T e S e e e e el b}
| 1
! |
—— ? Conversion Output —EL—'
]
{ |
e e e o e e e e ——————— |

I nput

5. The function of a power supply is to supply the correct
voltages and currents to electronic equipment.

DC

6. TEST FRAME

What is the function of a power supply?

- e g me owm e o g me om ome om ome e o e -

THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER AT
THE TOP OF THE NEXT PAGE. - :

|




Pcln - T'W'eﬂty-ln ¥

s

To supply the correct DC voltages and currents to electronic equipment
(or words to that effect}

IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOL MAY GO ON TO TEST FRAME 1%.
OTHERWISE, GO BACK TO FRAME | AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME & AGAiIN. ‘

7. The input stage of a power supply usually provides (1} overload pro-
tection, (2} a power on indicator, (3) a device to couple in the line
voltage, (4) and an nn-of f switch. The input stage of a power supply
is usually equipped with an on=-off and a power on

switch, Indicator

8. wnen drawing a power supply block diagram in three stages, the second
stage is the stage.

. POWER SUPPLY
AR ]
I 4? |
\ — put ' Output "'!l‘"'

conversion

9. The input stage of a power supply usually performs four functions.
One function is to couple iine vol tage to the power supply; the four
. functions are?

Provide protection

1.

2. Provide a fndication

3. Couple to ‘the power Supply

4. Provide an on-off . o

- Em o o o M M S B M o o o o E E Em E E E am Em am Em oEm oam m W W M W om W o=

1. overload; 2. power on; 3. line voltage; 4. switch

o 16
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10.  In common electronic power supplies, the conversion process is often
accomplished in three sub-~stages. (1) The line voitage is stepped up or
down by the transformer secondary; (2} AC is converted to pulsating DC
byxghe rectitier; {31} the pulsations are smoothed out by a filter.

Write the names of the three sub-stages of the conversion stage.

CONVERSION STAGES

1. Transformer secondary winding or output
2. Rectifier
3. Filter

1. TEST FRAME

What are the four functions of the input stage of the power supply?

THiS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS AT
THE TOP OF THE NEXT PAGE.
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/
1. Provide overload protection.
2. Provide a power on indicator.
3. Couple line voltage to the power supply.
4, Provide an on-~off switch. i

1F YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST FRAME 16.
OTHERWISE, GO BACK TO FRAME 7 AND TAKE THE PROGRAMMED SEQUENCE SEFORE
TAKING TEST FRAME 11 AGAIN.

12. The transformer secondary winding usually steps voltage up or
down. ’

What stage is the transformer secondary a part of?
a. Input stage

b. Conversion stage
¢. Output stdge

b. Converslon stage

13. There are three sub-stages in the conversion stage. What are the
names and functions of the first two? .

CONVERSION STAGES

l___*"-m_“-‘_ __________ _i .
—:- ? = B ? Filter ——!-
! 4 —_— |

Transformer secondary - steps voltage up or down. Rectifier - converts
AC to pulsating DC. -

14, Some electronic circuits require very swooth or pure DC. The removal
of variations in pulsating DC is accomplished in the sub-stage.

12

18
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15. The overall function of the conversion stage of a power supply is to
supply the correct type and amount of voitage. Most electroni¢ circuits
require DC voltage in order to operate. Write the function of each sub-
stage.

SUB STAGE FUNCT I ONS
1. Transformer secondary

2. Rectifier

3. ﬁilter
Functions
1. Steps voltages up or down (usually).
2. Converts AC to pulsating DC
3. Smoothes pulsations

16, TEST FRAME

State the names and functions of each of the three substages in the’
power supply conversion stage.

- e m o e o oam m o o o o o o M W e e W m m m o m m o v W e W o o ey m

THfS tS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE ANSWERS AT THE TOP
OF. THE NEXT PAGE.
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Transformer secondary - steps voltage up or down {usually)
Rectifier - converts AC to DC
Filter - removes ripple

iF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST FRAME 19
OTHERWISE, GO BACK TO FRAME 12 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 16 AGAIN.

7. The third stage of many power supplies is the voltage regulator
stage. |t functions fto maintain a constant output voltage to couple
the output voltage to the electronic equipment.

The output from an unregulated power supply will fiuctuate if either
the input voltage or the equipment requirements change. To eliminate
or reduce these fluctuations, a voltage regulator frequently is buiit
tnto the stage of the power supply.

18. The output stage requlates the output voltage and couples the power
supply to the

electronic equipment




19. TEST FRAME

Write the name and two functions of the output stage of the power
supply.

THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
AT THE TOP OF THE NEXT PAGE.
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The output stage is named the voltage regulator stage. |t (1) maintains
a constant voltage, and (2) coupies the power supply to the =lectronic
equipment.

— —— s

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. |IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TQ THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE W!LL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR WOST, OF THE LESSON, SELECT AND USE’
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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NARRAT IVE
. LESSON |

Pt’;er Supply Functional Analysis

This lesson deals with a vital part of any electronic equipment - its
power supply.

The function of the power supply is what its ‘name implies. ||t provides
the voltages and current required by an electronic system to perform its
designeu function.

|
|
|
]
|
J

.l_._.__.

|
|
4

The power supply is made up of several stages, each of which is designed
to perform a, particular task

The first stage we are going to talk about is the [NPUT stage.

L)

input
Stage

The input stage has four primary functions:

{1) It provides a method of coupling the AC line voltage into the power

supply.
{2) 1t provides overload protection.
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(3) It provides power-on indication.
(4) 1t provides a means of turning power on or off.

The second stage in the power supply is the CONVERSION stage which ~
receives the AC 1.2 voltage from the input stage. The conversion
stage is subdivided into three substages of which the first is a
TRANSFORMER SECONDARY WINDING.

CONVERSWN STAGES .
—i B
t
Input 1 | |Transformer 1 Y Ouiput
Stage { | Secondary ™ " | i Slu'::
- ‘
S |

I

The function of the first sub-stage, the transformer secondary winding,
is to step-up or step-down the AC line voltage to a value that is near
the value of the required equipment voltage.

The second stage of conversion is the RECTIFIER stage. -

COMVERSION STAGES

Input . l Transtormer e Output
Stage [ ™1 Secondary Rectifier i Ctage
[
S — e 3

The rectifier stage receives the voltage that the transformer secondary
stage has provided and converts it to a pulsating DC. This conversion
is called rectification.
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This pulsating DC is then passed to the third sub-stage of conversion,
the FILTER.. ’

CONVCRSION STAGES

Input : Transfarmer|

.- . Output
Stage |~ | Secondary Rhchhef ‘ Stage

- * b4 \ * * .
The function of the filter is to remove or suppress the variations in
the pulsating DC. !n order to have a smooth PC these variations must
be filtered. The filter smooths the pulsatinp OC into a smoother DC.

The output stage (in our power supply is the UOLTAGE-&EGULATOR.

-

CONVERSION- STAGES

I_ ________ Gt e e ——— i — ‘_.-J\\—

Input { Transfarmer ’ Regula
! aps . tort -
Stage Secondary | Rectifier Filter g?age

The voltage regulator receives the DC voltage from the filter and main-,
.tains the DC voltage level at the required value. |¢s function is to
maintain a steady DC output and couple this output to the equipment,

IS review, the power supply's function is to provide the required. vol-
tages and currents for equipment operation. The power supply is made
up of five stages. The function of each stage is: \

1. Input stage - provide coupfing, ovaerlcad protection, powér~on
indication and @ method for turning the power supply on or off.
Transformer secondary stage - steps the AC line voltage vp or
domnt. )

&+
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Rectifier stage - converts the AC into pulsating OC.

Filter stage - reduces the-variations of the pulsating 0OC.

Voltage regulator stage - maintains the OC at the required
voltage level and couples the OC to the equipment.

Match the circuit with its function by writing tetters in the proper
blanks. Any letter may he uysed more than once.

LETTER FUNCTION CIRCUIT

Smoothes OC vojtage A. lnput stage
Couples voltages to equipment B, Rectifier

Maintains constant OC voltage C, Filter
D.
E.

-

-

Converts AC to OC Voltage regulator
Provides circuit protection Transformer secondary
Couples power supply to source

voltage

Indicates power on :

Converts AC input to required AC level

-

1
2
3.
4
5.
6.
7.
8

- PR

-

+

W O W R —
Im| > > > w|o|ojo

L3

AT THIS PDINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF You
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE MEXT LESSON.

(F YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YZU TO THE APPROPRIATE PAGES,
PARAGRAPHS, DR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS L
LESSON YCU ARE HAVING O1FFICULTY WITH. |F YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MDST, OF THE LESSOM, SELECT AND USE
ANOTHER WRITTEN MEOIUM OF -INSTRUCTION, AUDJO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PRDGRESS CHECK CDRRECTLY.
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OVERVIEW
LESSON |1

- Power Supply input Stage

In this lesson you will study and learn about input power connectors,
circuit breakers/fuses, indicator 1ights, switches, and the transformer
primary. :

The learning objectives of this lesson are as follows:
- TERMINAL OBJECTIVE(S):

20.2.40 When the student completes this course, he will be able to
TROUBLESHOOT two (onz at a time) faulty solid state power:
supplies to the component level, given a training.device,
multimeter, oscilloscope, and schematic diagrams.

Repair work will be done with similar components on a
practice card. Fault diagnosis to be 100% correct with
repair work passing a Learning Supervisor's visual and
physical check.

ENABLING OBJECTIVE(S):
iﬁhen the student completes, this lesson, he will be able to:

20.2.40.2 ANALYZE the function of the input stage of an electronic power
) supply by observing, recording and interpreting waveforms and
5 voltages at indicated test points on a training device. A}l
recorded data must fall within specifications as stat=d in
the job program.
20.2.40.2.1 IDENTIFY the function of an electroni¢ circuit’ breaker by
selecting the correct statement of a function of a circuit
breaker from a 1ist of several statements, only one of which

. \\:b js correct. 100% accuracy is required.

20.2.40, DENTIFY the function of an indicatgr light connected azross
the primary of\the power supply cransformer by selecting the -
' correct statement from a list of several statements, only one
of which is correct. 100% accuracy is required.

e

-

F

20.2.40.2.3 MATCH physical components found in the'input stage of an elec~

tronic power supply with their proper schematic symbols, given
typical components and a list of symbols. 4100% accuracy is
required. § v :

-

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES
AND PREVIEW THE L1ST OF STUDY RESOURCES -ON THE NEXT PAGE. ~&

-
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\ Study Resources Twenty4ll

. LIST OF STUDY RESOURCES
\ LESSON |1

Power Supply Input Stage

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

according to your experience and preferences, any or all of the follow-
ing study resources:

Written Lesson presentation in:
Module Bookiet:
Summary
Programmed Instruction
Narrative

Student's Guide:

Job Program Twenty - Il '"Input Stages'
Progress Check

Enr’ chment Material(s): : ‘

Electronics Installation and Maintenance Book, Electronic Circuits,
i NAVSHIPS 0967-000-0120, section 2

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED

(:;2_ACHlEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME.

A 232?5;
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Surmary . ; Twenty=~11

SUHMARY
LESSON 11

Power Supply Input Stage

The power supply input circuit is used to:

1. couple AC line voltage to the next stage;

2. protect the circuit from excessive current flow;

3. indicate when AC voltage 15 on;

4. provide a means of turning the power supply on or off,

The first function (coupling) is accomplished by using a plug or power
ronnec tors

@ or —>>— Egl:@ and a transformer primary. —iﬂ

° M} )_.n —
w7 I&C E"

n2_>|Jaz

The second function (ﬂir!oad protection) is accomplished by using either
a circuit breaker (g _ ) or fuse ( €\ 9 ). If excessive current Is
drawn by the equipment, tne overload protection components will open and
stop current flow in th~ input circuit.

o——o o] Ft
PLI T © HTVAC 81 ™
cer K ——(0 o
— &

The third function (power on indication} is accomplished by a lamp or
light bulb across the primary of a itransformer. When current flows irn
the input circuit, the lamp will light.

Fl.

PLI Tl
: DS1

2 30
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Summary Twenty- 11

The fourth function is to turn power on or off. This is accomplished
by means of a switch. '

) (B)
- o Py NI
SWI } swi!
(:) PLI 17 VAC .
Fl | SW2
P2 :ﬁ?‘“/)

Exampie (B) is a ‘'ganged" switch.
contacts will move together.

The dotted line indicates that both

AT THIS POINT, YOU MAY TAKE THE LESSON PRCGRESS CHECK. 1F YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE MEXT LESSON.

(F YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. |IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MTOIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE}, OR LONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST (TEMS ON THE PROUGRESS CHECK CORRECTLY.

' 25
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PROGRAMMED INSTRUCTION
LESSON 11

Power Supply Input Stage

TEST FRAMES ARE 3 AND 8. A5 BEFORE, GO FIRST TO TEST FRAME 3 AND SEE IF
YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN
AFTER THE TEST FRAME. :

1. The input circuit has four functions. The first function is to couple
AC line voltage through the input circuit to the next stage of the power

supply.
INPUT
~CI RCUIT

This is usually done through the use of a power connector and the primary
winding of a transformer. The most often used symbol for a power tonnector

iss
This symbolizes a plug that is normaliy
connected to a wall outlet,

The symbol for a transformer winding is: .

gri PRIMARY

E}

The first function is accomplished by combining these two components as
i1lustrated by the following circuit: .

PL1 T1

The , connects the wall outlet to the input circult and the
couples the signal out of the fnput circuit to the next stage.

26
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Plug; transformer primary winding

2. The transformer primary winding symbol is standard but the power
connector has seveilal different symbols, The reason there are several
symbols for a power connector is that there are various ways of connecting
the external line voltage to the input circuit. Some common examples are:

Interconnector. Generally indicates jack
PLUG ~UJACK and plug connections; e.g., 2 6B25 PC card
~ is put into a jack.

This indicates a terminal board and is used
when 8 number of wires must be connected to
a pumber of other wires. It is a good way
to keep all connections in th> same place.

No response required

. 3. TEST FRAME ) »

(1) The purpose of the transformer primary is to .
(2) The purpose of a power connector is to .

- e A o o ogm W S o o o M o W o et g o ¥ o W M o W™ m m o M o = = m om m

THES IS A vEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS AT
THE TOP OF THE NEXT PAGE.

27
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(1) Couple line voltage out of input circuit. (or words to that effect)
{2) Couple line voltage into the input circuit. (or words to that effect)

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YoU MAY 50 ON TO TEST FRAME 8.
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 3 AGAIN.

4. We know how the function of coupling the line voltage into and out -
of the power supply is accomplished by power connectors and a transfor~

mer primary, but now we must look at the next function of the input

circuit. That function is to provide overload protection. Overload .
protection is accomplished by a component that will prevent the possible

damage of other circuit components if excessive currents try to flow in

the circuit. This protection component generally opens the circuit when

current flow exceeds its rating. Fuses and circuit breakers are the most

common types of overload protection components. Their symbols are:

F1 \//\ FUSE ,F1 c81 /T\._ CIRCUIT

- BREAKER, CB1

The major difference between @ fuse and a circuit breaker is that the
fuse wire melts when its current rating is exceeded while a circuit
breaker simply opens itself. A fuse can therefore be used only once
but a circuit breaker can be reset and used any pumber of times.

Fl ;
PL Tl PU T
‘ IJQCBI

Tre flow of current in a circuit protected by an overload device will
{ne stopped/continue to flow) if the amount of current exceeds speci-
fications,

- v g o e o v o o o mm m e = M g e o Em R o a4 w4 m oar e m o= o=

be stopped
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5. Another function of the input circuit is to provide some means to
indicate when power is on. The simplest way is to connect a lamp or
1ight bulb across {in paralle! with) the primary of the transformer.

Fl

PLI 71
DS1

When the lamp is lit, power is (on/off).

on

6. The last function of the input circuit provides the capability to

turn the power supply "on' or "off. This is accomplished through the use
of a switch. In one position the switch opens the circuit and in the
other position the switch closes the circuit. Itmagine, instead, how
tiresome it would be to disconnect the plug or remove a fuse everytime

we wish to turn off our television set.

The symbol for a switch is: CF*//O
Sw

s
Swi1

A

—

DSt 471

With the switch in the position shown in the above diagram, would DSI
_be 1it?

No {the switch is open)

, 2 33
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7+ Sometimes a doubie switch is used as a safety factor. This switch

has only one lever to turn it on or off but both switches operate at the
same time. A dotted line between two contacts indlcates that the switches
are mechanically connected ur ''ganged’'.

1 swi1 Sw1
1 =< Il °
|
1 |
- OFF [ ON
|
A sw2 !
- sw2

if SW1 is shorted, -the power suppiy can still be turned off. True or
false?

O T . T R R . T T T I S . T T S .

True - because SW2 will still open R

36
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- B. TEST FRAME

Match function of the input stage of the power supply to0 the schematic
representation of the component.

t. . a. Provides coupling of line voltage
. . ' into the input circuit.

2. b. Provides indication of power on
- . )
3. , €. Protects the circuit from excessive
T current.
4. =® d. Turas power oh or off.
5. e. Provides coupling out of input
_o_/o....

hare circuit.

- e o am am am oam am oam oam oa W e M e aa am am am e Em S e e e M e sm M o

THiS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.

31 37




Twenty-11

V. a; 2. ¢; 3. e; 4. b; 5. d

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. If you
ANSWER ALL SELF~TEST ITEMS CORRECTLY, PROCEEQ TO THE NEXT LESSON.

If YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING OIFFICULTY WITH. 1§ YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, Of THE LESSON, SELECT AND USE
ANOTHER WRITTEN HEDIUM Of INSTRUCTION, AUD!O/VISUAL MATERIALS (if
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

32
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NARRAT IVE
LESSON 11

Power Supply tnput Stage

In the previous lesson, the power supPly was separated into five stages.
Each stage performed a distinct function. In this and later lessons,
we will take each stage individually and show how the components of a
stage work together to produce the stage function. The first stage is

" * called the Input circult.

INPUT /\
CIRCUIT \/

As shown in the drawlng, the input circult does not change the input
waveform-in_aRy way. At first glance it would appear that the input
stage does very little Lut this is not the case. The functlons of the
Input stage are to:

1. Couple AC line voltage Iinto the first conversion stage of the
power supply.

2. Provide overload protection.

3. Indicate whether power is on.

4. Provide a method of turning power on or off.

How does the input stage do all of these functions? Let's take the
flrst function and Identify the components that provide a means to
couple AC line voltage into the power supply and to the first conversion
stage.

AC 0
POWER TRANSFORMER |___ . 1R ANSFORMER
CONNECTOR PRIMARY SECONDARY

The two components that satisfy the first functlon are an AC power
connector and a transformer primary. The AL power connector connects
the external source to the input stage and the transformer primary
provides a means of coupling the AC to the next stage.

L]
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: . . .
There are a number of ways to connect the line voltage to a power supply
but the most common is with a $tandard plug. The plug is put into a
wall outlet and the line voltage is connected to the power supply. The
symtol {.r a plug is

v

'
tl'
PL1
* A% L]
and it looks like )
in electronic equipment a number of gther power connector symbols are
of ten found. For example.

PLUG \ JACK - This symbol is con“monly found when printe;:l

clrcuit cards are piugged into card jacks.

This symbol indicates a terminal board.
When a lot of line voltages are coupled
to a lot of placés the terminal board
makes it easy.

Mow that we have the line voltage coupled into the power supply, how do
we get it out of the input circult? Iin this case, the primary winding
of a transformer is the means used to couple the line voltage to the
first conversion stage.

R I

What components are used to (1) couple line voltage into the power supplf
and (2) line voltage out of the input stage?
(1) and (2)

(1) power coniector
(2) transformer primary winding

Another function of the input circuit is to provide overload protection.
That is great, but what ls overload protection? Overload protection means
that there is a method used to protect the circuit from excessive current
flow. The components most often used are fuses or circuit breakers.

35 40
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Fuses and circult breakers protect against a flow of current which,
approaches the jimic of the current carrying ability of the circuit
component’s by opening the circult. The -fuse does this by melting when
overheated, and ‘the circuit breaker does it by opening when the current
is excessive. One advantage of having a g¢ircuit breaker instead of a
fuse is that the circuit breaker Can be reset while the fuse must be re-
placed.

g Fl Symbol for a fjuse.

CBI_./ ._\‘ Symbol for a circult breaker.

Overload protection is provided by a or a .

fusé, circuit breaker

Our input circult schematic at this point, may look 1ike any of the
following:

A
- ¥4 ) 1”7 .
.r\?] ; CB) 3
Ti N7 VAC 3Tl

L AN |
7 7

) Pl} >JI
@_‘F\-CBI @_} p ~F 3
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-

We have now covzred the first two funttions of the input circuit; the .
third function is to indicate that power is on. The best way to indi-
cate power on is to use a light bulb or lamp. This lamp is generally
connected in parallel with the primary of the transformer and is indi-

cated by the symboi: =® Fl

€\

PL T
0S1

When current flows through the input clrcuit the lamp will light and indi-
cate that power is available in the primary circuit.

The last function of the input circuit is to provide a safe, efficient
way to turn the power supply on or off.

INPUT —Av_ ON
W CIRCUIT

OFF

We have identified all components necessary to produce the ''on' waveform.
An additional component is needed to produce the "off', or no output. This
component is a switch., The switch will open the circuit and prevent current
flow.

A) (B)

- PLy A
SW1 f swi
PL? £l 1]7‘ VAC i |
sw2, F
o— “— On =

In circuit (B}, the dotted line indicates that both switches are mechan-
ically connected. These ganged switches wlll open and close at the same
time.
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Match each component with the correct function.

Provides overload protection.
Couples line voltage.
Indicates power on.

. Turns power supply off or on.

1. Switch

2. Fuse/circuit breaker
3. Transformer primary/
4

a0 oo
P

power connector
. Indicator lamp

- e wm am m R o wm wm W W W M o owm W e m m W W W M m m m wm W am W m m m m mm a

£ B —
0O oW o

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. F You
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. .
IF YOl INCORRECTLY ANSWER ONLY & FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT vou CAN RESTUDY THE PARTS 0: THIS
LESSON YOU ARE HAVING DIFFICULTY WiTd. |F vOU FEEL THAT vou HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS oN THE PROGRESS CHECK CORRECTLY.
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BASIC ELECTRICITY AND ELECTRGNICS

MODULE TWENTY

LESSON 111

POWER SUPPLY TRANSFORMER SECONDARY STAGE
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OVERVIEW
LESSON 111

Power Supply Transformer Secondary Stage

in this lesson, you will study and learn about several types of power
supply transformers. You will be able to identify step-up transformers,
step-down transformers, single-secondary transformers, multi-secondary
transformers, center-*apped transformers and their input/output voltage
polarity relationships.

' The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

20.3.40 When the student completes this course, he will be able to
TROUBLESHOOT two {one-at a time) faulty solid state power
supplies to the component level, given a tralning device,

. multimeter, oscilloscope, and schematic diagrams. Repair
- work will be done with similar components on a practice card.
- Fault diagnosis to be 100% correct with repair work passing
a Learning Supervisor's visual and physical check.

ENABLING OBJECTIVE(S):
When the student completes this lesson, he will be able- to:

20.3.40.3* ANALYZE the function of the first conversion stage {trans-
former secondary) of the basic power supply by observing,
measuring, and recording the normal waveforms and voltages
at the transformer secondary test-points and interpreting
the differences in the primary and secondary measurements,
given test equipment, training device, and a job program.
All measured data must fall within tolerances as stated
in ‘the job program. . '

20,3.40.3.1 1DENTIFY the function of a multi-secondary electronic transformer
by selecting the correct statement of the function of a multi-
secondary transformer from a list of several choices, only one
of which is correct. 1003 accuracy is required.

20.3.40.3.2 IDENTIFY the function of a center-tapped secondary of an elec-
tronic power supply transformer by selecting the correct state-
ment of the function of a center-tapped secondary in a power

. supply trarsformer from a list of several choices, only one of

which is ¢ ‘rect. 100% accuracy is required.

w 46
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OVERVIEW
20.3.40.3.3 LOCATE the three power supply transformer secondary conpections

in the electronic power supply using a training device and a

schematic of the power supply circuit. All three connections
must be correctly identified.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE HEXT PAGE.

(9
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LIST OF STURY RESOURCES
LESSON it}

Power Supply Transformer Secondary Stage

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

study resources:
Written Lesson presentation in:

Module Booklet:

Summary
Programmed jinstruction
MNarrative

I3

Student's Guide:

Job Program Twenty - Il ""Power Supply Enput and Transformer
Secondary Stage''
Progress Check

Enrichment Material{s):

Electronics bnstallation and Maintenance Book, Electronig Circuits,
NAVSHIPS 0967-000-0120, section 2

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERV ISOR; HOWEVER, ALL MATERIALS LiSTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY
TIME.
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" SUMMARY
LESSON 114

Power Supply Transformer Secondary Stage

The AC voltage supplied from the wall socket is coupled through the input
stage to the transformer secondary. The secondary may step-up, sten-down,
or leave the voltage the same, depending on the turns ratio between the
primary and secondary windings. The voltage may neec t0 be increased or
decreased because the rest of the power suppiy requires a different level
than is supplied by the external source.

The power supply often requires more than on. voltage. Therefore muitiple
secondaries driven by a single primary may be used. Each secondary winding
provides a desired voltage depending on its turns ratio as compared to

the primary. v

Another commonly used secondary is the center-tapped secondary. The
center-tapped secondary splits the total :econdary voltage into two
equal voltages of opposite polarity.

No matter what amplitude or phase of AL voltage(s}) is needed by the
power supply, it can be provided by one of these types of secondary
windings. N @

-
r

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. (F YOU

ANSWER ALL SELF-TEST (TEMS CORRECTLY, PROGEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,

THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,

PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE .
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE

ANOTHER WRITTEN MEDIUM OF ENSTRUCT(OMN, AUDIO/VISUAL MATERIALS (IF ~

APPL ICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

TAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRISS CHECK CORRECTLY.

ar
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PROGRAMMED INSTRUCTION
LESSON 111

Power Supply Transformer Secondary Stage

TEST FRAME 1S FRAME 9. GO FIRST TO TEST FRAME 9 AND SEE IF YQU CAN
ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS AT THE END OF THE TEST
FRAME .

1. The first conversion stage in a power supply is the secondary of

a transformer. The secondary matches the voltage amplitude of the
external source {well outlet) to the requirements of the rest of the
power supply. One way a secondary can do this is by stepping up the
voltage. This increase is accomplished by the ratio of turns from

the primary to the secondary. |If the number of turns in the secondary
is greater than the number of turns in the primary, the voltage will be
stepped up.

A\ |
1f the powzr supply requires 150VAC and the wall outlet supplies 110VAC,

the number of turns will be greater in: a. the primary winding b. the
seconery winding

3
A

- ok me wm oae W 4 e wm wm om wm owm owm - e wm mr e wm wm wm w owm wm wm wm ow w - om e m owm s wm

b. the secondary winding

2. Sometimes the voltage supplied is far greater than the voltage re-
quired so a step-down transformer is used. The number of turns is
greater in the primary than in the secondary.

N STEP | N\
\/ DOWN \/

- 51
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Which type of transformers are used to make the indicated conversions?

AN R

2. step~up b. step-down —

3. Sometimes the voltages match exactly and nesther an increase nor

a decrease of the voltage is necessary. The turns in the primary

and secondary are the same. A transformer with a 1:1 ratio passes

an AC voltage without changing its value. When a 1:] ratlo is used,
the primary function of the power transformer is to isolate the source
from any undesired DC current path to ground within the power supply.

Draw the output waveforms for the transformers illustrated, and indicate
the type of transformer. (Use a separate sheet of paper.)

B 144 s
_WA‘ 4:1 : TYPE=
_Av_ l:l : TYPE=

Lé 5522
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1]

, —— = 4X

- .
-ﬂv— 14
L \/’ * TWESSTRP -UP
X-= - ’ ' ‘
| 4 |
v L TYPE=STEP - DOWN

N F

X--- ) . /'\
\/ 131 \V wyee= 1°1

4. The power supply needs specific voltage levels to osperate. The vol-
tage conversion of the transformer secondary makes it easy to match the
supply to the demand. Power supplies often require more than one
transformer to supply the voltages. Engineers have snmpllfied this by
using more than one secondary with @ single primary.

-

In the circuit shown, thls single transformer with multipie secondaries
provides three turns ratic:.

Section A = 1:3 turns ratio wf A -
Section B = 1:6 turns ratio ’ E:EE::
tc‘_

Section € = 4:1 turns ratio

-~

Which type of transformer conversion is not used in the multiple-secon-
dary transformer 11lustrated?

a. Step-up »
b, Step-down )
c. 1:l ‘

——

c. 130 Is pot shown

\; ) - Y 555? .
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5. Power Supplies, on occasion, need two equal voltages of opposite

polarity.
N 1:1 Vo
TRANSFORMER A

The si plqgt way to get thzie two voltages is to use a center-tapped
transformer secondary.

: 1:1 A
J \V
AV CENTERTAP
A
\V

The center-tap divides the actual secondary winding ‘nto two equal
secondary windings to supply the two voltages. Secondary voltage
outputs will eqgual half of the input voltage using a 1:1 transformer.

Draw the missing waveform. (Use a separate sheet of paper.)

CENTERTAP

Ay

AN
o
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6. The two outputs ¢. a center-tapped secondary are equal, but of
oppasite polarity, Opposite polarity means that the voltage of one
waveform Is negative at the same time the voltage of the other wave-
form 1s positive,

+
. CENTERTAP —Av-

SECONDARY - /N

The amplitude, frequency, and shape of each waveform are the same.

What Is the only difference between the two outputs of a center-tapped
transformer?

a, Frequency
b, Shape

¢.. Amplitude
d. Polarity

e e e e e o e dm e e dm e de e e el de Em o dem e R e e e S ke dm ol de e de e

&

d, Polarity
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7. The amplitude of each output of a center-tapped transformer [5 cne
half the amplitude of the total voltage jnduced across the secondary.

A T v
] ﬁlO\'P'P w0o¥ P.p

TN 1 ‘
\V;

Remember, the total voltage across thz secondary depends on the turns
ratio between the primary and the secondary. Therefore, whatever ampli-

+ tude is required can be obtained by steppirg-up or stepping-down the
voltage. ~

If the primary voltage is S0V and the total secondary voltage is 00
volts, what is the amplitude of each secondary waveform? .

S0 volts for each waveform

8. What type of transformer conversion is used in the example Lelow?

80v PP )
a, Step-down '
b. Step-up
¢c. Isolation
5, Step-up ¢

S0 E;E;
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. 9. Match the waveform in column “B'" to the correct winding in column “A",

<>;E$$

= m R m m m m s m M m m e mEm ok Emm e m moEmom e e e m om = e o o o o e

THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.
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w
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. |F You
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE MEXT LESSON.

IF YOU INCORRECTLY ANSWER ON.Y A FEW OF THE PROGRESS CHECK QUESTIONS,
THE €CORRECT ANSWER PAGE WilLL REFER YOU TG THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WiTH. |F YOU FEEL THAT YOU HAVE
FAILED TO UNODERSTAND ALL, OR MOST, OF THE LESSON, SELECT AMO USE
ANOTHER WRITTEN MEDIUM. OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL You

CAN ANSWER ALL SELF-TEST {TEMS ON THt PROGRESS CHECK CORRECTLY.

08
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NARRATIVE
LESSON 111

Power Supply Transformer Secondary Stage

You have just finished studying the input circuit of the power supply.
Now, let's take a look at the first conversion stage - the transformer
secondary. As you know, the transfo.wer secondary may provide one of
three possible AL voltage outputs: Step-up, step-down, or no change
as ctompared to the input.

+ STEP -
up

STEP / \
DOWN .
1
NO CHANGE

This conversion is often necessary to satisfy the voltage requirements
of the stages that follow the power supply. The external source that
supplies the input circuit generally does not match the vol tage require-
ments of the rest of the po.er supply. The transformer secondary is
designed to match these voltages. {f the source voltage matches the

vol tage required by the rest of the power supply, a transformer wlth a
t:1 ratio is generally used. When this ratio is used, the primary
function of the power transformer is to isolate the source from any un-
desired DC current path to ground withln the power supply.

< £

Most of us have had or have seen transistor radlos that may either use
batteries or be plugged into a wall outlet. The wall outlet is 110-

120 VAC and the batteries usually provide only 9 VDC or 12 VDC, A step~
down transformer may be used to decrease the AC voltage.

An important thing to remember is that the voltage may be changed but
the shape and frequency of the waveform remain the same.

R

: A i REST OF
—% PRIMARY v, SECONDARY f———1 8T oy |
L.--’“----—J
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. )
The most common type of transformer is the single-secondary transformer,

s

PRIMARY  2::C  SECONDARY

but if more than one vol tage [s:reéuired a multi-secondary transformer
may be used.

The three secondaries, because of their d:fferent turns ratios, provide
three different voltages.

The last type of transformer found in basic power supplies is called
the center-tapped transformer,

The ground connection in the center of the transformer does two things:

1. it effectively splits the secondary into two windings, each
having 1/2 of the total number ‘of secondary turns. The voltage-amplitude
across each half of the secondary is half of the total secondary voltage.

2. Each half of the secondary will have equal voitage amplitude but
will have opposite polarities. When the top of the secondary winding is

sh
60 «
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positive in respect to ground, the botium of the secondary winding will
be negative in respect to ground, and vice-versa. Therefore, the AC
voltages on each haif of the center-tapped transformer are 180° out of
phase with each other. )

2

| |

Draw the missing waveform.

3 N
\/

Like any transformer, the center-tapped transformer can step-up or step-
down a voltage. '

in short, the type of secondary found in a particular power supply de-
pends on what the rest of the power supply requires. It may require
only one AC voltage, more than one AC voltage, or two equal voltages of
opposite polarity. .

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. [F YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE W|LL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS , OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF TIIIS
LESSOM YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCT!ON, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Overview Twenty-~ 1V

OVERV | EW
LESSON IV

r

Power Supply Rectifiers

In this lesson you will study and iearn about tiw output waveforms and
schematics of half wave, full wave and bridge rectifier circuits and the
advantages and disadvantages of half wave, full wave and bridge rectifier,
circuits.

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S): . . \

20.4.40 When the student completes this course, he will be able to
TROUBLESHOOT two (one at a time) faulty solid state power
supplies to the componeit level, given a training davice,
multimeter, oscilloscope, and schematic diagrams. Repair
work will be done with similar components on a practice -
card. Fault diagnosis to be 1003 correct with repair work
passing a Learning Supervisor's visual and physical check.

ENABLING OBJECTIVE(S):
VWhen the student completes this iesson, he will be able to:

20.4.40.4 DIFFERENTIATE between the schematic drawings of half-wave,
full-wave, and bridge rectifier circuits by matching each
of three schematics with its correct type name. 100%
accuracy is required.

20.4.450.5 MATCH illustrations to statements about the .effects of applying
forward bias to a diode, given four choices only one of yhich
is correct concerning forward bias. 100% accuracy is required.

20.4.40.6 MATCH illustrations to statements about the effects of applying
reverse bias to a diode, given four choices only one of which is
correct concerning reverse bias. 100% accuracy is required.

58
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Overview

20.4.40.8

20.4.40.9

20.4.40.9.1

Twenty-1V
OVERVIEY

HATCH the drawings of output waveforms of half-wave, full-
wave, and bridge rectifier circuits with their correct
names, given choices of names and drawings. Each waveform
must be correctly named.

MEASURE the resistances and CALCULATE front-to-back ratios
of diodes, given four different types of diodes, a job™ _
program, and a multimeter. All measurements and ratios to
fall within tolerances specified on the job program.

MATCH the physical components of the second conversion stage
of an electroniz power suPply with their respective schematic
symbols, given @ schematic diagram, a job program, and a
training device power supply. 100% accuracy is requi-ed.

IDENTIFY the location of components, letter/number designa-
tions, and test points of the second conversion stage of an
electronic power supply as required on the job program, given
a schematic diagram and a training dovice power supply. 100%
accuracy is required.

BEFORE YOU START THIS LESSON, READ 'THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES O THE NEXT PAGE.
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Study Resources Twenty=-1V

LIST OF STUDY RESOURCES
LESSON fV

Power Supply Rectifiers

To learn the material in this Tesson, you have the option of choosing
according to your experience and preferences, any or all of the follow-
ing study resources: - )

Written Lesson presentation in:

Yodule Booklet:

Surmary
Pirogrammed Instruction
Narrative

Student's Guide: .

Audio/Visual Response Sheet Twenty - |V
Job Program Twenty ~ 1V 'Powe. Supply Rectifiers''.
Progress Check

o~

Additional Material{s): .

Ar.dio/Visual Program Twenty - 1V '*Basic Power Supply Rectifiers''.

Earichment Matericl(s):

Electronics Installation and Maintenanca Book, Electronic Circuits,
NAVSH1PS 0967-000-0120, section 2

LU MAT USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARN ING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TiME.
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SUMMARY
LESSON IV

Power Supply Rectifiers

P
Rectifier circuits are'connected to the secondary of a power supply

sransformer in order to convert AC voitage into DC voltage. Three
types of rectifiers are: half~wave, full-wave, and byidge.-

Power supply rectifiers utilize diodes for their operation. Diodes
conduct when they are forward biased {cathode negative with respect

to the anode — } and offer tremendous resistance to current flow
when they are reverse biased {cathode positive with respect to the
anode it{h'4=-).,‘ :

The half-wave rectifier consists of one diode which simply eliminatés
el ther tHe positive or negative aiternations of the input AC voltage.

~ .
. . b NEGATIVE .
| I PR it ‘ ANN
HALF o HALF WAVE
o | recririen 'U_U_U OR RECTIFIER POSITIVE
- - - - - PULSATING DC.

A half-wave rectifier circuit with a negative DC output wil) contain
one diode connecte€d B35 Shown.

[ - -
L il
™ .
- * AL
- -
. * t

. L.
A positive DC output can be obtained with this cicruit:

I :

In order to convert every alternation of the input AC voltage to pulsat-
Ing DC, a full~wave rectifier is used. The fuil~wave rectifier converts

_each alternation of the AC voltage to either positive or negative pul~-
sating D Voliage.

+
FULL WAVE YYYA FULL WAVE
1 Recririen OR ovipect.ER | T
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/
A full-wave rectifier uses two diodes and a center-tapped transformer
secondary winding.

Tl T e BT

Positive DC Output : Megative DC Qutput
* The transformer center-tapped secondary divides the secondary AC voltage .
Irto two equal, out-of-phase AC voitages,.each of which Is half the
total secondary voltage. Oepending on clircuit conflguration, the diodes
‘will pass either the positive or negative alternations of the AC input 2
voltage, first from one diode, then from the other. The average ) i {
1

_ output voltage of the full-wave rectifier Is the same as the half-wave
N . rectifier, but the variations in the pulsating DC output are less with
K the full-wave rectlfier,

A brldge rectifier also converts each alternation of the "out AC vol-

tage to the same DC polarity at the output, but, with the same secon*

dary voltages, the peak amplitude of the DC voltage Is twice that of

the full-wave. ' »
. ¥ .

. . L
R L s10v ¥ #10v
Lo -
« BRIDGE mm ’ BRIDGE
. ; L' .
| BUDUO“ RECTIFIER OR 04 recririer ’°"
. ~t0v . =10v ~10v -10

The circuit for a bridge rectifier requires (4) diodes.

O~ o2 68
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‘ ‘ : 4
AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER #AGE WILL REFER YOU TO THE APPF.OPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON. YOU ARE HAVING DIFFICULTY WITH. IF YOU FEci THAT YOU HAVE
FAILED 70 UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

o
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PROGRAMHED INSTRUCTION
LESSON 1V

Power Supply Rectifiers

GO FIRST TO TEST FRAME (18) AND SEE 1F YOU CAN ANSWER ALL THE QUESTIONS
THERE. FOLLOW THE OFRECTIONS GIVEN AFTER THE TEST FRAME.

1. Rectifier circuits have one function: to convert AC voltage into
DC voltage. In this lesson we will discuss three types of rectifiers:
‘Hal f-Wave; Full-Wave; and Bridge.

Each of the three types of rectifiers use one or more diodes. A
diode, the key to rectifier operation, is a device that ailows current
to flow easily in one direction but offers tremendous opposition to
current flow in the other direction.

This 15 the schematic symbol for a dicde.

The short vertical line is referred to as the

cathode and the solid triangular figure js called
_H— the ancde. A diode will readily conduct curvent

from the cathode to the annde or, said differently

agalnst the arr  in the diode symbol.

Draw an arrow indicating the direction of current flow through, and label
the parts of, the diode below. (llen a separate shest of paper.)

CURRENT FLOW




PAFullToxt Provided by ERIC

P.1. Twenty- 1V

"

2. As stated in the previous frame, current will only flow from cathode

to anode in a diode. Therefore, in order for current to flow, the cathode
must be negative with respect to the anode. When these polarity conditions
are met, the diode is said to be forward biased. 1f the cathode's poten-
tial is positive and the anode's potential is negative, no current flows.
This condition is referred to as reverse biased,

What are the bias conditions of the diodes below?

a. reverse biased
b. forward biased
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3. From the definitions of diode bias, it is the relative voltage across
the diode that determines whether or not the diode will conduct. For’
example: A diode that has 0 volts on the cathode and +10 volts on the
anode is forward biased. {Trc cathode is negative with respect to the
anode) .

- +

) OIT‘ {4 +Il°v “ The meter reads a difference of 10 volts.
The cathode is negative with respect to
Py the anode.
V)
10V )
Let's take another example: If a diode has +10 volts on the cathode and
+20 volts on the anode, the difference of potential across the diode is
again 10 volts. The cathode is less positive than the anode.

(=) +10v +20v {+)

The meter reads a giffernece of 10 volts.
The cathode again, is negative with respect
to the anode.

v

Which of the following diodes will conduct current (more than one choics
may be correct)?)

a. -1ov| ¢ +5v -10v|""0\f

-5y, 4 +10vy
ot

ovl'Ov

a, ¢, and d only
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. The first rectifier we will discuss is the half-wave. It uses

one diode. )
HALF WAVE
RECTIFIER

===
—4—
h--ﬁ‘J

'

This rectifier will allow only negative half-cycles to pass from the
transformer secondary to point A. When the top of the transformer
secondary is negative and the bottom is positive, current will flow
clockwise from the top of the transformer, through the diode, down
through R , and back to the bottom of the v ansformer.

3

— A
AN e
%
\¢; ) 5%‘* ; ;
. L

Since current flows from top to bottom through R

the top of R, (point
A) will be negative in respect to ground.

Ll

Would current flow counter-clockwise through the circuit?

Ho - the diode will Slock counter-clockwise current. {(or words to that
effect.)
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S. Duqing the negative half-cycle, when the top of the transformer
secondary is positive and the bottom is negative, no current will flow
through the circuit and the voltage at point A wiil be zero with respect
to ground.

-
4
l\\

ERVA

Therefore, only negative half-cycles will appear at point A and the
output voltage is negative pulsating DC voltage.

If the diode in the above circuit was physically turned around, what
kind of voltage wouid appear at point A7

Positive pulsating DC voltage. (or words to that effect.)




6. This circuit will provide positive pulsating DC voltage.

r=="

P

b ool

in block diagram form, the circuit above could be shown as:

!
TRANSFORMER HALF WAVE
RECTIFIER

(posrrwe o.c)

OUTPUT

Draw, on a separate sheet of paper, the output waveform for the circuit
illustrated above.
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7. The voltage obtained from a half-wave rectifier is pulsating DC
voltage, but only half of the AC alternations are felt at the output.

A full-wave rectifier will convert every alternation of the input
voltage to one polarity at the output. By rectifying every alternation
the full-wave rectifier will have Jess variation in the output DC volt-
age than the output obtained from the half-wave rectifier. However,
because’ trie full-wave rectifier uses a center-tapped secondary, it will
have only half the peak amplitude of the half-wave rectifier with the
same input signal. Compare the below outputs.

+10v

FULL WAVE
RECTIFIER

RECTIFIER

‘ +1°Vﬂ ﬂ n
ov HALF WAVE i

-~-10v

Which rectifier has less variation in the pulsating DC output?

ful l-wave rectifier
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8. A full-wave rectifier uses two diodes in order to rectify every alter-
nation of the input AC voltage.

-t

o |t ——— -

1

L

FULL WAVE ~
RECTIFIER

The rectifier above provides negative pulsating DC voltage, but if the
diodes were physically turned around, the circuit would provide positive
pulsating DC voltage. Notice that a transformer with a center-tapped
secondary winding is used. You will recal} that a center-tapped trans-
former winding provides two equal, out-of-phase voltages. Ffor example,

at one instant of time the top of the transformer secondary is positive
with respect to ground.

—¢

%1‘_

What would the polarity st the bottom of the transformer with respect
to ground be at that instant?

negative
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3. Since current flows from negative to positive, diode CR2Z will con-
duct current and diode CRl will block current when the top of the
winding is positive and the bottom of the winding is negative.

1< A
CR1 r”__‘- -
RL
+
CR2 L
¢
Current flows from the bottom of the transformer, through CR2, down v

through RL’ and back to the centei-~tap, via ground. The top of RL

will be negative in respect to ground, and a negative half-cycle will
be felt at point A.

Draw on a separate sheet of paper, the waveform that woyld appear at
point A,

= m v b wm e m s m wm e m W Sy o w4k o N A B e m om W oy o a om M om m o
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10. On the next half-cycle, the top of the transformer $econdary will
be negative when the bottom is positive.

_ A
N i
W, _l-' . :‘
¢ 1€

Current will now fiow from the top of the secondary, throwgh CR1, down
through R, , and back to the center-tap via ground. WNotice that the

flow through RI. is tn the same direction as before, and, consequently,

the voltage across RL is the same as befare. The same polarity of alter-
nations will always reach point A -- first from one diode, then from the
other diode. ‘

Draw, on a separate sheet of paper, the negative output waveform, given
the input waveform across the transformer.

+10%¥ preee—— ee—— e S e = . '4-10\!
------- 4+5v
ov TRANSFORMER FULL WAYE —
- RECTIFIER coemm e =5y
o L 3 e e -10v
NEGATIVE
QUTRUT
Remember that the center-tap on -ﬁ-
the trahsformer secondary winding . _5,‘ij

haives the total Al voltage.

§¢
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11, Label the circaits below as either a half-wave or ful j-wave recti-
fier. (Use a separate sheet of paper.)
]

Eﬂ;ﬁ - Wave AL
_ ]
. e y
Full -~ Wave X RL
. L

12. Which rectifier has the greater variation in the 0C output voi-,
tage -- half-wave or full-wave?
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hal f-wave

13. Draw the output waveforms for the circuits illustrated, {Assume a
positive DC output and use a separate sheet of paper.) .

-

20 e

HALF WAVE
RECTIFIER

—20y - ———————

L]

420V e e e

+10V =mm — o mm

FULL WAVE
RECTIFIER

—oy ————n—

10V - e

20 it e

HALF WAVE
RECTIFIER

[ ———
~FULL WavE
RECTIFIER

_-[Oy-———-— o ———

_- == e = e =
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. A third type of rectifier is called a bridge rectifier and uses
four {4) diodes. )

For the same input voltage, the bridge rectifier has twice the
output OC voltage of a full-wave rectifier. Notice that a bridge
does not use a transformer with a center-tapped secondary so the full
amplitude of the secondary voltage is transmitted to the output.

Draw, on a separate sheet of papei, the output for a bridge rectifier
(assume a positive DC output).

+ 1V

. BRIDGE
RECTIFIER

N N AVaVAVAS
G'

- BV ————

10V~ ---{'——- -—-

]

/

!
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]
15. The bridge rectifier is normally shown on schematic diagrams in
a "diamond'* pattern. The configuration may look complicated at first
glance, but if we trace current flow on each half cycle of AC voltage
on the transformer, it should be clear how the bridge
rectifier does its job.

Say that at one instant of time, the top of the transformer secondary
i gative and the bottom is positive.

e

i,
Diodes CRl and CR4 will cenduct with the above polarity of voltage on
the transformer, and diodes CR2 and CR3 will not conduct current.
Trace the flow from the top of the transformer back to the bottom
of the transformer. Cerrent flo.is through CRY, up
through R , and through CR4.

If current flow through RL is as shown, mark the relﬁtive polarities

on the ends of the resistor. {Use a separate sheet of paper.)
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16. On the next half-cycle, the top of the secondary winding will be
positive and the bottom will be negative.

Diodes CR2 and CR3 will conduct and diodes CR1 and CRY4 wilt not conduct.

Using the arrows, trace current through the circult. Remember that there
must be a complete path for current (from the negative side of the secon-
dary back to the positive side of the secondary).f

Current through R 1s in the (same/opposite) direction as before.
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17. The current flow through R, will always be in the same direction. .
Therefore, the output voltage polarity will always be the same despite .
the fact that the AC voltage is changing polarity many times pir second.
The output voltage from a bridge iectifier will vary at the same fre-
quency but twice the peak amplitude as the output from a full-wave
rectifier with the same applied voltage.

(Remember: The full-wave rectifier uses a center-tapped transformer
while the bridge does not.) .

Draw the output waveforms {assume positive rectification) for the
following circuits. (Use a separate sheet of paper.)

+10v +HOV— = e == o
+ e ————
ov 41 oo wave |
RECTIFIER -
-10
) e —
‘ +10v FIOV— v e — e am
P BRIDGE + S o
o RECTIFIER ov
- B —
-10v o oy
+10v IOV ——— — - ——
OYYY Y Y
Ov 1 FULL WaVE I ov
RECTIFIER Ve e .
~10v Vo
B {0 e S e
+10v v svm N
ov __ 1 erioce ov 1 ,
RECTIFIER
- GV e it o e
~iov S
o 80
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18. TEST FRAME

On a separate sheet of paper, label each rectifier type shown below,

o ¢
.I_ ”P1 | " ‘
%‘_

|| § b.

—
-

THIS 1S A TEST FRAME. COMPARE YOUR AMSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TO' OF THE NEXT PAGE,
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full-wave
bridge
- hal f-wave

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. 1IF YOU
ANSWER ALL SELF-TEST 1TEMS CORRECTLY., PROCEED TO YHE LEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK GQUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. §F YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MDST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS fIF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERYISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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NARRATIVE
LESSON IV

Power Supp'y Rectifisrs

Rectifier circuits have one function: In convert AC voltage into DC
voltage. This lesson will cover three basic types of rectifiers: Half-
wave, full-wave, and bridge. Each of these rectifiers uses one or more
diodes. A diode, the key to rectifier operation, is a device that
allows current to flow easily in one direction but offers tremendous
opposition to current flow in the other direction.

. CATHODE
= £ rorwarp
CURRENT FLOW

As you cap see in the illustration, current will only fiow from the

cathode (schematically depicted as a short vertlcal line) to the anode

(depicted as a solid triangular figure). Therefore, in order for current

to flow, the cathode must be negatlve with respect to the anode. When

these polarity conditions are met, the diode i3 said to be forward biased. i
If the cathode is more positive than the anode, no current flows. This

condition is referr. o as reverse bias. (See the following illus*ration.)}

wl; BIAS

CURRENT FLOW

+ -
r ld - BIAS
e — nevense

NO CURRENT FLOW

The simplest rectifier circuit is a half-wave rectifiei which consists of
a single diode. “he diode is connected to the secondary of a transformer
and it will block either the positive or neg.tive alternatlion of the AC
current in rthe secondary. HNote the direction of the dinde In the halr-
wave rectifier shown below.

L= i
- -
¥ T

838G

- . . AN £ o
Py » U il T R
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Tne voltage on the secondary af the transformer is AC - i.e. the voltage
is changing polarity many times per second (probably 60 times per second).
When the top of the secondary is negative and the bottom is positive,

- 14

+10V

=1ov

+

current will flow clockwise, through the diode and through RL'

Because the diode is acting like a short; R will be in parallel with
the transformer secondary and feel the same half-cycle of voltage.

During a negative half-cycle on the transformer primary, the teop cof
the secondary will be positive and the bcttom will be negative.

o’/\‘\

- 1oV

- - 14

+10V

RL
~10V

Current will attempt to flow counter-clockwise in the circuit, but
current cannot flow through the diode. Therefore, with no current
through the secondary, no voltage can be developed. If no voltage is
developed by the secondary, no volrsge can be felt on R, . Effectively,
this half-wave reztifier eliminat-, all positive half-cycles at the
output and only the negativ~ ha' ¢ cles will be allowed to pas$s thus
creating a negative pulsat’ +C vol tage.

Hov - -

- 10V

If the di>ade is turned around,

+10V

- 10V

TRANSFOCRMER

i

‘\iv-_-——l.

HALF WAVE
RECTIFIER

———

~ TV

~10V

$+

>

the circuit is still a half-wave rectifier, but now the positive half-
cycles will be allowed to pass.

30
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LY E ]
Draw the output waveform if the output is positive pulsating DC from a
half-wave rectifier.

+Hov

TRANSFORMER | —* HALF WAVE |—
v | RECTIFIER [e@v

- e m a M B = 4 m om om o= om om om oEm Em Em o o W om om m om o om Em om om om om e m om o=

P full- wave rectifier uses two diodes to convert each negative and positive
alternation of the input AC voltage to one polarity at the output. Like the
half-wave rectifier, the full-wave rectifier output will be either positive
or negative pulsating NC. This circuit is a full-wave rectifier with a neg-
ative DC output:

_l
|
|
|
|

-t

N—‘

"

-

By using a c:nter-tapped transformer, we can effective'ly have

two half-wave rectifiers fueding the same load (R, ). Each rect-

ifier will provide a pulse that is one-half the amplitude of the

peak input voltage. In this manner we can use both half cycles

~f the input AC voltage. For example, say that the top of the primary
is negative and the bottom is positive on one half-cycle of the input
voltage.

Since varrent flows from negative to positive only, CR! will not conduct
curreat, but CR2 will conduzt. Current will flow through CRZ, dewn through
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RL’ and back to the s.condary center-tap via tie ground. Since curr nt . i
' N flows down through RL‘ the top of RL will be negative with respect to

ground,

On the next half-cycle, *he top of the primary will pe positive and the
bottom will be negative.

: ¢ 14
s AC_ ™ i -

CR2 =

3 —1¢ ]

L ¥
\‘ * .
\;’ =

Current will nov flow through CR!, :ut not through CRZ, and the current
will again flow down through R . The top of R will again be regative
. — L L

in respect to ground. )

The rectifier example shown above u@ll allow only the negative half-cycles
to pass to the output--first from one diode, and then from the other.
The output combines the alternations from each dipde to produce pulsating
DC voltages since the polarity of voitages at the output will always be

~ the same.

The below circuit is also a fuli-wave rectifier. ‘

i >

.

WL _"+___

Will the output voltage be positive or negative in respect to ground”

positive - note that the diodes are reversed from the (ull~wave recti-
fier with a2 negative output voitage, so current ' 11 flow.in the oppo-
site direction.
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in the illustration below, both rectifiers will provide an average
output of approximately +5VDC for an AC input of 10V peak.

The difference is that the pulsating L output of the full-~wave
rectifier will have less amplitude variation than the pulsating

DC output of the half-wave rectifier. The reason for this is
two-fold: First, a center~tapped transformer will provide orly
one-half of the available voltiage (in this case S5V for 10VY); second,
because every half-cycle is used the output never really returns

to BV level and we are able to maintain an averaje voltage of
approximately +5VDC,

Hovy

TRANSFORMER FULL WAVE
. RECTIFIER

HALF WAYE
RECTIFIER

ldentify and label the half-wave and fuli-wave rectifier circuits illus~

trated below.

_:‘

WAVE
RECTIFIER

—

i

il e
——

-

a. half-wave rectifier
b, full-wave rectifier
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v The last type of rzctifier we will discuss is zalled the bridge recti-
: fier. The bridge rectifier is the most comonly used rectifier in elec- .
tronic equipment. Four {4) diodes are used to convert each alternation
of the transformer secondary AC voltage .nto either positive or negative
DC voltage at tne output like a full-wave rectifier.

The circuit configuration for a bridge rectifier is normally shown on
schematic diagrams with tke diodes in a "diamond'' pattern.

The diodes are arranged so that the output voltage will always be of the
same polarity even though the input AC voltage changes polarity many -
times per second. The bridge circuit may iook complicated at flrst glance,

but it is fairly simple to analyze if you keep in mind that at any instant

of time only two diodes are conducting current. The other two diodes will

biock current flow. For example, say that the top of the transfgrmer«sec-

ondary is negative znd the bottom is positive. v’

- +
3 CRt Ch2 q

AL -
r CR3 C{J o

— 1.

\——-‘__—j
On this haif-cycle, CR1 and CRh will conauct current, and CR2 and CR3

will block current flow. Current flows from the negative side of the
secondary winding, through CR1, up through RL’ through CR4, and back'
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¥
to the positive side of the secondary windlng. There is no other com-
plete path for current flow from the negative side to the positive side
of the secondary winding. Try to find another complete path for current
(remember that current flows from negative to positive).
Since the current flow through RL i§ from bottom to top, the top of
RL wl 1l be positive in respect to the bottom.

0n the next half=~ cycle, CR2 and CR3 will conduct current and CRI and
CRY4 will block current. -

+  —

IS

Let's trace the current path again. Current flows from the bottom of
the secondary winding (now negative), through CR3, up through RL’ through

CR2, and back to the pcsitive side of the secondary winding. The current
through RL is in the same direction as before, so the polarity of voltage

at the output is still the same.

The varlations In the pulsdting DC voltage will be about the same as the
variations obtained with a full-wave rectifier if both circults use the
same trarsformer and the $ame primary voltage. However, the peak ampli-
tude of the bridge is twice the ampiitude of the full wave rectifier.
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I

100VAC

-

NOTE: Both transformers are the same except the full wave circuit trans-
former is center-tapped.

In the fuil wave circuig, at any one time, there is only one djode passing
currant. Each diode gets only one-half ot the secondary vol tage, Therefore,
the output voitage is equal to one~half of the peak input voltage.

In the bridge circﬁit. however, the two diodes that are passing current
at any one time are connected across the whole secondary of the gransformer,
Therefore, the output voltage is equal to the peak input voltage.

For each type of rectifier circuit, some of the advantages and disadvan-
tages are: '

AOVANTAGES DISADvANTAGES

HALF-WAVE Simple circuit, few High voltage variation,
components. lew output current.

FULL-WAVE Low voitage variation . More components,
in output, low output veltage.

BRIDGE Low voltage variation Complex circuitry,
in output, higher out- more components,
put voltage.
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF You
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TQ THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SC THAT You CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TC UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIOG/VISUAL MATERIALS (iF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS oN THE PROGRESS CHECK CORRECTLY.
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Overview Twenty-V

OVERVIEW
LESSON V

Power Supply Filters

In. this lesson you will study and learn about the fupction of the power
supply filter, and the schematics and output waveforms of capacitor input,
choke input, and Pi filters.

The Yearning objectives of this lesson are as follows:
TERMINAL OBJECTIVE(S):

20.5.40 When the student completes this course he will be able to
TROUBLESHOOT two (one at a time) faulty solid state power
supplies to the component level, given a training device,
mul timeter, oscilloscope, and schematic diagrams.

Repair work will be done with similar components on a
practice card. Fault diagnosis to be 100% correct with
repair work passing a Learning Supervisor’s visual and
physical check.

ENABLING OBJECTIVE(S}:
Wher the student completes this lesson, he will be able to:

20.5.40.10 OBSEXVE, MEASURE, and INTERPRET the output waveforms and vol~
tages from the filter stage of an electronic power supply,
given an oscilloscope, and a training device.
Readings must be within specified tolerances.

.20.5.40.10.1 1DENTIFY schematic configurations of capacitor input, choke

input, and pi type filters of electronic power supplies,
given schematic configurations of each. 100% accuracy is
required.

20.5.50.10.2 1DENTIFY the output waveform of an electronic power supply

filter circuit, given drawings of various waveforms only
one of which is correct. 100% accuracy is required.

BEFCRE YOU START THiIS LESSON, READ THE LESSON LEARNING OBJECTIVES
AND FREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

Tug
ol
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LIST OF STUDY RESOURCES
LESSON V

ﬁf\ .
Power Supply Filters

> 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 resources:

Written Lesson presentation in:
" Hodule Bookl=t:

Sommary
Programmed instruction s
MNarrative

Student's Guide:

Audio/Visual Response Sheet Twenty - ¥ "Rectifiers and Filters"
Job Program Twenty - Y "Power Supply' -
Progress Check

Additional Materiai{s):
Audio/Visual Program Twenty - V "Basic Power Supply Fiiters"

Enrichment Material{s):

El

Electronics Installation and Maintenance Book, Electronic Circuits,
NAVSHIPS 0967-000-0120, section 2

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY
TIME,

" 9s 107
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SUMMARY
LESSON V

Filter Section

filter circuits used in power supplies are of two geneial types; capacitor
input .

A

and choka input.

T 1

Tha filter's sole purpose is to. remove the pulsations from the rectifier
output to produce 3 smooth DC voltage. .

The Capacitor Input Filter produces a smooth, steady DC vol!tage by
2 opposing any change in voltage. The Choke input Filter accomplishes
the same thing by opposing any change in current. A happy median is
reached by combining the two filters and creating a pi filter. The
pi filter is a capacitor input filter that may have either & coil or a
resistor separating a pair of capacitors in parallel.

The pi configuration using the coil is the most common one used in elec- 4
tronics. i1t can provide high voltage and high current, The pi filter
gets its name from its schemaric configuration which is usuvally drawn
to resemble the Greek letter pi ().

96
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AT THIS POINT, YOU MAY TAKE THE LESION PROGRESS CHECK. 1{F YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES S0 THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANGTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICARLE}, OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSW R ALL SELF-TEST 1TEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON V

Filter Section

GO FIRST TO TEST FRAME 8 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS.
FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

l. The output of a rectifier is a pulsating DC voltage. This pulsating
DC voltage Is usually of little use in electronic equipment. A steady,
constant DC level is required. To ger thls steady voltage we use a
filter to remove the pulsations, The filter wili not remove all of the

variations in the DC output, The variations that remaln are calied
ripple.

Which of the fllustrations below best describe what a filter does?

a. b.

0% . o

FILTER |— o DOYA ==} ¢ yer

d.

+10v. . .

FILTER J— o YYN = g 1eg
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2. There are two basic electronic comporients used in filte~s; capaci-
tors and coils (chokes). A capacitor is used because it opposes any °
change in voltage, and a coil is used because it opposes any change in
current.

These components determine the name and basic puspose of tle filter.
I1f the ciosest component to the rectifier is a capacitor...

-'I
I
]

F—%F——- ;

Ll

_illL )

1¥ the closest component to the rectifier is a coil (choke)..

it is called a Capacitor Input Filter
and will provide maximum voltage.

l._...____

~

it is called a Choke Input Filter and
will provide maximum current.

| i i |

Match the filter schematic with its description as to the type and
application.

R RSN §

Choke input for high voltage.
Capacitor input for high current.
Choke input for high current.
Capacitor input for high voltage.




LRI

PAFulToxt Provided by ERIC

Twenty=-V

3. The capacitor input filter meintains @ high voltage level because the
capactior charges very quickly and discharges much more slowly. This
slow discharge rate means that before the capacitor can discharge very
much the next puise has arrived and boosted the voltage level back to
peak value.

The choke input filter opposes any change in curreat. As the voltage
pulsates, the current fc¢llows. The coil opposes the current change to
obtain a relatively steady current output to the load. This constant
current flow, passing through a fixed resistor, provides a steady vol-

tage.

A capacitor input filter provides a constant high tevel, while a
input filter provides a constant current.

- m om m am am om YA o W o M o & m m m b W e o M o o M om o om om
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voltage, choke {in that order)

4. The addition of a capacitor and a resistor to the capacitor input fil-

T

or another capacitor to the choke input filter

i REEEY!

provides us with configurations called Pi filters. (The name is derived

" from the Greek letter pi (7).) The pi filter with the resistor is used

mainly i1 low current applications.

The pi filter with the coil |s probably tha most common configuration
found in power 5uppl|es. The ‘capacitor's ability to maintain a con-
stant high voltage and the Zoil's ability to maintain a constant current
gives us the best of both worlds.

The pi filter is produced by adding a and a to a capacitor
input filter or by adding a to the choke input filter.

capacitor, resistor, capacitor {in that order)

’f




P.l.

S. Which of these filters would be used for high voltage?

{c will block all DC voltage from the load)

Which of these filters would be used for high current?




P.1.

4@ 7 mich filter is api Filter?

b. (Choices a and d will divert the DC to ground)

8. TEST FRAME

The pi filter provides the high capaclty of a capacitor input
filter and the high capacity of a choke input filter.

THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WiTH THE CORRECT ANSWER
GIVEN AT THE TOP-OF THE NEXT PAGE.




voltage, current (in that order}

§

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. |IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU |INCORRECTLY ANSWER ONLY A FFW OF THE PROGRESS CHECK QUESTIONS,
THRE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPKS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE KAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS {IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST tTEMS ON THE "ROGRESS CHECK CORRECTLY.
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- . NARRAT I VE
LESSON V

.ilter Section

The pulsating DC supplied by the rectifier is of little practical use in
most electronic equipment. What is usually required is a smooth DC vol tage.
In order to get this voltage we use & filter to smooth out the pulsations.
The filter will not get rid of all of the pulsations, just most of them.

The voltage variations that are left are called ripple.

+10 Ve - - +10V

o LYYA ] fyqep [0

There are two basic electronic components that are used as filters; the
capacitor, because it opposes any change in voltage, and the coil (choke)
becauyse it opposes any change in current.

What is the runction of the filter stage of a power suﬁply?

- e o s o o Em m Em gm m o o M M M e Mmoo M we M m o e m m m m m m  wm m m

To remove pulsations from the rectifier output and give a smooth DC
voltage. (or words to that effect)

When a coil is used as the first component following the rectifier out-
put, the filter is called a Choke Input Filter.v

LN

E ¢R1
“ = Cr2
1€

When a capacitor is the first component following the rectifier, the
filter is called a Capacitor Input Filter,

Lot

e
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what type of input filter does the following schematic show?

| vl

P N . T . - T . T - T T e T

RL

Capacitor input filter.

How do filters work? Well, in the capacitor input fi ter,

the capacitor charges very qui-'dy up
to the applied voitage and discharges

LOAD very slowly.

I

This slow discharge means that before the capaciior can discharge com-
pletely the next pulsation has arrived and boosted the voltage to its
original level. This input to the filter

+10V-- -
o LYY

i |

e =g
| SR S - )

will give this output from the filter

+10V
—l-

FILTER oV

5

The choke (coil) filter opposes current change. It opposes current change
throughout the entire alternation of the pulsed DC. This gives a relatively
constant current output to the load, which results in a constant voltage.

112
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The addition of a capacitor and a resistor to the capacitor input filter

g iy i v ——————————

gives us a common configuration called a Pi filter. (The only reason
for the name is because the schematic resembles the Greek Letter Pi

[=1).

The pi filter with the resistor Is used mainly in low current applica-
tions. _

The pi filter with a coil is probably used to a greater extent than any
other filter in power supplv applications. This pi filter takes advan-
tage of the capacitor's ability to maintain a constant high voltage and
the ccil's ability to maintain & constant high current. ‘

. o7 113
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Identify the correct schematic illustration of a power supply's pi filter. .
a. l— ——————————— A ¢ b‘ ——————————

— —

r———-
I
{
I
I
]
|
|
|
|
'
I
i

Wp—o
—)

| IS I [P

55
.
|
1
|
;
|
]
|
[
[
[
i
.
.
]
|
|
|
|
i
|
|
[
|
|
|
.

j

|||—o

o
)
i

!

|

|

|

|

i

|
L

[]
|

o
i—o
o
:
A
—o o

- m ey o Em m a m o e o o m o o o m m mm m m am am m o e m m am m v m m m o= om

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

If YOU INCORRECTLY ANSWER ONLY A.FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL 'REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. |IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, GF THE LESSON, SELECT AND USE
ANOTHER WRITTCN MED IUM OF INSTRUCTION, AUDIO/ViSUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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OVERVIEW
LESSON VI

Power Supply Regiilators

In this lesson you will study and learn ahout the function of a voltage
regulator, the operation of a simple series regulator, the operation of
a simple shunt regulator, and the purpose of a zener diode in a shunt

voltage regulators. .

The learning objectives of this lesson gre as follows:

TERMINAL OBJECTIVE(S):

20.6.40 When the student completes this course he will be able to
TROUBLESHOODT two,(one at a time) faulty solid state power
suppiies to the component level, given a training device,
multimeter, oscilloscope, and schematic diagrams. Repair
work will be done with similar components on a practice

. card. Fault diagnosis to be 100% correct with repair
work passing a Learning Supervisor's visual and physical
check.

"ENABLING OBJECTIVE(S):
When the student completes this lesson, he will be able to:

20.6.40.11  OBSERVE, MEASURE and INTERPRET the voltage at the power supply
regulator output when (1) input voltages change and (2) when
loads are added, given a VOM, schematic diagram, a job program,
and a training device with provisions “or varying line voltage
and load conditions. Readings to be within tolerances speci-
fied in the job program.

20.6.40.11.) I1DENTIFY the function of a series regulator by selecting the
statement best describing the function of an electronic
series regulator, given an illustration and a sat of state-
ments. 100% accuracy is required.

20.6.4D0.11.2 IDENTIFY the function of a shunt regulator by selecting the
statement best describing the function of an electronic shunt

regulator, given an illustration and a set of statements.
100% accuracy is.required.

20.6.40.11.3 I0ENTIFY the function of a Zener diode acting as a voltage
requlator in a power supply by selecting the most correct
statement from a list of statements, one of which correctly
describes the functions of a Zener diode, given an illus-
tration and a set of statements. 100% accuracy is required.

116
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OVERVIEW

20.6.40.11.4  MATCH the physical! components of the output stage of an
electronic power supply with their respective schematic
symbols given a schematic diagram, a job program, and a
training device power supply. 100% accuracy js required,

20,6.40.11. 5.1 (DENTIFY the location of components, letter number desig-
nations and test points of the output stage of an elec-
tronic power supply as required on the: job program given
a schematic diagram and a training device power supply.
100% accuracy is required, ‘

BEFORE YOU START THIS LESSON, READ THE LESSON LEAANING OBJECTIVES ANO
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOQURCES
LESSON VI

Power Supply Regulators

To learn the material in this lzsson, you have the option of choosing,
according to your experience and preferences, any or all of the follow-
ing ctudy resources:
Written Lesson presentation in:
Module Booklet:
Summary
Programmed Instruction
Narrative
Student's Guide:
Progress Check

Enrichment Material{s):

Electronics Installation and Maintenance Book, Electronic Circuits,
NAVSHIPS 0967-000-0120, section 2

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LZARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY LEQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY

TiME.

111

\ "ne




Summary . ’ Twenty-VI

SUMMARY
LESSON VI

Power Supply Regulator Theory

-

A voltage regulator {s the final stage in many power supplies A voltage
regutator wll) maintain a constant BC output voltage in spite of input AC
line voltage fluctuations or output load changes.

There are two classi’ications of voltage regulators: series regulators
and shunt regulators. Regulators are classlified accordIng to the way the
regclating device is connected with the load: in series or in paralle)
(shunt).

"The simplest type .f regulator is a series regulator.

+ r’ I .
' [ : ;RV :
. INPUT DC | |
VOLTAGE ' SERIES i <AL LOAD
{FROM FILTER) : REGULATOR : VOLTAGE
-0 S . _

In this schematic, the requlating device is represented by a variable
resistor (Rv). If the Irput DC voltage from the filter increases, the
resistance of Rv may be increased in order to maintain a corstant voltage
across RL‘ By the same token, Rv may be decreased if input voltage de-

creases,

A shunt regulator has the regulating device in parallel wlth the load:

+o—b ' +
i Rs 1
INPUT DC { : LOAD
VOLTAGE II RV 2 RL  voLTAGE
I | -
-e Lo

Rs is a resistor in series with the load and Rv agaln represents a re-
gulating devilce. 1f the input voltage Increases, it is necessary to
Increase the voltage drop on Rs in order to maintain a constant voltage
across RL' By decreasing the resistance of Rv, the current flow through

Rv and Rs will increase and the voitage drop across Rs will increase.

119,
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If the input voltage decreases, the resistance of Rv must be ircreased
to decrease the voltage drop across Rs to maintain a constant voltage
across RL'

Most regulators do not use variable resistors because the input voltrage
wil]l fluctuate too rapidly to be controlled manually. One type of auto-
matic regulating device is the Zener diode. A Zener diode is a special

kind of diode that will maintain a constant voltage {known as Zener

voltage) when bjased to conduct in the reverse direction even through jts °
current may vary over a wide range. .

A shunt voltage regulator using a Zener diode is shown below:

- 77"
+0- , w/}‘/\/‘ , +
INPUT DC ! s :
VOLTAGE | | ZENER A’ . &R REGULATED
_(FROM FILTER) l DioDE T | ind
12V ) | .

T R

Since the Zener diode maintains a constant load voltage, all increases
and decreases in input DC volrage or variations of the load wili be
absorbed by the series resistor Rs.

AT THiS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. |IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS '
LESSON YOU ARE HAVING DIFFICULTY WITH. |IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AWD USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CANSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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.o PROGRAMMED INSTRUCTION
LESSON VI

Power Supply Regulavors

TEST FRAMES ARE &, 1D, AND 18. AS BEFORE, GO FIRST TO TEST FRAME b AND
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS
GIVEN AFTER THE TEST FRAME.

1. The final stage in many power sup~lies is a voltage regulator circuit.
A voltage regulator will maintain a constant DC output voltage in spite
of input AC line voltage fluctuations or output load changes. Precision
electronic equipment requires a constant pC voltage for proper operation,
but there are several reasons why the D output voltage might tend to
vary:
‘ »
a., The input AC line voltage may vary.
b. The load on the power supply might change; for instance,.
part of the circuit must be removed during testing. - :
¢. Aging of components; the characteristics of resistors,
. transistors, and some other components will change as
they-get older. .

Therefore, to,offset factors that affect voltage, a voltage regulator

must mainain a bC output voltage. )

constant
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2. A voltage regulator will always have some sort of regulating device
to adjust voltage and/or current in case AC line voltage fluctuates or
the load changes. The simplest type of regulating device is a variable
resistor. A variable resistor can be placed in series with a load resis-
tance. (Note: the load will be repressnted as a resistor (RL} in this

lesson, but the load may zctually be an entire electronic circuit.)

+ +
. RV
INPUT OC 1y LOAD

VOLTAGE ~ 20YDC BL © vOLTAGE s
10voC

- O -

In the example above, Rv is a variable resistor, RL represents the load,

and 20v DC will be supplied from the filter circuit of a power supply.
Rv and R each have a voltage drop of 10v.

tf the voltage from the filter increases to 22v, the voltages across Rv
and RL will also increase - to-llv each - since the total voltage drop .

rust equal the applied voltage.

+

INPUT DT e LOAD
22v MvSRL yoiTace

VOLTAGE lp

But the voltage across RL must remain 10v in order to make the c¢lrcuit

operate properly.

What component ih the circuit can be adjusted to reduce the current flow
through resistor RL?

- okt o W m W m W o W ms M S = o m m m m m m o m m % om mk m ™ om om W mk W m om

Rv c2n be adjusted
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3. Let's say thaf we, increase the resistance of Rv until Rv drops 12v .
and RL drops 10v:
+ +
t. I )nv . .
INPUT DC_ 2v - . L.OAD ' .
VOLTAGE = 22V . VOvSRL . Joitage
J . N
Now the load voltage has been '‘requlated’ or adjgsted to maintain a .

constant 10v.

If the volthge from the filter dropped to 18v, what must be done within
this circuit to maintain a constant 10v across RL? '

-

L3

The voltage across Rv must be adjusted to Bv. {or woras to that effect)

! 2

|
il -
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L. TEST FRAME

The type of regulator discussed so far is called a Series Regulator
since the regulating device is in series with the lpaa resistance. In
order to maintain a constant voltage across RL in a series regulator

+ d +
RV
LOAD
INPUT DC AL
®  VOLTAGE VOLTAGE
-0 -
the. resistance of Rv must be - » if the input DC voltage increases.

- A o o o w oy e m m m m m m m m m om m m m om m om om m wm m m w om omm wh W o o

/
THIS 1S A TEST FRAME. COMPARE YQUR ANSWERS WITH THE CORRECT ANSWERS
, GIVEN AT T{E TOP OF THE NEXT PAGE. )

. ' 117
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increased .

[F YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON 70 TEST FRAME 10.
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAK-
ING TEST FRAME 4 AGAIN,

5. A voltage regulator will maintain a constant in spite of
input voltage or output load .

DC output voitage, fluctuations, changes

6. Another type of regulator circuit is the shunt regulator ip which the
regulating device is in parallel with the load. -

For example, agaln say that the DC voltage from the filter is 20v bC:

+ AAA +
RS
INPUT DC 10V LOAD
20vDC AL
VOLTAGE ]V VOLTAGE
l 10V ov

The voltage required across RL is 10v. MNote that the voltage across RL

plus the voltage across Rs must be equal to the total DC voltage from
the filter.

125
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It the DC voltage from the filter increases to 22v DU because of an in-
crease in AC line voltage, all voltages will tend to increase proportion-

ally:
+ AAN :
S
INPUT DC v OAD
22v . o LOA
VOLTAGE RV VDLTAGE
}: v v

The voltage across RL is now ilv. But we require I0Qv across RL.

In order to obtain I0v across RL with an input DC voltage of 22v OC,

what voltage must exist across Rs?

= m m m o m m e o 4 m m m m m n m @ m m m W o wm m m m wm o m o v W™ o o m

12¢

7. The only adjustment available in the circuit is Rv. By decreasing
the resistance of Rv, we increase current flow through Rv. Note that
Rv an¢ Rs are in series, so increasing the current through Rv also
increases the current through Rs.

Let's increase the cuirent flow through Rs until the voltage drop across
Rs increases to 12v. What is the voltage across RL now:

+ AN\ +
1 Rs
INPUT DC oo v LOAD
VOLTAGE l RV :"— VOLTAGE
Ty
-0 -

- e o e o s e wm w wm wm = o o wm W o o mm wm wm mm wm wm wm w wm a wm wm pa wm
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10V

8. We have now adjusted the load voltage back to 10v when the .input DC
voltage increased. Assume that the input voltage decreased to I5v:

+ AAYA +
T= RS -
INPUT OC
LOAD
VOLTAGE 1@ RY AL vOLTAGE

Do we increase or decrease the resistance of Rv to obtain 10v at RL?

- em m W m o m m m m om R s W om om M om o om ok o m m e o o m o m m e m om m om m o

Increase the resistance of Rv in order to reduce the current through Rs.

9. Now what is the voltage across Rs?

+ AN +

T RS
INPUT DC 2V LOAD
VOLTAGE RV RL  VOLTAGE

| 10V

— c — —

oV
127
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. 10. TEST FRAME

In general, If the Input DC voltage increases in a shunt voltage regulator:

RS
INPUT RC
e .. ._ _VOLWAGE. RV

LOAD
RL  vOLTAGE

- -_

+o-~ VvV g

we should (increase/decrease) the resistance of Rv In order to maintain a

constant voltage across RL'

P oEm am o M W o W o W A O oam M om omy m m E mk o o e o m = m

THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE ANSWER GIVEN AT THE
TOP OF THE NEXT PAGE. .

5 121 128




Twenty-Vi

decrease

tF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU MAY GO ON TO TEST FRAME 18.

OTHERWISE, GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 10 AGAIN,

11. As seen, the output DC voltage may'be maintained at a constant level -

if the input DC voltage changes. But we can also compensate for changes
in load. Refer to the serfes reguiator below:

T '

INPUT DC
VOL TAGE SERIES RL
(FROM FILTER) REGULATOR

- —_ -

Resistances Rv and RL form a voltage divider network to divide the total
input DC voltage proportionately. |If RL decreases in value, Rv must also

be decreased in value in order to maintain the same resistance proportivn,
The variable resistor is always adjusted to maintain the same proportion
of voltages across Rv and RL'

I £ RL increases, should we increase or decrease Rv in order to maintain

a constant load voltage?

increase Rv

12. A shunt voltage regulator can als> compensate for changes in the

load resistance. The load resistance and the variable resistance are
in narallel: R,

+e AAA +
RS
INPUT DC ...
VOLTAGE RV RL

129 ®
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The parallel combination of Rv and R, must be maintained at a constant

L
resistance in order to maintain a constant load voltage. Therefore, if

RL increases Rv must be decreased. What should be done if the load re-

sistance decreases?

increase Ry

13. So far, you have seen the voltage regulating device represented as

a va.iable resistor. Normally, a variable resistor cannot be used since
the voltage fluctuations occur too rapidly to be corrected manually.
Most voltage regulators operate automatically and will continuousiy re-
gulate the output voltage without any external manipulation. One such
automatic regglator uses a regulating device called a Zener diode:

+0O0— : ; +
' |
DC ¢
e S o
; ] VOLTAGE
-0~ ' ‘ -

Would the above Zener diode regulator be classified as a shunt regulator
or a series reguiator?

Shunt regulator - since the regulating device, the Zener diode, is in
parallel (shunt) with the load.

ik. A Zener diode is a spucial type of diode that blocks current like a
normal diode unti} the applied voltage reaches a value known as the
brezkdown voltage or Zenmer voltage. When this happens the Zener diode
=<.ducts from its anode to its cathode (with the arrow!!!). 1he Zener
diode will maintain this constant voltage {Zener voltage)} as long as the
Zen=r continues to conduct. The Zener current can vary over a range.
Zener diodes are available with various Zener voltages. Some of the
common schematic symbols for Zener diodes are:

o et

123 130




P.1. Twenty=-Vi

A Zener diode is conducting from anode to cathode. It will

a. Maintain a constant volcafe drop.
b. Burn out. -
c. Increase voltage as current increases.

a. Maintain a constant voltage drop.

15. A shunt voltage regulator using a Zener diode has the Zener diode
in parallel with the load resistor:

+ —/\MA +
. RS
. 10v
INPUT DC 20v 10v Ry LOAD

For example, say.that the input DC voltage from the filter is 20v and
the Zener voltage is 10v. Since the lener is in parallel with the
load, the load voltage will also be 10v.

Ifgknput voltage increases to 22v, the Zener diode voltage will not
increase. However, the Zener diode current will increase whica in- ~
creases the current through Rs. The voltage drop across Rs increases
because of the increased CUrrent

+ VA +
D ?
":"UT GEC22V : 10v R LOAD
OLTA L S 10y VOLTAGE

Now what is the voltage drop acioss Rs?

- m m om m m m am m a am mm mm mm W u mm m mm m mm w mk o o o W mk am m am am m m ow m -

12
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16. The series resistor, Rs, absorbs the entire increase or docrease of
input voltage. 1If the input DC voltege decreases, the current through
Rs and the Zener diode will also decrease, but again, the voltage drop

across the Zener will not change.

What is the voltage across hL if the input volitage changes to 15v DC?

+T MW 3

Rg .

INPUT DC 45, 10v -
AL LOAD
VOLTAGE L ' 9 VOLTAGE

17. 1f the input voltage drops below the Zener voltage, the Zener diode
will stop conducting and there will be no requlating effect. Therefore,
because of the presence of resistance Rs in the regr lator circuit, the
input voitage must always be higher than the Zener voltage.

If 12v is required across the load recistance in the circuit below, what
can be said about the requirement of the input 9C voltage from the filter?

+o— VAA +
Rs

-

INPUT DC ZENER & 12V 2 LoAD
VOLTAGE 12V VOLTAGE

It must be higher than 12V.
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Q) o TesT rrane

1. A Zener diode can be used as part of a voltage regulator because

\\\_féﬂ State the purpose of a voltage regulator.

- o ap wm m am Em mm m E  m m m m m m m wm m wm m m m am o W W m W m am m m = o=

THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.
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. Tt maintains a constan: DOC voltage drop. {or words to that effect)
2. A voltage regulator will maintain a constant DC output voitage in
spite of input AC line voltage fluctuations or output load changes. (or
words to that effect)

IF YOUR ANSWERS MATCH THE CORRECT ANSWER, YOU RAVE COMPLETED THE
PROGRAMMED INSTRUCTION FOR LESSON VI MODULE TWENTY. OTHERWISE GO BACK
TO FRAME -1 | AND TAKE THE PROGRAMMED SSQUENCE BE*ORE TAKING TEST FRAME
18 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO TRE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNtNG SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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NARRAT I VE
LESSON VI

Power Supply Regulators

w.'

]

The flnal stage in many power supplies is a voltage requlator circuit.

A voltage requlator will malntain a constant DC output volzage in spite
of input AC line voltage fluctuations or output load changes. .Precision
electronic equipment requires a constant DC voltage for proper operation.
There are several reasons why the voltage might te’ to vary:

a. The Input AC line voltage may vary.

b, The load on the power supply might change.

c. (omponents will age; the characteristics of resistors, tran-
sistors, and some other components 'will change as they get
older.

hY

Despite ihese various factors that affect voltage, a voitage requlator
will maintain a constant DC output. « o

A voltage regulator wlll always have some sort of regulating device to
adjust voltage and/or current. Regulators are classified as shunt reg-
ulators or series regulators depending on whether thc regulating device

i3 In parallel {shunt) or_In series with the load. (In this lesson, the
load wilt be represented by a resistor (R ) although the load may actually
be an entire electronic circuit.)

A simple series regulatcr is shown below:

%

i (
|
INPUT DC I i REGUL
EGULATED
VOLTAGE. _ Il * SERIES I SRt Toureur
*(FROM FILTER) . REGULATOR }
-0 -
e e e J
The regulating device, is represented by a variable resistor (Rv). If
the DC voltage from the filter increases, the resistance of Rv will be
manually increased in order to maintain a constant voltage across R . F

the input voltag: decreases, would you Increase or decrease Rv in order
to maintain a constant voltage across ﬁ ?

decrease the resistance of Rv
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A shunt requlator has the ‘regulating device (Rv} in parallel with the lvad:

INPUT DC
VOLTAGE

{FROM FILTER}

REGULATED
CUTPUT”

-G

[

Rs is a resistor in series with the ioad, and Rv'again represents a
reguiating device. ' Note that the voltage acfoss Bv plus the voltage
across Rs must-be equal to the -total DC voltage from the filter since
they are in series.- The voltage across’ anngL will be the same

because they are in parallel. Therefbre, {f the in?uﬂﬂﬁsﬁtage increase$,
it Is necessary to increase the volfage drgp of Rs in order to maintain
the original voltage across RL and Rv. The only adjustment is Rv. By
decreasing the resistance of Rv, the current flow through Rv and Rs will
increase because the circuit has less total resistance. With an Increase
in current flow through Rs the voltage drop across Rs will increase.
Therefore, if the input voltage increases, Rv must be decreased to main-
-tain a constant voltage across the load.

Assume that the input voltage decreases. Do we increase or decrease
Rv to maintain a constant load voltage?

Increase the resistance of Rv

As seen, the output DC .voltage may be maintained at @& constant level
if the input DC voltages changes. . Also, both the series and the shunt
regulator can compensate for changes in fhe load.

Refer- to the series regulator below:

. .. +c +
. _ | ;RV
INPU'' DC

RL
VOLTAGE SERIES
REGULATOR

-0 -
Resistance Rv and RL form a voltage divider network which divide the

total input DC voltage proportionately. |f RL decreases in value, Rv

must also be decreased in value to maintain the same proportion.

137
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Assume that the input DC voltage is 20v and the voltage required across
. RL is 10v., |f the load is 20 ohms, Rv must also be 20 ohms. |If the

load resistance decreases to 15 ohme, Rv will need to be decreased to
15 ohms also, The variable resistor is adjusted to maintain the same
proportion of voltages across Rv and RL'

if RL increases, should we increase or decrease Rv in order to maintain

"a constant joad voltage?

increase Rv

. A shunt voltage regulator can also compensate for changes in the load

resistance. The joad resistance and the variable resistance are in
parallel:
+0 NN~ +
RS
INPUT DC LOCAD
VOLTAGE RV RL  voLTaG.
%
- O -
The parallel combination of Rv and RL must be maintained at a constant
. resistance in order to maintain a constant load voltage. Therefore, if
) RL increases, Rv must be decreased.

What should be done 1f the load resistance decreases?

increase Rv

$o far, you have seen the voltage regulating device represented as a
variable resistor. Normally, @ variable resistor cannot be ysed since
the voltage fluctuations occur too rapidly to be corrected manually.
Most voltage regulators operate automatically and will continuously
reguiate the output voltage without any external manipulation. Jne such
automatic regulator uses a device called a Zener diode: below are some
schematic symbols of Zener diodes.

or
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Zener diodes, like other diodes you have studied, will pass current
(against the arrow) when forward biased and block current when reverse
biased. However, should you increase the reverse bias to higher and
higher levels, it will reach a point at which the diode conducts in the
reverse direction (with the arrow). This point is known as the peak inverse
voltage (PI1V). If this point is reached in a normal diode, it will destroy
the diode, but a ZENER diode is constructed in such a manner that it wil}
conduct in the reverse direction without burfning up. The reverse bias
point at which a Zener diode will conduct is called BREAKDOWN VOLTAGE

or ZENER VOLTAGE. Zener diodes are normally biased to operate (conduct)
in the reverse direction. When the Zener diode does conduct ir the re-
verse direction, it will maintain a constant voltage drop over a specific
range of current. The Zener accomplishes this by decreasing its internal
resistance as the reverse bias voltage tends to increase and increasing
its internal resistance as the reverse bias voltage tends to decrease.

The point at which the Zener will conduct in the reverse direction (break-
down or Zener voltagz) and the range over which it will maintain a
regulated voitage (Avalanche region) is predetermined by the way it is
manufactured, and it varies frun one zuner type to another, accordira to
need. Zener diodes are therefore classified according to Zener breakdown
voltage and current handling capability.

Now that we know how the Zener basically works let's plug it into a
shunt regulator circuit.

+0 , VAVAVA G +
[ Rs i
INPUT DC ' [
ZENER
VOLTAGE ' DIODE T | AL V(I).I?TAA%E
f |
-—c -

in the illustration, notice that the Zener replaces the variable resistor
(Rv). The following voltages have teen assigned for ease of explanation.
The Zener has been reverse-biased into conduction and thus will maintain
a 9.2 VDC voltage drop. Because the Zener is in parallel with the load
{RL) it will regulate the load voltage to 9.2 VDC.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS (HECK. IF YQU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRIVTEN MECIUM OF INSTRUCTION, AUDIO/ViSUAL FATERIALS (IF
APPLICABLE)}, OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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OVERVIEW
LESSON VII

Power Supply System Concept

In this lesson you will study and learn about the cause and effect of
loading and interloading. As you proceed through this lesson, observe

and follow directions careful ly.

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

20.7.40

When the student completes this course he will be able to
TROUBLESHOOT two (one at a time) faulty solid state power
supplies to the component level, given a training device,
multimeter, oscilloscope, and schematic diagrams. Repair

- work will be done with similar components on a practice

card. Fault diagnosis to be 100% correct with repair work
passing a Learning Supervisor’s visual and physical check.

ENABLING OBJECTIVE(S):

When the student completes this lesson, he will be able to:

20.7.40.12

20.7.40.13

20.7.40.14

OBSERVE, MEASURE, RECORD and INTERPRET the normal waveforms
at the output from each stage of an electronic power supply
when each stage is in a loaded condition, given a training

device, schematic diagrams, a job program, and an oscillo~

scope. Readings to fall within specified tolerances.

IDENTITY how changes in current requirements are compensated
for in an electronic power supply by selecting the correct
statement from a list, given a list of choices only one of
which is gcorrect. 100% accuracy is required.

IDENTIFY the stage of an elecironic power supply showing the
most noticeable output waveform change as a result of inter-
stage loading by selecting the correct statement concerning
such change, given & list of statements only one of which is
correct. 100% accuracy is required.

5 141
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OVERVIEW

20.7.40.14.1 DEFINE the cause of "loading'" by selecting the correct, state-
ment of the cause of loading of an electronic system, given a

list of statements only one of which js correct. 100% accuracy
is required.

20.7.40.04.2 STATE the effect{s) of "loading' of an electronic system by
selecting the correct statement of the effect(s) of loading

given a jist of statements only one of which is correct.
1002 accuracy is required.

BEFORE YOU START THiS ESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON VI

Pewer Supply System Concept .

To tearh the material in this lesson, you have the option of cwoosing,
according to your experience and preferences, any or atl of the follow-
fng study resources:

Written Lesson presentation in:
Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:
. Job Program Twenty - VI "Power Supply Filtering, Regulation

and Loading Effects'"
R Progress Check

Enrichment Material(s): )

Electronics installation and Maintenance Book, Electronic Circuits,
NAVSHIPS 0967-000-0120, section 2 ,

YOU MAY USE ANY, OR ALL, RESQURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISCR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY

TIME.
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. SUMMARY
LESSON Vi]

“Power Supply System Concept
~

™.
™

The previous six lessons deé?( with the functional stages of the power
supply. This lesson is designéd\to present a system concept of the power
supply. This lesson covers the following areas:

1. The effects of loading and the.limportance of matchi:g the power
supply specifications to the load,

2. The effects of interstage loading in the power supply system.

o— INPUT SECONDARY RECTIEIER FILTER REGULATOR
NEvAC STAGE STAGE = STAGE - STAGE STAGE
*—-—.

POWER SUFPLY SYSTEM

The five stages of the power supply make up a system. This system is
designed to perform a specific overall function. That function is to
provide the voltage and current requirements of the load. Any device or
circuit connected to the power supply is called the load. As long as
the power supply is matched to the load, the power supply will perform
with no difficulty. 1f a mismatch occurs between the power supply and
load, the power supply will operate much like a track star trying to

run with a 200 pound weight. HNot only will the power supply encounter
serious problems with performance; it may also fail to hoid up under

the strain of the mismatch.

When a load is added to the power supply, the total impedance offered

to the 115SVAC changes. 1f the load is primarily the addition of parallel
impedance the total impedance of both circuits will decrease. (Adding
resistance in parallel will decrease the total resistance of all the

"branches). Adding a load that is mainly in series between the power

supply and the original load will increase the total impedance of the
network. 1f the load impedance increases or décreases, the amount of
current drawn from the 115VAC souce will change.

19
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1
1
1
— POWER !
LOAD '
115 VAC | SUPPLY DC -
VAC | SYSTEM SYSTEM |
? !
1
I []

EQUIPMENT S/STEM

If the load attached to the power supply is flxed, it is simple to design
a power supply to provide a constant voltage. The situation changes when
the load is variable. Without regulation, everytime the variable load's _
impedance changes, the current through the entire system changes. The
voltage output of the power supply will also change. By using an oscillo-
scope, the voltage output can be seen to change with changes in the
variable load., Automatic voltage regulators correct this varying output
voltage. For example, the Zener diode wijll pass more or less current de-'
pending on how much current is demanded by the variable load. Since
current in each parallel branch is additive, total current is the sum of
the current in each branch. When the variable load is reduced, more cur-
rent will try to flow in the lcad. The Zener will adjust its internal
resistance and allow less current to flow through it. The increase in
current through the joad is exactly offset by the decrease of current
through the Zener. Therefore, total system current remains unchanged.

R
. ~30-POWER * :
SUPPLY ZENER |

The Zener is capable of operating only within a specific range of current
changes. 1f the load calls for more regulation. than the Zener can pro-
vide, total current will start to rise; total voltage start to decrease.
When this happens the power supply is said to be overloaded.

Secondary is a load
to the input stage.

VY

115.VAC

INPUT T | SECONDARY
STAGE —_— STAGE
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. When stages are added in sequence to the 115 VAC source, total impedance
changes with each addition. For instance, the input stage offers a \
specific amount of impedance to the 115 VAC. When the secondary stage is \
then added, the secondary will act like a8 load to the input stage. In

other words, each stage added acts like a load to the previous stage or

stages. When the loading effect of each stage within the power supply

cystem is considered, it is referred to as interstage loading. The most

visible interstage loading occurs when the filter is added to the recti~

fier. The "bumps' coming out of the rectifier are immediately changed to

a ripple. The loading effect of the filter causes this change.

l}‘.' N \%}' ) laEcT!Flea\ K . RECTFIER FILTER p—r=

Without A Load With A Filter lLoad

When the regulator is added to the filter, the amount of ripple in the
filter increases. Without the regulator, the filter does a great job
of smoothing out the ''bumps'' from the rectifier. The regulator load
draws current through the filter and makes the fiiter work harder. The
final result--the ripple becomes »ore pronounced.

S0 remember, each stage of the power supply has & specific function.

. Each separate fupction combines to produce the system function. One
system interacts with another system {power supply + radic Circuits)

to provide another combined system function {receive radio broadcasts).

These interlocking fupctions have endless combinations.

L " AT THIS POINT, YOU MAY TAKE THE LESSOMN PROGRESS CHECK. |IF YOU
ANSWER ALL SFLF-TEST ITEMS CORRECTLY, PROCEEDG TO THE MEXT LESSON.

IF YOU INCORKECTLY ANSWER CNLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFEP YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOQU CAN KESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUQIO/VISUAL MATERIALS {IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST !TEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON VI

Power Supply System Concept

TEST FRAMES ARE 4, 10, 13, 19 AND 22. GO FIRST TO TEST FRAME #4 AND
SEE §F YOU CAN ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS AT THE

END OF THE TEST FRAME.

l. #n this lesson we will discuss the power supply in a system. You
will see how each stage of the power supply is connected to the other
stages and how they interact with each other. Voltage, current, and
impedance relationships are important for the proper operation of the
system. Remembering Ohm's Law; | = E/Z, we see that a change in resis-
tance or Impedance will result in a change in current, as long as the
voltage is held constant. The greater the impedasz; the smaller the

current.

With a decrease in the impedance in the system, whlch statement is the
most probable result? N

\\ a. current decreases N
b. current Increases
\ ¢. voltage decreases
| d. voitage increases
!

. e T

{
i
-b. current increases

i These changes in impedance can be thought of as the '"loadlng effect’.
A load effect 1s caused by any circuit added to a system which causes
j the impedance of the system to change and tnereby the amount of current
. to cha#ge. Adding circuits in paraliel to the power supply system causes
\ thextbtal impedance of the power supply and ioad to drop. On the other
\hand fif the load is added :n series with the existing load, the overal!

Impedance will Increase.

\fXa. toading a system with mainly parallel impedances wili do what to
the total current drawn or demanded from the 115 VAC source?
b. | tf the load impedance is added In serles, what wiil happen to

the current?

| o147
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a. increases current in parailel.
b. falls for series load.

3. In working with our system we must match our load to the power supply
design capabilities. Just as you wouldn't try to light your house with

a flashlight battery, you wouldn't use 115 VAC in your flashlight. The
loading effects mainly result in chanoe of current requirements in elec-
tronic circuits. As circuits are added or removed, the current required
from the power supply will increase or decrease. Therefore, it is im-
portant to match the power supply to the load.

No response required

L. TEST FRAME

If the load requires 100 Velts, anv 100 Volt power supply will work.
(True/Faise).

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GJVEN
AT THE TOP 0F THE NEXT PAGE.) '
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-

False. Current requirements must also be met before the lpad and power
supply may be considered matched.

IE YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 10.
OTHERWISE G0 BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAK-

ING TEST FRAME 4 AGAIN.
._;,/

5. By taking the power supply stages you've learned about and connecting
them together, we can make a power supply system. The first stage of our
system is the input. .

, $1

118 VAC /r\
F1 DS1 y
O . \_? 115 VAC

) INPUT STAGE

4
As soon as we turn the switch on, 115 VAC will be applied to DS1 and
the primary of the tramsformer. The input stage now acts as a load
to the 115v source. The current required will be the sum of the cur-
rents through DS1 and the primtary of the transformer.

Would the load on the 115 VAC source increase or -decrease in DS)| were
to burn out?

= = ma = m = oa W™ om m om W o m om Em m oEm m m Em = oEm m o Em m o= m om m o om m o owm = = o=

decrease

6, As soon as we add the secondary of the transformer to the system the
impedance of the fnput will change because the secondary impeuance will
be reflected back into the primary of the transformer,

Now any change in secondary impedance (z) will cause a corresponding
change in input impedance.

o—— o
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.‘ If current goes up in the secondary what happens tc current suppliec 9y
the 115 VAC source? N

Current will inCrease,.

7. The next stage that we add to our system is the rectifier. The recti-
fier is a "load" to the first two stages of the power supply. Total im-

. .~ , pedance of the system will be changed by current flow in the rectifier
circuit. Ary time the addition of one stage of a system loads other
stages in the system we call that interstage loading. In other words -

interstage loading is caused by a change of impedance in one stage which
affects the impedance of other stages in the same system.

rd

o~ o~ Faasaawm AW ot

<~ INPUT SECONDARY |~ | RECTIFIER OR
nsvae |

The output “~om the rectifier will be pulsating DC. Dependent upon the
type of rectifier (full or half wave} you have, the output may look
different, but it will still be pulsating DC.

— )

' o o/ T1

. 817 cRi1

(//F*ﬁ\ F1 D51 l‘gh_%= ;;;:]
.

Will the 7idition of the rectifier stage cause interstage lpading on
the tran,former secondary? . i

-y

4
2
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Yes

8. As we construct our power supply system further; we add a filter.
The filter is uysed to smooth out "the *‘bumps'' from the rectifier.

r

»
——
irr——

O~ INPUT L—r{ SECONDARY M-| RECTIFIER FILTER

The filter is used to give a smoother DC. By adding the filter, we
again "'load" the previous stages and the total impedance of our system
changes. The filter is a parallel impedance, which causes the total

impedance of our power supply to change, therefore total circuit current
changes interstage loading again!

T
cR1 u |

DST “ e
iRl T )

The output voltage from the filter will be much more than the peak out-
put of tne rectifier. {True/False)

S1_‘

- o am ar m o m o m m o o o o m m m m m o m o owr W o om omr w o W om om

False

15]
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9, wWhen the filter is added to the rectifier in our system we may see
the most visible effect of interstege loading.

e e e F
“1 RECTIFIER B 2 RECTIFIER FILVER  foer

Without the Filter With the Filter "Loading"
the Rectifier

As soon as the filter is added to the rectifier in our power supply sys-
tem, the ‘‘bumps'' coming out of the rectifier change to a ripple. There

is an immediate change in the total impedance of our system. It is not

just felt at the filter. The fiiter is a "load" to the rectifier.

No response required,

10. TEST FRAME
If, after the filter has béen addeu to the system, we see pulsating DC
coming out of tne rectifier, the filter is probably good. (True/false)

- o e W R o e o M e s o s e M o o o am am m m a am om ' o= s = -

) (TQISlIS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.)
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False

IF YDUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 13.
OTHERWISE GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAK-
iNG TEST FRAME 10 AGAIN.

t1. Following the filter in our power supply, we add a regulator. For
this regulator we use a Zener diode:

|

q INPUT [) SECONDARY n RECTIFIER fidd] FILTER |[~| REGULATCH

s 6 | \J STAGE U STAGE STAGE STAGE

The regulator is used to give us 3 constant ocutput voltage. The regulator
is added in parailel in our system, therefore, it causes total impedance
to decrease. .

o)

4

The power supply we have constructed, now has a specific value of imped-
ance, therefore, we wilil have a certai~ voltage output.

when the regulator is added to the system, however, total current in our

system will increase.
(True/False)

- e m m m w am M e om e W o m o m m e o A e M s e o = o o B o om = e am wm

True

153 14
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B3

V2. Any changes in the output of our system are compensated for by the

Zener changing its internal impedance. If there is more current drawn
from the power supply the Zener will increase in impedance to maintain
the same voltage ?L the output. Remembering Nhm's Law, £ = IZ, we can

see why this is. =

e

8 ——
st . Pet! L@ °
ICHC) © c1 9 &9
c2 CR3
Ft 0s1 = CR2 T l
o\ -

, We have now constructed @ Power Surnply Cystem.

No response required,

13. TEST FRAME

in the circuit shown in Frame 12, where would you expect to read total
current?

Point A
Point 8
Point C
Point D
Point £
Foint F

(e RV IR WA

- m e m m = m m w = = = e o m o om = m m om = m o omam = m 4= = ow = . owm W o o = om

. : (THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)

- ' W 154
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1. Point A,

{F YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 19.
OTHERWISE GO BACK TO FRAME 11 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 13-AGAIN.

14, Let's see what would happen if we change or add components in our
system. let's place a droppirg racisior (Rs) after the filter.

/ T > e
$1 ~ l Rt | H,
ct
F1 o1 ‘ = CR2 T

What would we expect to happen in this power supply?

m m m m W m om Wm W m m m m m W om M om W m m e m m om m m m m m m om m m -

turrent goes down.

15. We now have a Power Supply System but it doesn't do us any good unless
we use it to suppiy power to something. Let's connect a constant or fixed
"load" to our power supply and see what happens.

—————

==

— o T
$1 CR1 1
L3 c2 Rl Ry
F1 081 = CR2 T I
o ‘ﬁ\uy S |

We'll represent the '"load" with a resistor. R} offers a specific
amount of impedance to the power supply. When we conpect 2L to the
output terminals our effective impedance will change throughout the
power supply. For example, if we add a load that is mainly paraillel
impedance, the total impedance will decrease and total current will
increase. |f the load is added in series with existing loads, impe-
dance goes up and current goes down.

we 155
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2

Adding: a "load" to the power supply will cause total .impedance to’

d. increase

b. decrease

c. either aor b
d. remain constant

c. either a or b

16. With a constant lToad, the Impedance does not change. if the 115 VAC
at the input remalns constant, there is no need for voltage or current
regulation. But component values change with age and our input may

also vary, so we must have some way {to compensate for these changes.

. Host of the time these changes are gradual so we'll use a variable

' resistor to give us a constant DC output..

20V -
o——AN

ey

R! mey be adjusted to drop 20 voits. I'T our load requires a constant
10 volts and input voltage changes we may adjust Rl to drop more or
less voltage and gives us a_constant 10 volts across our load.

If current increased what would have td be donp with R1?%

p increase R. to maintain a constant output voltage.

17. We added a constant load to our system, now let's see what happens

] if a variable load is added.
O—.—/
st
£ pS1
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w2 an see that if R is changed, current will change and cavse voltage
t¢ change throughout our system. 7This loading effect is undesirable. In
circuits which have more tha~ ore branch in the load any change in the
variable branch will atfect the voltages across the other branches.

oo —o T
-1
DS

F1

o 4\}
L oot

t7 branch 2 is changed, a voltage change will also appear on branch 1 and
cause it to function improperly.  For example, let's say that branch 2 is
3¢ and S50 volts is dropped across it. We have | amp of current flow
through Branch 2. Branch | is 100&. It has .5 amp through it for a

total current of 1.5 amps. f Branch 2 is increased to 1002, current
crops to .5 amp. This in turn decreases total current to | amp. With
- gecreased current the voltage losses in the earlier stages will be less,

57 the voltage across branch | will increase. The point is, without a
regulator in the circuit, current changes in one branch wiil cause volt-

«¢e changes in the other branches.

Wnat would be the effect on Branch | of decreasing the resistance of

Branch 27
a. increased current
b. decreased current
¢. fincreased voltage
d. no effect

- o = o W o = a4 W m m m oam W aa Em m m a m e m m =

b. decreased current.

bG 7
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13. we've seen a power supply wielh 3 constant load. and with a variatle
foad. What can be done to maintain vollage constanl in a load tnat has
variable and f{ixed branches? We use a lener diode as a regulator in out
poaer supply.

e

T
1 | CR1
e ps1 |

o~——-—‘ﬁ\uf

How if R2 is changed, the Zener diode will adjust itc internal impedance
instantaneously to allow more or less current llow Lo Qive us & constant
output across our load. Look at the iullowing power supply with a fixed
ard a3 variable lead:

A branch 2 is changed, tne total inrcdance of the load will change. Total
impedance of the power supply wiil tend to change, but the Zener adjusts
its internal impedance instantaneously to compensate for any cnanges in
external impedance. {f branch 2 werc increased to 100., the total imped-
ance of our load would inrcrease and the current through the load would
decrease. The current supplied by the power supply does not change, pe-
cause the Zener doesn't altlow il to.

if load impedance increases the Zener will decrease its impedance to 3llow
more current to {low and maintain a constant output voltage to ihe load.

No response required.

19, TEST FRAME
£

The impedance of the Zener is inversely proPortional to the variable load
impedance. -(True/False) ’

‘(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WiTH THt CORRECT AtiLWER GIVEN
AT THE TOP OF THL NFYT PAGE.)
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True

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 22.

OTHERWISE GO BACK TO FRAME 14 AND TAKE THE PROGRAMMED SEQUENCE BEFORE .

TAKING TEST FRAME 19 AGAIN.

zﬂ%$5yen though the Zener is a good device it will only do so much. It
will operate over a range of current values. |If the power supply is
"overloaded'' (something is drawing too much current and !5 about to

burn .up}, the impedance of the Zener will approach infinity and since it
will no longer draw current it can not regulate the voltage. This is why

a fuse is used {n the input stage, The fuse is rated at a certain current

and if more current is drawn than the fuse is designed for, it will blow.
The fuse protects the power supply and the load. The fuse will usually
be of a lower current rating than the rated current handling capabilities
of the power supply and- the load-. (True/False)

True.

21. Something to remember is that any time a circuit is added in our sys-
tem or a 'Yload'" is placed on the power supply, the impedance is reflected
back into the previous stages and them into the source. -

= alilr—
sounce [ ] weur | secomoary [ | mecrirer || enrer || pecuraior .
STAGE STAGE STAGE STAGE STAGE

Thus, any changes will be felt by each of the stages and by the source,

and must be compensated for. A change ip load impedance would change
the amount of current drawn from the source. (True/False)

m m m wm m owm wm owm owm M owm o wm e m owm o wm M om owm owm wm oW om W m owm wm s wm W oW o wm W™ o W owm
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22. TEST FRAME
Match the answers in Column B with the proper statement in Column A.
Column A : Column B

Zener"Diode

1. The addition of circuits which causes a.
total impedance to change. b. Interstage loading
) c. Filter
2. Compensates for changes in variable ¢. Loading
€.

load. Loading Effect
3. Loéding within the Power Supply System.
4. Change in voltage due to change in current.

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)}

153 LG
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1.d: 2.a: 3.b; b.e

1€ YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED THE PRO-
GRAMMED INSTRUCTION FOR LESSON VII! MODULE TWENTY. OTHERWISE GO BACK
TO FRAME 20 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME

22 AGAIN. .

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEZD TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. (F YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL-, OR MOST, OF THF LESSON, SELECT AND USE

~ ANOTHER WRITTEN MEGIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

161
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MARRAT IVE
LESSON VII

Power Supply System Concept

4

A student just beginning studies of DC theory in a Navy technical school
has a small problem. The battery of his transistor radio went dead and
he didn't have a spare. So he thought he'd apply some of the knowladge
he had gained from his technical training. He reasoned that since the
battery used ip his transistor radio was only 12 volts and voltage deter-
mines the amount of current in the circuit; he would use a car battery

to pperate his radio. |In addition, he figured the car battery would

last a fot longer than the tiny 12 volt battery. He, therefore, made the
followipg conni2ctions.

| D

CAR
BATTERY

LY

The radio plaved fine! His buddies were impressed by his ingenuity. So,
favorably encouraged, he decided to further improve the performance of
his radio. He knew that the small size of his radio’s speaker was a
prime factor that made the sound quality inferior when ¢ompared to larger
radios. |f he hooked up larger speakers to the radio, he was sure the
soynd quality would improve. However, when he had tried it in the past,
his tiny radio did not put out enough power to drive the large speakers
above a whisper. Ah! but his time woyld be different. With a bigger
power source...volume shoyld be no problem. After all, the volume depends
on the amount of current and the car battery should certainly be capable
of stupplying more than enough current to drive the larger speakers. He
“hen made the following connections:

162
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‘ SPEAKER ' SPEAKER

ALl []®

.’,
O:Q’
Q‘Q
15§p
e

_— %0.9,%%%
90 209,05
BATTERY 00000 %!

LA/
XS
Y

N
S

)

Y

\

The transistor radio was turned on. It went off like a flashbulb! Puff
and smoke. When our friend opened the radio, he found the whole inside
was solid state. The circuit board, transistors, wires, and other com-
ponents had 2l melted into @ chunk of material that no ope would have
ever guessed was once a radio. . -

What went wrong? Our student was pot stupid. He did not have any pro-
blems working Ghm's law in school but when he tried to apply it, the
radio burned up. Why?

All circuits use current, voltage, and impedance. Most electronic cir-
cuits hold voltage constant. With voltage constant, .he only way to
change current is to vary impedance. If the voltage is 10 volts and the
impedance is | ohm, the current is equal to 10 amps (I = E/R). |If the
impedance is then increased to 100 ohms, the current demand falls to .1
amp. When the student added the two speakers in parallel, the total im-
pedance of the radio was decreased (adding impedance in parallel, lowers
the total impedance). The current demanded by the radio circuit increased.
The components in the radio were not designed for nandling the increased
current. When the normal 12 volt battery was used, it could not supply
this increased current demand. But using a car battery that is capable
of supplying up to 200 amps for short periods of time, the increased
current was supplied. All the circuit components responded by burning
up. ]

If the speakers had been added in series, the total circuit impedance

would have increased. Current demand would have decreased. MNothiag

would have happened to the radio. But with less current to the big
speakers, you would not have been able to hear them.
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. The moral of the story is: be sure to match the power supply to the cir-
cuit load. The <orrect matching of the pcwer supply to the load depends

. on both current demand {by the amoint of impedance) and the voltage de-
mand. Current capacity must be matched to current demand.

CURRENT X VOLTAGE = POWER

© That ts why they are called power supplies rather than current.or voltage
supplies. .

The disastz:r could have been prevented if a fuse had been used. The fuse
should have been connected in serles with the battery so all of the current
would flow through 1t. Naturally the current rating or the capacity of

the fuse to pass current would have to be lower than the current rating

of the radio clreuit. Then, if the load demanded more current than was
considered safe, the fuse would melt and the radio wouid be unharmed.

It is far more economical to replace a couple of pennies worth of fuse

than the whole radio. Radios make Tousy fuses.

If a 15 amp fuse in @ house fails and you replace the 15 amp fuse with a
30 amp fuse...will the appliance connected to the wall outlet burn-up?

5

O

-Oro|o-B : .
C) () ¥ &P pomm m—mm e mm \

LOAD

FUSE BOX

Not necessarily. The 'only time you wil] have problems is when the cur-
rent demand exceeds the current capacity of the appliance. .
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neferring to the previous juestion, if a short circuit in the appiiance
onnected to the wall outlet caused the !5 amp fuse to fail, what would
reppen if the appliance were tuired on with the 30 amp fuse in the cir-
cuit?

a. Nothing, the resistance of the short .5 so low, no current will
flow. .
The house wiring, without adequate overload protectior, could
heat up and cause a fire because current demand exceeds current
capacity of the wiring.
“he wail outlet could burn up.
Appliances at the other outlets would be destroyed because of
the excessive current flow in the wiring.
b or ¢ are possibie, the others are not.

. 15 the correct answer. Answer d IS urong because current 'n parallel
Jepends on the resistance of eacn branch. Since house outlegs are con-
nected in paralle!, each branch's current flow is independent of the next.

ne 115 VYAC supplied to a house is comParable to the car battery. It is

3 constant sCcitage that is capacle of supplying a range of current values
«pencing on the appliances connectea 1o fre wall outlets. Since house-
aold wiring is in caraiiel, it is fusea a1 & point where the toral! current
Wi oeach branch is conbined.

30 AMPS

-“{> r\\J
POWER ( /;
COMPANY POWER METER l::y
NN
* i

»— —

" OUTLETS
PARALLEL CONNECTION

woriierces {Lased un Lierr fupeconte! nave different demards ‘or current.

Im the above <ircuit, when tote! current vs to exceed 30 amps, the
fuse will melt. %o each parallel brarc. c;.rrnt, ~hen added, must not
siceed 30 amps or e fuse opens. If .ne branch requires 15 amps (say
an @ir conditiorer), tihe other wranches have cnly 135 amps left to use.
‘he point is, ihe joac current demand at & particular voltage must be
~gual to or less than *“he current capacitv pf the fuse.
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It is now time for us tn look at the systems operation of a typical elec-
tronic power supply. An electronic power supply is provided voltage from
a 115 VAC voltage source. The electronic power supply is a ioad (current
demand) for the 115 VAC.

OPERATING CHARACTER!STICS OF ELECTRONIC POWER SUPPLIES:

Vhen just the input stage is added to the 115 VAL, current will fiow. The
input stage of the electronic power suppiy is a complete circuit and has

a certain amount of impedance that will allow a certain amount of current.
Let's see what happens when Just the input stage is connected to the 115
VAC source.

o— > N\

Ft

SECONDARY
CPEN CIRCUIT

—)—e—o

sw1 T

The fuse and the switch, when closed, do not have very much resistance.

. The first parallel branch has a resistor {R-1) and the indicator lamp
(DS-1). The impedance of this branch is very high for two reasons:

1. The lamp requires less than 115 VAC to ligl.t. R-i, the series
resistor, then drops the difference between 115 VAC and the
smaller voltage reguired by the lamp. For instance, if the
lamp needs only 10 volts, the resistor must drop 105 volts.

The tamp doesn't need very much current. R-1 again comes to
the rescue by limiting the amount of current allowed in this
parallel branch. '

Now the second parallel branch in the input stage is simply the primary
of the transformer. We know that a coil offers large impedance to AC,
50 we would expect that the primary will allow little current. This is
the case only if the secondary has no current flow. The primary will
reflect the impedance of the secondary because of mutuail inductance be-
tween primary and secondary. The impedance of the primary then mirrors
the secondary impedance. As a result, total impedance of the input
state is very high ven the secondary is open. Total current demand is
very low.
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Now when we hook-up an oscilloscope across the secondary, we see a voltage,
If the secondary is an open circuit, how is this possible? The impedance
of the oscilloscope is high but with the oscilloscope connected across

the secondary, it does make a complete path for current flow. 7This im-
pedance is reflected back to the primary and lowers the total impedance

of the input stage. Lower impedance, more current demana.® from the 116
VAC. In short, the oscilioscope completes the secondary circuit which
then changes the overall impedance in the input stage.

If the secondary is shorted...you guessec it...zero resistance is re-
flected back to the primary. The primary demands maximum current. Before
the current can rise high enough to harm the circuit components, the fuse
will fail.

Current flow in the input stage depends on the impedance of:

the secondary circuit.

the input stage components.
the source.

all of the above.

d. all of the above.

Wetve seen three exampies of how the insut stage's impedance and current
flow will change with changes in the sacondary impedance. Thkea input stage
acts like a source to the secondary. The input stage then supplies the
cur 'ent and voltag: required by the sccondarv., Jhe secondary, in turn,

acts like a loas to the input circuit. When one stage loads another stage

within the same system, we call it interstage loading. When one system is
connectéd to another system, the second system is a loaa to the first
system to produce the 115 YAC source for our electronic power supply. Our
power st oply acte. as a load to the power company's system,

Hovwt when we add the reciifier to the open secondary, current fiowe in the
secondary. More current is regquired in the input stage. The re [ifier
stage output will lock like oumps. We could look at the rectifier stage
as a load to the inpi:i and szcondary siages, or all three stages combined
as the total load to the 115 VAL sourre.

VaaaaaBy Vv Al

—Sr] 1 SECONDARY RECTIFIER
115 VAC
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{ .
.’ When the filter' 'stage is added to the system, the most visible change due
' to interstage loading occurs. The output of the rectifier goes from pul-
sating DC to DC with ripple. Because of the filter capacitor's action the
rectifier output no longer appears to be pulsating DC. This happens be-
cause as soon as the filter is added, there is an instantaneous change in
the total impedance within the entire system. [mpedance is not only

changed at the point where the filter is added, but also throughout the
entire system.

—
——

SECONDARY RECTIFIER FILTER
_ |

Now when the last stage is added, what loading effects will it have on the
system? The regulator adjusts for changes in current demand from the load
or changes in the 115 VAC source power. With the addition of the regula-
tor stage the power supply must now provide the current required by the
Zener diode as well as the current required by the load. Once again the
total impedance of the system is chariged.

Another interstage loading effect ctaeused by the regulator is [t makes the
filter work harder. The level of ripple increases as we draw more current
out of the fiiter.

. 1. When one stage has an effect on the operation of another stage, we
call it effects. When one syst 'm has effects on another
system, we call it effects. -

2. The output of which stage is changed the most as we add stages to the
power supply?

Interstage ioading; systems loading, or simply Joading
rectifier stage
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We've shown how interstage loading effecis the function of eachk stage.
Now let's l1cok at the effects of loading. First we'll take a simple
power supply and connect a constant or fixed lcad.

In the schematic, we see the voltage developed across filter capacitor

£1 is the same voltage that is across the load RL. The resistance of

RL is 25 ohms, so with 50 volts across it -~ 2 amps will flow. As long

as the impedance and voltage stay the same, R, will pass 2 amps.

L

if, a variable load is connected to our simple power supply, things
change:

sSw1

(SIS
I ? C1
1

F T -
When RL changes, total impedance felt by the 115 VAC source changes. |If
we increase RL’ total impedance ii.creases and total current drops. With

less currant there will be less voltage loss in the input and transformer.
Voltage across RL incresses. This voltage increase is a loading effect.

Anytime a change in the amount of current demanded causes a change in the
output voltage of a power supply we say a loading effect is causing the
voltage change. .

What can we add to our simple power supply that will combat loading
effects?

A voltage regulator.
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With the addition of a voltage regulator, as current tends to increase
through RL’ the Zener branch current decreases. The zener's internal im-

pedance changes in the opposite direction with the changes in impedance
of RL' 83 RL impedance is increased, the zener's internal impedance is

decreased.

There is a trade of f of current in these parallel branches so the net re-
sult is that total current remains unchang. i and voltage stays constant.

If RL's resistance is decreased, more current is demanded by the load.

CRZ senses the change, and increases its internal Impedance to exactly
cffset the decrease caused by RL. Less current is demanded by the zener.

The zener has effectively transferred some of its current to the load.
Why is it necessary to keep voltage constant? Most loads in electronics
consist of several se-ies-parallel branches. Each branch has a different
current demand because each branch has a difference impedance. Qnpe or
more may be a variable impedance. |f voltage is held constant by the
voltage regulator all branches can use whatever current they need and

not el fect the other branches.

If one of the loads shorts out (zero resistance), will the voltage out-
put stay the same?
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. {F YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. .
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,

THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPR!ATE PAGES,

PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS oF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. |F YOU FEEL THAT YOU HAVE

FAILEQ TO UNDERSTAND ALL, OR MOST, oF THE LESSON, SELECT AND USE

ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF

APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU .
CAN ANSWZIR ALL SELF-TEST ITEMS oN THE PROGRESS CHECK CORRECTLY.
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Overview Twenty-T

OVERVIEW
BASIC ELECTRICITY AND ELECTRONICS
MODULE TWENTY-T

Electron Tube Power Supplies

In this module You will learn about the similarity between power
supplies using electron tubes and power supplies that use solid state
components. You will study the tube counterpart of a solid state
diode, and find that the conversion sections of bhoth kinds of power
supplies do the same things with vefy few differences in components.

This moduie contains the following:

Lesson I Electron Tube Power Supplies
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g . OVERV | EW
LESSON !

Electron Tube.Power Supplies

In this lesson you will study and learn about the principles of operatiﬁn
of vacuum tube diodes,- the principles of operation of gas filled diode
tubes and tube type power supplies. As you proceed through this lesson,
observe and follow directions carefully.

’ !
The learning objectives of this lesson are as follows:

"7 TERMINAL DBJECTIVE(S):
Supporied by this lesson topic:

20T. 1. &) When the student completes this course, he wili be able to
DESCRIBE the functional and voltage similarities of differ-
ences between tube and sclid state power supplies by select-
ing the correct statement({s) concerning these similarities
and/or differences from a given list of statements. 100%
accuracy is required.

ENABLING OBJECTAVETS):

When the student completes this lesson, he will be able to:
t
20T. k. 41.1 DIFFERENTIATE between tube and solid state power supply input
circuits by choosing the correct statement (s) concerning simi-
larities/differences, given a set of statements. 1003 accuracy
is required.

207.1.41.2 STATE the general similarities and/or differences in tube type
and solid state power supply transformer secondaries by select-
ing the best statement of s.milarities andyor differences,
given a clhoice of four statements. 100% accuracy is required.

207.1.41.3 CDMPARE the functional circuit differences and/or similar-

r ities in the tube type and solid state rectifier circuits

S by selecting the most correct statement, given a set of four
choices. 1D0¥ accuracy is reguired.

20T.5.43. 4 COMPARE the schematic symbols and direction of current flow
of a tube type diode to a solid state diode by selecting the
correct illustration from a given set of illustrations showing
directions of current flow through tube typt and solid state
diodes. 100% accuracy is requirea.

Lo

ws 1735
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ZUT. lculos

20T.1.43.6

+

Twenty-i-i

CVERVIEW

COMPARE and CONTRAST the function/size/configuration of solid
state and tube type power supply filter networks by selecting
the correct statement({s) concerning the above differences/
similarities from a set of given statements. 100% accuracy.-is-
required. ; .- ST T

COMPARE and CONTRAST the functicns and/or circuit configura-
tions of tube type and Zener diode regulators by selecting

the correct statementis) concerning the above differences/
similarities from a set of given statements. 100% accuracy is
required.

}

BEFORE YOU START THIS LESSON, READ THE LESSON LEARMING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

169

176




Study Resources Twenty-T-|

LIST OF STUDY RESOURCES e
LESSON 1

ELECTRON TUBE POWER SUPPLIES

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the follow-
ing, study resources:
Written Lesson presentation in:
Module Booklet:
Summary
Programmed Instruction
Narrative
Student's Guide:
Progress Check

Additional Material{s):

Audio/Visual Program Twenty-T-1 ''Vacuum Tube Power Supplies'

Ay

YOU MAY t" " ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING\f
SUPERV ISOK; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY
TIME.
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SUMMARY
_LESSON |

Electron Tube Power Supplies

Transistors are rapidly replacing tubes. The big reason transistors are

taking over is that transiscorized circuits reduce the size and the vol-

tage requirements of ~quipments. We will be discussing vacuum tubes be-

cause they still take a very active part within the Navy's electronic in-
‘ventory. '

CONVERSION STAGES

4~

Input | Transtarmer, Regulator
Stage Secondary

The block diagram shown above should be familiar. It is a block diagram of
a8 basic power supply and could be either solid state or tube. The schematics
are also very similar except, naturally, there will be tube symbois jnstead
of transistor symbols. HNOTE: Solid state means transistors are used.

The input circuits will be schematically jdentical and perform the samc
function. The components in a vacuum tube power supply will generally be
physicaliy larger because of higher power requirements.

‘The transformer secondaries in a vacuum tube power supply are usually multi=
winding: step-up and steP-down. The step-up winding supplies the high
voltage required by the equipments while the step-down winding supplies the
low voltage required by the filament or heater.
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Vacuum tube rectifier circuits also use diodes. Vacuum tube diodes have
two elements: a plate and a cathode.

PLATE
(ANODE]

CATHODE~

The plate i. the positive element and the cathode is the negative element.
Vacuum tube diodes function the same as solid state diodes. They allow
current to flow in only one dircction: from cathode to plate. 1In order
to have current flow in the vacuum tube diode the cathode must be heated
to '"boil off'" free electrons. Heating is accomplished in one of two ways:
directly or indirectly.

in a directly heated cathode, the heating
current flows directly through the cathode.
in this case, the cathode is caltled a fila-
ment.

DIRECTLY HEATED CATHODE

In an indirectly heated cathode, the heat-
ing current flows through a heater placed
in close proximity to the cathode.

INDIRECTLY HEATED CATHODE

NOTE: Schematically the filament or heater circuits are rarely shown.
When they are, you'll see the fiiament or heater wires chopped off with
two symbols {such as X's) at the end. The X's means that somewhere on
the schematic you will find two other X's that show where {usually by
the trausformer step-down secondary) the heater voltage originates.

-
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Vacuum tube power s. ly rectifier circuits (the half-wave, the full-wave
and the bridge) have output waveshapes which will be exactly identical to
solid state rectifier circuit output waveforms; only the amplitude will

be much higher. Df the three rectifiers, the full-wave rectifier is the
most commonly used rectifier for vacuum tube circuits. The ful l-wave rec-
tifier may consist of two vacuum tube diodes or one duo-diode which con-
tains two plates and a3 common cathode enclosed within a single tube enve-~
lope.

Puo-diode Schematlic

The bridge rectifier, although common in solid state power supplies, is
seldom used in vacuum tube power supplies because of its large size and
high cost.

Fitters used in vacuum tube power supplies are oY the same type as used
in transistor power suppl!:s: choke input, capacitor input, and pi. Here
again, the actual components in \he filter circuits will be larger in size

and higher in current rating because of the higher voltages they are re-
quired to handle.

The final stage of the power supply is the regulator. The solid state
power supply used @ Zerer diode. The tube equivalent of a zener is the
VR tube (Voltage Regulator).

Hote: Dot indicates gas fiiled

VR Tube Schematic

The VR tube, like the Zener, is connected in parallel with the load.
function of both is identical: to regulate the output.

/

f

t
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER OHLY A FEW OF THE PROGRESS CHECK OUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YCU FEEL THAT YOU HAVE
FAILED TO UNPERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF IHSTRUCTION, AUDIO/YISUAL MATERIALS (I1F
APPLICABLE}, OR CORSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELf-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUC:ION
LESSON |

Electron Tube Power Suppiies

TEST FRAMES ARE 7 AN 2. GO FIRST TO TEST FRAME 7 AND SEE IF YOU CAN
ALSWER THE QUESTION. FOLLOY THE DIRECTIONS AT THE END OF THE YEST FRAME.
}. Vacuum tubes work fine and usually last a long time but not quite

as good or as long as the tramsistor. VYacuum tube €quipment js still
used and is & definite part of the Maval electronics inventory. ,This a
means that you, as a ‘technician, will have to know bow to troubl:;-”' +
and repair vacuum tube equipment.

Probably the easiest way to explain how vacuusm tube cnrcu:d A X

to relate them to transistor Circuits. Th» bigeest difference bn ween'

the two is that vacuum tube equipment will be much larger and wtl!’require

a much higher voltage to operate. A power supply is a power - upply, tran-
sistor or tube, and will accomplish the same function--supply power to the
equipment. Vacuum tube and solid state power supplies have the same stages
and function basically the same. NOTE: In elactronics the term solid state
is usei to describe circuits and components that use transistors instead of
vacuum tubes.

What are the basic differences between tuybe and solid state equipment?

Function and power oOutputs.
Size and voltage requirements.
Avaitability and size.

Usage and voltage requirements.

b. Size and voltage requirements.
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CONVERSION STAGES

Input fransformer Regulator Output
-Stage 1" | Secondary |_..":lc:ge )

The block diagram shown above should be very familiar. It is a block
diagram of a basic power supply. This time it's for a vacuum tube
power supply. As you can see, there is no difference between vatuum
tube and solid state power supplies as far as the block ~iagram is
concerned.

Now let's get into the schemacic for the input stage of a vacuum tube
power supply.

\ ‘P PLI }‘\F@E

The s;ﬁematic diagren 3gain shows no difference between a vacuum tube
and a solid state powes supply. |t contains a plug, a switch (on-off),
a fuse, an indicator light, and a transformer primary. In the actual
equipment, the differences lie in the size of the components because of
the higner power requirements. The fuse in the vacuum tube power supply
may have a higher current rating. Functionaily, both types of power
supply input stages are the same.

What is the difference between a vacuum tube power supply input section
and solid state power supply input section?

Tubes are used instead of transisters.

The input voltage is higher.

The components are larger because of the higher power requirements.
Provides greater overloid protection.

c. The components are larger because of the high power requtrements.

71 54
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3. Transformer secondaries in vacuum tube power supplies are usually
multi-winding step-up and step-down. The step-down windings are uvsed
to supply the 1w voltage required by the filamer.s of vacuum tubes
while the step-up windina supplies tihe high voltage required by the
equipment.

) Which of the transformers below will normally be used with a vacuum
RN tube power supply.
L J

.i:f. B._ —

A,

»
= I

. The functions of the input circuits and transformer secondarie:s are
the same in both vacuum tube and solid state power supplties. In the
rectifier section of a vacuum tube power supply a vacuum tube diode i5
used instead 0~ a solid state diode but both types of rectifiers are
still functionally the same. They change AL to pulsating DC.

As vou know, the schematic symbol at the left
is a solid state diode., It consists of two
K parts: the ca.hode (schematically shown as
a short vertical line) and the anode isciema-
tically <hown as solid trianguiar {igure).

N

. _’i
ot —

N
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. The vacuum tube dicde also has two elements: a
cathode and a plate. The cathode is schematical-
ly shown as a backward 7 and the piate is sche=-
matically shown as an inverted T. The two ele-
ments are enclosed in 3 glass enveiope which is
shown as a circle surrounding the two elements.
The whole assembly is called a vacuum tube be-
cause ali the air is drawn out of the glass en-
velope at the time of the tube's manufacture
leaving a vacuum in its place.

What are the proper names for the elements of a vacuum ‘ube diode?

a.

-l m am W m m m m M om m m om m o m Em om M om om ™ om o om o om m m A m m o m m =

a. plate; b. cathode {in that order)

S. In vacuum tube diodes, as in $0lid state diodes, current will flow in
only one direction. In the solid state diode current flows against the
arrow: from cathode to anode. In the vacuum tube diode current flows
from cathode to plate. This means that the tube will operate only when

the plate is positive with respect to the cathode.

Which of the following illustrations is most correct?

CURRENT I 7 R CURRENT CURRENT
FLOW ) OW Y

- e ae a w EA o o o o m m " o o W M 4 M M o o e o w m m om om om

i7e 186
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6. 1!n addition to having the plate positive in relation to the cathods, one
more condition must be met before current will flow through the vacuum tube
diode: the availability of tree electrons for conduction. By heating the
cathode, free electrons are 'boiled of f'' the cathode material. These elec-
trons are then ''sucked up' by the plate whenever its potential is more po-
sitive than the cathode's. C(athodes are heated in one of two ways: direct-
ly and indirectly.

A directly heated cathode is so named because
the heating current flows directly through
the cathode. It is schematically displayed
as a triangular figure connected to the
\%‘ cathode or just as a triangular figure. In
' this case the cathode is called a "filament.'"
DIRECTLY HEATED CATHODE
An indirectly heated cathode is one in which
the heating current does not flow through
the cathode but rather through a "heater"
which is placed in close proximity to the
cathode. It is schematically displayed as
a triangular figure separate from and direct-
INDIRECTLY HEATED CATHODE 1y under the cathode. The heater i{s not con-
sidered an element of the tube.

Which of tiic following statements is most correct?

a. An indirectly heated cathode is called a filaent.

b. A directly heated cathode has a filament that is connected directly
to the plate. .

c. Heater current flows through an indirectly heated-cathode.

d. Indirectly heated catiodes have 2 heater that is not connected to
the cathode.

- e m om W A m om A o w W om o o W W om o o W o o W o ok o s mr mk ™ mr o m m om om

d. Indirectly heated cathodes have a heater that i5 not coanected to the
cathode.

g0 157

I
'[
|
I




P, Twenty=T-1

7. TEST FRAME

Which of the following illustrations is most correct?

- . +
a. b 2 s
CURRENT CURRENT
FLOW ( FLOW
+ . -

DIRECTLY HEATED INDIRECTLY HEATED
Lol
+ +
c. a
CURRENT CURRENT
| FLOW FLOW
!
DIRECTLY HEATED INDIRECTLY HEATED

- e m om s M W m Em m m om w m m om M ™ o m m m m m omr m o o m m e o o ow om oa

THIS IS A TEST .FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
GIVEN AT THE TOP OF THE NEXT PAGE.

lstlé;é;




b.

i5 YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU HAY GO OR TO TEST FRAME
12. OTHERWISE GO BACK TO FRAME 1 A!llD TAXE THE PROGRAMMED ¢ CQUENCE BE-

FORE TAKING TEST FRAME 7 AGAIN.

8. T

Vi FILAMENT

RLS  OUTPUT NN

—0

The schematic shown above is a simple half-wave rectifier. As you can
see, the only real differences between a vacuum tube diode nalf-wave
rectifier and solid state diode hzlf-wave rectifier is the transformer
step~-down secondary winding that supplies the filament or heater vo!tage
(usually 6.3v), the filament or heater ¢ircuit, and the tube itself. The
voltage level will also be different but the basic circuit and the output

" wave shapes are the same.

NOTE: As in the vacuum tube rectifier circuit below, the whole filament
or heater circuit is often not shown in actual schematics. Instead, X's
(or Y's or Z's) are placed at the triangular figure that denotes a fila~
ment or heater and again from wher. the filament or heater voltage is
coming {ugually the transformer secondary).

.
x
ca1
2 vy T
AC L ? LS
SUPPLY
= 9 = L
CR2

Does the above solid state rectifier look familiar? 1t should! Both
circuits are rectifiers and will have the same type of output waveform,
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9. The previius schematic was a full-wave rectifier. In vacuum tube power
supplies, full~wave rectifiers are the most common type of rectiTier used.

T1 ¢
i

Vi %RL

The c¢ircuit shown above is also a full-wave rectifier. 7The vacuum tube is
a directly heated duo-diode fwhich means that the two diodes with one
common directly heated cathode are enclosed in the same envelope) and it
works Just Iike any other full-wave rectifier. It puls out pulsating DC!

The bridge rectifier, although common in solid state power supplies, is
rareiy found in tube-type eQuipment because it takes up too much space
and is very expensive. .

The following srhematic is 3 bridge rectifier vsing tubes.

=

Y ¢

_g&H S

R
fLOaD}

AARAARAAAADAAA
VYV YYYY
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. E:*f

This configuration of cubes and {ilament transformers does exactly the
same thing a transistorized bridge rectifier does. Because of the .
component size, most modern power supplies use solid-state devices
rather than tubes for bridge rectifiers. L e -

- -

- ’,
Which of the following. statements is most correct?

‘ a. Bridge vacuum tube rectifiers are not used because the voltages

. . requirements are too high. . . .
b., The dqg-diode produces the same waveform as a regular half~wave .
. rectifier, N

laments.

¢. The duo-diode doesn't use heaters or fi )
in tube €quipment,

d. The bridge rectifier is rarely found

.

- e w a o W e R W oap W™ oam ow a - o m

“he bridge rectifier is rarely found in tube equipment\,

*

10. After the voltage has been rectified, it has to be filt;:gﬁs Yacpum
tube power supplies use the same type filters as solid state power sup-
p}ies:i ’ ’

the choke input filter, o~ I

| I\'-.

the capacitor input filter, %é

and the pi filter.._l_/‘v’VV\T

- - -

The components may be somewhat larger than those found in transistorized
equipment but they function in exactly the same way. .

hY

Y

ERIC
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Why would the filter cowponents be larger in a vacuum

tube power supply
as compared to a transistor Power supply?

To change the RC time constant.

Because of higher current an¢ voltage levels.
For stabilization.

To prolong the life of the tube.

Because of higher current and voltage levels.

1t. The final stage of a powsr supply is th: regulator. The seciid

devlce was a Zener diode. The tube equivalent of a Zener diod: is the
VR tube. (VR stands for Voltage Regulator).
o X

Schematically the VR tube Is somewhat different from the diode vacuum tube.

The element catled the plate in a vacuum tube
diode is referred to as the anode in the VR
tube. The cathode !s displayed as a small
circie and the black dot inside the enveiope
‘{circie) indicatss that the tube is gas fillied.

NOTE: Ga?
\t

filled regulator will "fire! (the gas ionizes) when a large
age is applled across the tube. Once the tube fires, the vol-

tage drop ‘across it will remain constant 3s long as the tube currert is
within the design range.

enouvgh vo
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The VR tube, 1ike the Zener diode, is connected in parallel with the load.

R
s R
—y o—A/N,
v Ry Ry
115\' 90\‘ 20\' 1°v §1°v
O . O

If the voltage increased to 150v, the VR tube would continue to drop 90v
and maintain a constant voltage across the load regardliess of the current
increase. Tke remaining 60v would be absorbed by Rs. The only real dif-
ference between VR's and Zeners is the higher voltages that the VYR's regu-
late. They both d¢ the same thing: regulate voltage.

What is the main difference, if any, between Zener diode regulators and
VR tybe regulators? \

a. Zeners are always connected in parallel with the load and VR tubes
are always connected in series with the load.

b. There is no real functional difference.

¢. VR tubes have a longer life than Zener diodes.

d. VR tubes are only used In low voltage applications.

(o o e e

b. There is no real functional difference. ™

L]
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12. TEST FRAME

Which of the below circuits is a regulated, indirectly heated duo~diode
vacuum tube power supply with a choke input filter?

a. — b.

| (e y

Lo
—
ll
Lo

5t

T w4 m & m om m m m m m m m m om om om o om om om oW o owm e wm o ™ owm e e owm wm  wm

THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER AT THE
TOP OF THE MEXT PAGE.

i¥
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C.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YQU
ANSWER ALL SELF-TEST ITEMS CORRECTLY PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY AMSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER yYou TO THE APPROPRIATE PAGES,
PARASRAPHS, OR FRAMES SO THAT YOU CANM RESTUDY THE PARTS OF THIS
LESSOM YOU ARE HAVING DIFFICULTY WVITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UHDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS On THE PROGRESS CHECK CORRECTLY.
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NARRAT IVE
LESSON |

Electron Tube Power Supplies

Electron {vacuum) tubes are not as efficient as transistors in most ¢
applications, but there are some jobs that vacuum tubes can do better
than transistors. Ffor this reason they are still used in many circuits,
and you as a technician will have to troubleshoot circuits using them.

The primary difference between a circuit using -electron tubes and one
using solid state devices (transistors and similar devices other than
tubes) is the size and voltage rating of their components. Electron
tube ‘supplies usually provide higher voltages; consequently, they are
constructed with largar components. Both units still do the same thing;
that is, they provide required voltages at the current levels needed

to enable an electronic system to operate.

Since you have just finished learning about solid state power supplies,
this lesson will explain electron tube supplies by comparing them to

the solid state units. Remember the input section of.the solid state
power supply? The input section of an electron tube power supply is
identical In schematic and in function. 1t couples the AL line voltage
from the outlet to the conversion stage; it provides overload protection;
it indicates when power is on; and it gives a means for turning the
equipment on or off. The only difference you are likely to see between
the electron tube -power supply circuit and the solid state power supply
Input circuits is that the tube circuits may have larger components so
they can deliver higher current to the conversion settion.
The transformer secondaries {coaversion sections) of a vacuum tube
supply almost always have multiple windings. One reasor for this‘is
that the power supply output is usually a high voltage {requires a step-
up winding) and almost all tubes must also have a relatively low voltage
{requires a step-down winding) to operate. In fact, the vower supply
frequently must provide two or more different Jow AC voltages to the
equipment. The most efficient way to do this is o place a separate
secondary winding on the transformer for each different voltage
requirement. '

Tube-type power supplies use diodes to rectify AC voltages just as do
solid state power supplies, but the diodes are very different. Actually,
this is .the thihg that really decides whether the power supply is solid
state or tube. A solid state power supply has a solld state rectifier;
an electron tube power supply has a tube rectifier.
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The tube diode, like the solid state diode has two elements: a cathods
and a plate. As in the solid state diode, electrons flow through the

tube in one direction only: from cathode to plate. Figure | shows the
schematlc diagrams, direction of current flow, and names of the elements
for both kinds of diodes.
i PLATE

. (ANDDE)
CATHODE ANODE

S

FORWARD BIAS

I )
CURRENT FLOW " CURRENT
—— CATHODE FLDW

Figure |

The ¢ircle aiound the elements of the electron tube indicates the metatl
or glass envelope that seals air out of the tube. (This is the reason
electron tubes are sometimes called vacuum tubes, the elements must
operate in a vacuum.) Besides the vacuum, another difference between
solid state and tube diodes is that the tubes have filaments. The
filaments are not always shown on schematic diagrams (Figure 1 doesn't
show them), but Figure 2 shows electron tubes complete with two differ-
ent kinds of filaments. The directly heated cathode tube is designed
s0 that the filament itself acts as the cathode.

ANDIRECTLY HEATED CATHDDE DIRECTLY HEATED CATHDDE

1
Figure 2 /

The function of the filament is to heat the cathode so that electrons
will ""boil off* its surface. When the cathode is hot, electrons will
form a cloud around the cathode. A positive potential on the piate
will attract eiectrons from that ¢cloud to the plate and current will
flow through the tube circuit. On the other hand, a negative potentia:
on the plate will repel electrons and no current will flow.
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Now let's look at a schematic for a simple half-wave rectifier using a
diode tuke rectifier. As you can see, the wmost noticable difference

T1

-
-

é : FILAMENT
V1

RLS OUTPUT /"

-0

Figure 3
. ) —
from the similar solid state circuit is the circuitry required for the
tt2's filament. The additicnal transformer winding supplies the heater
voitage {usually between 2.5 and 12.6 VAC) for the filament.

Figure 4
Figure & shows two circuits that should be femiliar to you. Thev are
both full wave rectifiers and they will provide identical output wave-
shapes. In schematic diaqrams of circuits using tubes it is common
practice to indicate filament cgnnectiors by writing letters W, X, Y,
etc.) by the filament leads and transformer leads that connect together

(see Figure 5)
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The most common electron tube rectifier circuit is probably the full-
wave rectifier. Because it is 50 common @ circuit, sPecial duo-diode
tubes are manufactured. Here is a schematic for a fuallwave rectifier
using a directly heated duo-diode; a tube with two plates and a common
cathode all within the same envelope. It works just like all the other
fullwave rectifiers you have seen.

Y
£

T1 ¢

-

-l

Vi %R;_

|

Figure 6

Although the bridge rectifier circuit i§ very commonly used with solid
state rectifiers, it is not often found with electron tube rectifiers.
Figure 7 may indicate why these circuits are not very common -- they

involve a8 mess of wires and components and fllament supply transformer
wiRdings. ~ %,

. . ’ Figure 7

After the AC input voltage has been rectified it must be filtered just

as solid state rectifier outputs must be filtered. It shouldn‘t be a
great surprise to find that tube power supplies use exactly the same kinds
of filters -~ choke Tnput, capacitor input, or pi -- that solid state
supplies use. The components are often larger in tube upits than in solid
state because of the higher voltage usualy involved.
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in the solid state power supplies a Zener diode acted as a voltage regula-
tor at the power supply output. In electron tube power supplies a vol-
tage regulator (VR) tube does the same job. The VR tube is a gas-filled
diode that maintains a constant voltage drop within its current operatinrg
range. The amount of .voltage drop involved depends on factors that.are
set when the tube is built. VR's are commonly built for 75 VDC, 90 vDC,
150 VDC, etc. Figure 8 is the schematic diagram for a ¥R tube. The
anode (plate) of this tube is just like the plate in any electron tube
schematic, and the circle represents the cathode. The black dot just
sitting inside the envelope without any connecting leads indicates that
the tube is filled with gas. When a VR tube is operating you can see a
glow (usually blue or orange depending on the kind of gas used) from the
ionized gas. Once the tube 'fires' the voltage drop across it will.te-
main constant. .

Figure 8

The VR tube is connected in parallel with the load just like the Zqur
diode connects.

Rs RS
AN ——AAN
25v 10v

. R
L/ L
5y 74 10v g
o . *‘ - > 10V

O

ZENER
~ N
Figure 9

in fact the VR tube works)exactly like the Zener diode except for the

voltage values involved. in the circuit shown in Figure 9, if the sup-
ply voltage increased to 150 V the VR tibe would still drop 90 V and )
the circuit current woul¢ increase enough to cause a 60 volt drop across
R5. So 16ng as the VR tube current remains within its design range its
voltagé drop will be constant. .
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AT TH1S POINT, YOU MAY TAKB THE LESSOH PROGRESS CHECK. IF YQU

ANSWER ALL SEL‘-TEST | TEMS CORRECTLY PROTEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
" THE CORRECT AMSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,

PARAGRAPHS, OR FRAMES SO THAT YOU CAM RESTUNY THL PARTS OF THIS

LESSON:YOU’ARL HAVING OIFFICULTY WiTH. IF vou FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST. OF THE LESSON, SCLECT AND USE

ANOTHER WRITTEN MEDIUM OF INSTRUCTIGN AUDIO/VISUAL MATERIALS (1F

APPLITABLE}, OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOQU

CAN ANSWER ALL SELF-TEST {TEMS ON THE PROGRESS CHECK CORRECTLY.




