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MILITARY CURRICULUM MATERTALS

The military-developed curriculum materials in this coutse
package were selected by the National Center for Research in
Vocaticnal Educacion Military Curriculum Project for dissem—
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating thesé courses was +o make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The ocourse materials were acguired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the mlitary
were geleted, copyrighted materials were either omitted or appro-
val for their use was obtained. These course packages cnntain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.




Military
Curriculum Materials

Disseminationls.... -
o ]

an activity to imncrease the accessibility. of
military-developed curriculum materials to
vocational and technical educators. °

This project, funded by the U.S. Dffice of
Education, 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 1J.5. Office of
Education and the Department of Defense,

The acquired materials are reviewed by staff
and subject matter specialists, and coursas
deemed applicable to. vocational and tech-
nical education are selected for dissemination.

The Nati 3t Center for Besearch in
Vocatio. 1 education is the .S, Office of
Education’s designated representative to
acquire the materials and conduct the project
activities. '

Project Staff:
Wesley E. Budka, Ph.D., Director

Nationa) Cen_ler Cleangghouse
Shirley A. Chase, Pha.:_:‘,q\

Project Director

What Materials
Are Available?

. Tl "
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One hundred twenty courses on microfiche

{thirteen in paper form) and descriptions of

each have been provided to the vocational
Curriculum Ccoordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlinés, instructpr
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 Management &
Occupations Supervision,
_ Communicstions  Meteorology &
Drafting Navigation
Electronics Photography
Engine Mec¢hanics . Public Service

The number of courses and the subject areas
represented will expand as additional mate-
nals with application to vocational and
technical education are identified and selected

for dissemination.
[y

How Can These
Materials Be Obtained?‘

a"\ iy ey [ b ] ~_'u-‘ e '2

Contact the Curricufum Coordination Cente-
in your region for information on obtaining
materials {e'g., availability and cost}. They
wi!l respend to your request directly or refer
you to an instructional materials adgency
closer to you.

1

CURRICULUM COORLINATION CENTERS -

EAST CENTRAL NORTHWEST

Rebecea S. Douglass. William Daniels

Director " Divector

100 North First Street  Building 17

Springficld, IL 62777 Airdustrial Park

217/7820759 Olympia, WA 98504
206/763-0879

‘MIDWEST SOUTHEAST,

Robert Patton James F: Shill, Ph.D.

Director Director °

1515 West Sixth Ave. Mississippi State University

Stillwater, OK 74704 Drawer DX

405/377-2000 Mississippi State, MS 39762
601/325-2510

NORTHEAST WESTERN

Joseph F. Kelly, Ph.D.  Lawrence F. H. Zane, Ph.D.
Director Director i

225 West Stale Street » 1776 University Ave.
Trenton. NJ 08625 Honolulu, Hi 96822
609/292-6562 808/948-7834
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The National Center
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The MNational Center for Research in
Vocational Education’s missior is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression, The National
Center fulfills its mission by:
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. Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and gutcomes -

i
1
i
*

Installing edL.canonal programs and
oroducts -

Operan‘nb information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
WRITE OR CALL
Program Infarmation Office
The National Center for Research in Vacational
Education
The Ohio State University _
1960 Kenny Road. Columtus, Ohio 43210
_Telephorie: 614/486-3655 or Tall Free 800/
848-4815 within the continerital U.S.
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OVERVIEW THIRTY
OVERVIEM

BASIC ELECTRICITY AND ELEETRONICS
MOGULE 30

Intermediate Pu.ver Supplies

In this module you-will_learn about different types of solid state
power supplies. ng witl Tearn how DC vo]taées are in¢creased by means
of voltage multipliers and how voltage and current regulators work.

You will also learn how-Silicon Controlled Rectifiers (SCR) are used to

reaulate power supplies and how to troubleshoot tnese devices.

This module has been divided into four lessons:
Llesson 1 Voltage Multipliers
Lesson 2 Transistor, Voltage and Current Regulators

Lesson 3 Silicon Controlled Rectifier Power Supply Circuits

Lesson 4  Silicon Controlled Rectifier Regu]afed Power Supplies
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Overview

OVERVIEW
LESSCN 1

Voltage Multipliers

In this lesson you will learn about voltage multipliers and their applica-
tion. You will Tearn how voltages are increzsed through the use of series
aiding circuits and how to troubleshoot these circuits. You will also learn
to identify schematics associated with different series aiding circuits and
the function of the various components which make up the circuit.

. e
The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

30.1.48 When the student complete this lesson, (sjhe will be able to
TROUBLESHOOT and IDENTIFY faulty components in so0iid state
voltage multipliers when given a training device, prefaulted
circuit board, necessary test equipment, schematic diagram and
instructions. 100% accuracy is required.

ENABL ING OBJECTIVE(S)

When the student completes this lesson {s)he will be able to:

30.1.48.1 IDENTIFY the purpose of voltage multipliers, by selecting
the correct statement from a choice of four. 100% accuracy
is required. )

30.1.48.2 IDENTIFY the schematic diagrams of half and full-wave voltage
doubler and tripler circuits by selecting the correct name or
d:agram from a choice of four. 100% accuracy is required.

30.1.48.3 10ENTIFY the functions of components and circuit operation of
half and full-wave voltage doubler and tripler circuits by
. selecting the correct statement from a choice of four. 100%
~ accuracy is required. .

30.1.48.4 "CALCULATE voltage values for a given voltage multiplier circuit
by selecting the correct value for a givegeoutput or component
from a choice of four. 100% accuracy is tequired.

30.1.48.5 MEASURE and COMPARE output voltages, waveforms and resistance
in voltage multiplier ¢ircuits given & training device, circuit
boards, test equipment and proper tools, schematic diagrams,
and 2 job program containing references for comparison. Recorded
data must bhe within limits stated in the job program.

—_——— ——a 4 o —
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OVERVIFW

" 30.1.48.6 IDENTIFY the faulty component or circuit malfunction 1n a given
voltage multiplier clircuit, given a schematic dAtagram and failure

symptoms, by selgcting the correct fault from a choice of four.,
100% accuracy is required.*

. (* This objective is considered met upon’ successful completion
of the terminal objective.) -

1

BEFORE YOU START THIS LESSON, READ THE LESSON LFARNING OBJECTIVES AND PREVIEM
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

AL
5




Study Resources Thirty - 1

LIST OF STUDY RESOURCES
-ESSON 1

Yoltage Multipliers

-

To learn the materials in this lesson, you have the option of chbosing,
- according to your experience and preferences, any or all of the following

study resources:

Written Lesson presentation in:
Module Booklet:

Summary '
Programmed Instruction

Narrative

Student's Guide:

summary
Progress Check -
Job Proaram Thirty-1 "VoltagGe Multipliers”

Troublesnooting Power Supplies I.S.
Fault Analysis (Paper Troubleshootina) I.S.

Performance Test I.5..™

Additional Material(s):
35 mr. sound/slide "Thirty-1 Voltage MUTtipIiéﬁgwah

Enrichment Material{s) -

NAVSHIPS 0967-000-~120, “"Electronic Circuits® Electronics lnstallation
and Maintenance Book (EIMB) Naval Ship Engineering Center, Washington,

G.C.: U.5. Government, Printing 0ffice 1965 g

—

" YOU MAY. USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
CENTER INSTRUCTOR: HOWEVER, AL'. MATERIALS LISTED ARL NOT NECESSARILY-
REQUIRED TD ACHIEVE LESSON OBJECTIVES. "THE PROGRESS CHECK MAY BE TAKEN AT

ANY TIME.

-l

!
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SUMMARY -
LESSON 1

Yoltage Multipliers

~

In previous lessons you learned how voltages are increased by the yse of a
transformer. You also learned that when voltages are increased there is a
corresponding decrease in the curpent output.

This lesson describes another method for increasing voltages. The method is
called voltage multiplication and the circuits which accomplish the multi~
plication are called voltage multipliers. Voltage multipliers are desig-
nated as doublers, triplers, or quadruplers depending on the ratio of the.
output voltage to the input voltage.

Voltage multipliers are used to develop high DC voltage where there is a

low current requirement. The most common use of voltage multipliers is to

provide DC voltage for the anode of a cathode~-ray tube {CRT). Output of

_ voltage multipliers range from one thousand to thirty thousaind volts. The
_actual voltage depends on the equipment application and size of the

CRT.

ATthough the 1nput for a voltage multiplier could be direct from the line,
or power source, this is not usually the case for military electronic
equipment. Most military equipments use transformer inputs since the
transfoymer isolates the equipment from the line arnd thereby reduces the
shock hazard.

Yoltage multipl:ers are made up of voltage rectifiers which you are
already familiar with. The rectifiers may be either full-wave or half-
wave, depending on thé circuit requirements. You recall that full-wave
rectifiers are used when better voltage regulation is needed and that
full-wave rectification results in a reduction in the output ripple ampli-
tude and an increase in the.ripple frequency.

The $sChematic shown in figure 1 is that of a half-wave voltage doubler. .
Close examination and study of the schematic will reveal that the doubler is
in fact made up of two hal f-wave voltage rectifiers. C1 and CRI make up one
rectifier and C2 adﬂ'ﬁkz the other. .

HALF-WAVE VOLTAGE DOUBLER

7




Summary ' \ Thirty-1

When the top of the secondary winding of the transformer is negative,
CRIl is forward biased, -allowing Cl to charge to the peak value of the
input voltage or 200 volts. When the top of the secondary winding of the
transformer becomes positive, CR2 is forward biased and CR} s reverse
biased. At this time a series tircuit exists consisting of Cl, CR2, C2
and the .secondary of the transformer. The secondary voltage of the
transformer now series aids the voltage on Cl and results in a pulsating
DC voltage of 400 volts as shown by the wave-form. :

If you do not understand how a half-wave voltage doubler works after
studying the schematic in Figure 1. and reading the explanation, you
should consider an alternate mode of instruction. This lesson is also
covered by narrative, programmed instruction, and tape/slide.

Figurelz shows the schematic for a half-wave voltage tripler.

i —'-_ O
100‘/-' -:!. .
ChRy C2 R4
10'0‘/-*" I 2.2 Meg|
_ Output-

+
%ECRg _TCS R

1 Meg

ﬁgurel2 :zfﬁ

\ " HALF-WAVE VOLTAGE TRIPLER

-

The circuitry for the tripler js identical with that of the doubler

except for the additioniof C3, CR3, and R2. [Considered separately, these
components function as a, half-wave rect1f1erl\Hh en the top of the secondary
of the transformer is negative, CR3 is forward biased and functions as a
closed switch. This allows both Cl and C3 to charge to a peak voltage of
200 v§lts. When the top of the transformer sacondary is positive, C2 is
charged to 400 volts as a result of the voltage doubling of the transformer
secondary and Cl. (€2 and C3 now function as series aiding capacitors and
discharge with_ a resultant voltage of 600 volts dcross the resistive load
RL. Note that the values of Rl and R2 are proportional to the voltages

of C2 and C3, or in this case, a 2 to 1 ratio. Study the schematic to

make sure you understand how the voltage tripler works.

-

The schematic shown in Figure 3 is that of a full-wave voltage doubler.
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Chy
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CR,

FULL-WAVE VOLTAGE OOUBLER

i1
Y

When you examine the schematic you see that the circuit™is in fact made
up of two half-wave rectifiers. These rectifiers function as series
aiding except in & slightly different way. Ouring the alternation when
the secondary of the transformer is positive at the top, capacitor Cl
.charges to 200 volts through CR1. Then, when the transformer secondary
is negative at the top, C2 charges to 200 volts through CR2. Rl and R2
are equal value balancing resistors which stabilize the charges of the
two capacitors. Resistive load R is connected across Cl and C2 so

that it receives the total charge of both capacitors. The output voltage
is #4006 volts when measured at the -top—of-R¢--or-point “"A" with respect

to point “B". - If the output is measured at the bottom of R_ it is -400
V. FEither way the output is twice the peak value of the AC secondary
voltage. As you can see the possibilities for voitage multiplication are
almost limitless. i ; :

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

ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU IN-
CORRECTLY 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
OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE FAILEO TO UNOERSTANO ALL, OR
MOST, OF THE. LESSON, SELECT ANO USE ANOTHER WRITTEN MEOIUM OF INSTRUCTION,
AUOIO/VISUAL MATERIALS (IF APPLICASBLE), OR CONSULTATION WITH LEARNING
CENTER INSTRUCTOR, UNTIL YOU CAH ANSWER ALL SELF-TEST ITEMS ON THE
PROGRESS CHECK CORRECTLY. “ S




Thirty-1

PROGRAMMED " INSTRUCTION
LESSON 1 -

voltage Multipliers

TEST FRAMES ARE 4, 13, 17, AND 24, PROCEED TO TEST FRAME 4 FIRST pnp
SEE IF YOU CAN ANSWER THE QUESTION. ~FOLLOW DIRECTIONS GIVEN AFTER THE

TEST FRAME. , | : | f
@ You know AC voltage can be stepped up (increased) by use of a

_transformer and that the amount of increase depends on the ratio of

the primary winding to the secdndary winding. Seé Figure 1.

1:2

-0

0

_ N |
-0 .
- '\ }
[ ] e ‘.
3 43¢ sove
. o _
| T ! |

figure 1 '
. STEPPING UP AC VOLTAGES

' In most equipment applicétions AC is converted %o DC by means of a power
supply. See Figu‘re/z. -

y TRANSFORMER "/~ 200 A _ C o
o——__-— fw (4 __.._o. 2 \ .
o POWER )
3 1.2 g SUPPLY w i
oO————— +—0

figure 2.

N
v ; AC TO DC

* Circuit wﬂ_l work with 6r without phase inve’r%jOn.
‘ . 10
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As you know\power supplies with transformer inputs use either ha]f;wave
or full-wave voltage rectification to provide the DC output. The type
of rectifier that is used depends on the equipment design and.applica-

tion.

T

This lesson describes another method of increasing voltageé. The
method is called voltage multiplication and the circuits which accomp-

lish this multiplication are called voltage multipliers. See Figure”

VOLTAGE
MULTIPLIE

figure 3
VOLTAGE MULTIPLIER

A voltage multiplier performs the same function as a:

step-down transformer power supply.
step-up transformer power supply.
fuilewave rectifier power SUﬁpIy.

voltage regulator power supply.
' \

step-up transformer power supply
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@JVoltage multipliers are classified as voltage doublers,

triplers or-qbadrup]ens}ijpending on the relationship of the output
a

voltage to the input voHage. See Figure 4.

VOLTAGE |
- DOUBL 4

N - | | VOLTAGE
U 1 | TRIPLER

VOLTAGE
QUADRUPLER [

TYRES OF VOLTAGE MULTIPLIERS

200VDC

N .
/QGDOVDC,

N
— 400VDC

figure 4

The cllassification o:F a vo]tagé multiplier depends on the:
relationship of the output voltage~fo the input voltage.
output v;Ttage of the vtha‘wg-::multipTier.

_input voltage of the voltage ﬁu]tip]ier.

Ivoltage requirements of the circuit.

l\ B
relationship of the output voltage to the input voltage

Vollage mudltiplicrs are ipod 'fwim‘.'u‘r-ily to develop high vollages
where there i a low curvenl requivemente  The wast camtion appllcglion
of the high voltige nut,p'ﬂt of a voltage smltiplicr is the annde of

a Eathude-rny tube (CRT). See )igure 5. Voltage medtiplicrs supply

] . : E
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anode voltages for radar scope presenggxions, oscilloscope presentations,
and TV picture tubes. The required voltages range from one thousand to

thiviy tHuweand yollse et acbual vonilage mequivement depends, on the

size ot Lhe CRT and {ts application.

9000VDC

N\ [ vourace
AC INPUT J MULTIPLIER

figure S
.
TYPICAL APPLICATION OF A VOLTAGE MULTIPLIER

- The purpose of a voltage multiplier is to convert vaiues of AC voltage
into higher values of DC. As voltages are increased in voltage mulfiplier
circuits there is a correspondind decrease in current output. You

.
recall that_this is also true when transformers are used to increase
¢

voltages, P

When voltage multipliers are used to increase voltages there is

in current output.

an inCrease
b. no change

c. a decrease

T A ke S T e TR A ke e T e Ay A e
t s

c. a decrease

\




(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN AT
THE TOP OF THE NEXT PAGE)" - ;e
The function of a vnltages multiplier is.to produce a/aﬁ:

a. UC output voltage that is a multiple of the peak AC input
voltage. . :

multiple of the AC input vo]tége.

.AC voltage greater than 5000 VAC.

iou DC voltage which is then converted to high voltagey







a.- DC output voltage that is a muitiple of the peak AC input
voltage '

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO TO TEST FRAME 13

DTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE.

TAKING TEST FRAME & AGAIN.

-

\r‘_,

(::) The AC input voltage fpr a voltage multiplier may be supplied

directI% from the power source or Iipg, or from a transformer. Nﬁi]e

the input cﬁuld be direct from the line this creates a potentially
hazardous condition. Use of a transformer isclates the equipment from

the Tine anq reduces the hazard. Most military equipments use transformers

as power sources for veltage multipliers.

. .'0\




Thirty-1

The primery advantage of using u‘lrﬂhﬁfQﬂ%ﬁjdﬁ a power source for a
- vnltage mittiplier is it: {
results in an increase in power output
suppligfva more reliable source of inbut voltage

isolates the equipment from the line and reduces potential electrical

hazards

1t i1solates the equipment from the Tine and reduces potential
electrical hazards

The multiplier schematic shown in Figure 6 is that of a half-
wave voltage doubler. It is called a doubler because the multi-
piier’s output voltage is twice that of the transformer peak secondary
voltage. Since the output capacitor is charged only 6ncg,guring each

input cycle the multiplier is called a half-wave voltage doubler.

OJJIF { 1 jf W

fioure [

HALF WAVE VOLTAGE DOUBLER .
A voltage multiplier which uses half wave rectification to fncrease

output voltage to twice the peak fnput voltage is called a

voltage doubler

half-wave .
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(::) The half-wave voltage doubler shown in Figure 7 is made up of two
ha]f—wave voltage rectifiers. C1 and CR1 make up one half-wave rectifier
and C2 and CRZ make up the other rectifier. To help you‘understand the

schematic, one of the half-wave rectifiers is shown with solid Tines and

the other with broken 1lines.

_C1 +200v_ _ﬁ,??’ ______ -

tigwre 7
HALF-WAVE VOLTAGE DOUBLER

A half-wave voltade doubler is made up of half-wave voltage

rectifiers.

. Look-at the schemat1c shown in Figure ?. Not1ce that the tor

of the s2Condary is negative {-) and the bottom is pos1t1ve {+),
During this time CR1 is forward hiased and functions as a closed -
switch allowing C1 to charge to the peak value of the input vo1tage or
200 volts.
When the top of the transformer secondary is negative, CR1 fﬁnétions as
a/an switch and allows C1 to charge to *__volts.

‘ open, 200

tlosed, 200
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@ When Lhe polarily across the secondary of the transtormer is

" roversed as shown in Figurz 8, Lhe top of the secondary is positive,

figure 8

MALF-WAVE VOLTAGE DOUBLER

Because the top of the sacondary winding is now positive, CRZ is forward

biased and CR1 is reverse biased.
. “3
When the top of the secondary winding of the transformer is positive,

CRZ is " biased and CR] is biased.
a. forward, reverse |

b. reverse, forward

a. forward, reverse
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With CR2 forward biased and CRl reverse biased, a series circuit
exists consisting of C1, CR2, C2, and the secondary of the transformer.

Current now flows as shown by the arrows in Figure 9.

L W B

R figure 8
CHARGING C2

The secondary of the transformer is nOw series aiding the charge on

C1 and results in a 400 volt pulsating DC output as shown by the output
wavefora. When the top of the transformer secondary jis positive, the

secondary of the transformer Cl and results in

volt pulsating DC output.

series aids, 4U0

@ The effect of series aiding is comparable to connecting two

200 volt battemes in series 35 shown in Figure 0.

'izobv _’f

OUTPUT

|I 200V S

figure 10
SERIES AIDING VOLTAGE SOURCLS i
The series aiding output voltage of Figure 10 is volts.
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Cigure 11§04 o moditied schematic for the hali-wavee voltage doubler

explained in this lesson. The difterence is that hatteries have heen
substituted for the transformer secondary and capacitor CI. These
batteries are shown as equivalents in Figure I1.

s Equivalent ‘ '
c1|280v

€ lngut |r

Wivalent —200v

Tramsformer .|- —_ .

figure 11
" SERIES AIDING SOURCES CHARGING C2.

The series aiding,shown in Figure I1 results in capacitor C; charging to
the sum of the voltages across Cl and the transformer secondary. This
results in an output voltage across R of 400 volts.

As a result of Cl and the transformer secondary series aiding, €2

charges to- volts.,

(::) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN ON PAGE 27.

1. The pufpose of a voltage multiplier is to convert peak values

of AC into _ __values of DC.

2. When voltages are increased through the use of voltage multipliers

in current output.
¢
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3. Transformers are used as power sources for voltage multipliers

because the transformer the equipment from the Tine,
thereby reducing the electrical hazard.
4. A voltage multiplier, which uses half wave rectification to increase

the output voltage to twice tﬁe input voltage, is called a

5. A half-wave voltage doubler is made up of

voltage rectifiers.
Answers to the following questions depend on your unders.anding of

the schematic shown below and knowledge of how each component functions.

6. Whea the top of the transformer secondary is negative, diode

CR! fun:tions as a/fan switch and allows capacitor C!

- to charje to

a. open, 200
b. ciosed, 200

7. when the top of the transformer secondary is positive, diode

CR2 functions as a/an switch.

a. wopen

b Cloeed
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*
8. when the Lop of Lhe secondary winding of the transformer is positive,

CR? is __biased and CR1 is biased.

a. forward, reverse
b. réverse, forward
9. During the negative input alternation, the secondary of the

transformer . Cl and results in a

volt DC output.

COMPARE YOUR "ANSWERS TO THE CORRECT ANSWERS GIVEN ON THE NEXT PAGE.
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(::) Now lets examine Figure 13 to determine how the addition of the

half-wave rectifier results in voltage tripling.

HALF-WAVE VOLTAGE TRIPLER
~ When the”trafsformer s?condary is negative at the top, as shown in ~
Figure 13, CR3 is forward biased and operates 1ike a closed switch.
Current now flows ;s shown by the arrows and Cl and C3 charge to 200.
volts. Notice that at this time diode céz is reverse biased and there-
fore capacitor C2 cannot charge. *
When current flows as indicated by the arrows in Figure 13, CRl and CR3

are and operate like a switch allowing Cl

and C3 to charge.

N S e ki T WP g A e

forward biased, cTosed =~

37
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t::r understanding of half-wdve vpltaqn douhlers will now help you
under

nd how voltage triplers work. Fiqure I? shows the schematic

diagram for a voltage tripler.

VOLTAGE TRI#LER
| Notice that the schematic’is'identica1 to that of the half-wave voltage

‘doubler except for the addition of components and circuit;y shown with
the broken linés. 0f course, if you remove the added circuitry you

will have a half-wave vo]tagé;doubler remaining.

The addition of another half-wave voltége rectifier to a half-wave
voltage doubler creates a voltage tripler. ‘

If a half-wave voltage recfifier is added ;p a half-wave voltage doublgr

the. resulting circuit is a voltage

tripler
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Now let's see what happens when the top of the transformer secondary

is positive. Study the schematic shown in Figure 14, paying particular

attention to the current ffpw shown by arrows.

HALF-WAVE VOLTAGE TRIPLER ‘
wWhen the top of the transformer secondary is positive, diode CR2 is
forward biased and C2 charges to twice the input voltage or 400 volts.
This is the result of the voltage doubling action of the transformer
secondary and C1. At this time C2 and C3 fuﬁction as series aiding and
the total outpuf increases to the sum of their voltages or 600 volts.

When C2 and C3 function as series aiding, the téta] output voltage is




Forward biased, closed
200

Forward biased, 400
Series 2iding, 600

ALL YOUR ANSWERS MATCH GO ON TO TEST FRAME 24. OTHERWISE, GO BACK TO
FRAME-14 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17
AGAIN.

You now understand how half-wave voltage doublers and triplers work

and how the variovs cmeOnents contribute to the final outﬁﬁt volfage.
You also remember that some equipments use full-wave voltage rectifiers
and multipliers. Instruction in the next several frames is concerned
with full-wave voltage nultipliers.

A full-wave voltage doubler has the advantage of Better voltage regula-
tion due fo a reduction in the output ripple amplitude and an increase

in the rippie frequency.

" The main advantage of a full-wave voltage doubler is

better voltage regulation or something to that effect
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. (7) TesT Frae

THIS IS A 'TEST FRAME. STUOY THE SCHtHATIC SHOWN IN FIGURE 15 ANO ANSKER
fHT QUESTIONS WHICH FOLLOW. ////'-

120= O —
G v
Tt > Output igat
+ l
¥CRj ~C3 R2 -
* tigure 16 _ 1 & ) ,

1. When the top of the transformer secondary is negative, as shown in

Figure 15, CR3 is R and operates like a
switch.
______ 2. During this time, €1 and C3 charge to volts.

cRy —
+ )
Co Ry I +
Output .RL.
+ —_
*CRy Cs Ry l
figure 16 I : —_Af 7 §

3. When the top of the transformer secondary is positive, as shown in

Figdre 16, CR2 is - allowing C2 to charge‘to
' volts. |

4. C2 and C3 function as - vo]faQe sources

to provide a volt- output voltage.

i ggEPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN ON THE TOP OF THE NEXT
E - _

29

. 3t
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(::) Look at Figure 18. Nheﬁ the transformer secondary is polarized as

shown, CR1 is reverse biased and CR2 is forward biased. With CR2 forward

biased, a series circuit is created. The circuit consists of the transfdfmer

secondary, (R2 and C2. Current frbws as shown in the schematic and C2

charges to jts maximum potential of 200 volts.

100V-- ) !
oV
100v-

-----

L]
-

T

2Q=
>
&
[+
+
+
y ~C2

figure 18 e
CRo '

CHARGING C2

When the top of the transformer secondary is negative, as shown in Figure

18, (2 charges to jts maximum potential of volts, «
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The schematic shown in Figure 17 is that of a full-wave voltage

doul.{ler. When you =:|,|1dy the schenatic you See that the circnit is in

——t ————— 1 —a 1

L4

Ol

fact made up of twe half-wave vull.aq(..- reclifiers.
»
OQUTPUT <R

o
{_01 l:l‘l_
‘ ~C Ry J .
< -

R =

L)

~  FULL-WAVE VOLTAGE DOUBLER

A full-wave voltage doubler is made up of half-wave voltage

rectifiars.

As jfou stt_ldy Figure 1'?‘notice that both CR1 and CRZ are connected to
the transformer secondary at the same point. Remember this, -sincé it is
a feature of all full-wave rectifiéi-s and serves as a method of identifying
or recognizinbg full-wave voltage doublers‘. No{:ice also that the capacitors

are connected in parallel with the output Toad.

no response required
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G{:) The schematic shown in Figure 20 shows what happens at the conClu-

sion of one complete input cycCle. - .

400V -

e

VeR;

FULE WAVE VOLTAGE DOUBLER

Notice that both capacitors have been charged to thﬂi{ maximum potential
of 200 volts. The} now discharge through équa?izing resistors Rl and R?
and the circuit load Ry . Because the capacitors operate as series aiding
the outputfyo]tage is equal to the sum of their potential or 400 volts.
when C] &nd C2 series aid the output voltage is equal to

volts.
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_ @ You have probably alréady concluded that when the transformer

secondary is-polarized as shown in Figure 19, CR1 and CR2 have oppos ite
polarities. In other werds CR) i< now forward hiased or closed, and CR?
~ i reverse biased or apen. A nevies circuit is now crealed conginting of

‘the secondary of transformer T1, ] and CRI.

OuTPUT Ry

figure 19

XL

CHARGING €1

€1 now charges to its maximum potential of 200 volts as shown on the
schematic, Study Figure 19 to make sure you ‘understand the current flow
associated with gharging t‘he capabitor. |
When the top of the tranﬁformer secondary is pos'itive, CR1 is
_biased and CR2 is biased.
' a. forward, reverse
- b. reverse, forward

u{’

L e e T iy ey e e S - Y Y - — - -

a. ' forward, reverse
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1. full-wave voltage doubier
2. to the transformer secordary at the same place or something to
that effect
cl, 20c
reverse, forward
series aid
400
IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED THE PROGRAMMED

INSTRUCTION FOR LESSON I, MODULL THIRTY. OTHERWISE GO BACK 70 FRAME I8
AND TAKE THE PROGRAMMED SEQUENCE BLFORE TAKING TEST FRAME 24 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM.. 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 INSTRUCTION, AUDIO/VISUAL
MATERIALS (IF APPLICABLE), OR CONSULTATION WITR LFARNING CENTER JNSTRUCTOR,

. UNTIL yOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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THIS IS A TEST FRAME. (OMPARI YOUR ANSWERS TO THF QUESTIONS WITH
g, ANSWLRS GIVEN AT THE TOP O 11l NLXT PAGL

The questions which follow depend on your understanding of the circuitry

shown in Figure 21. Study the schematic before attempting the questions.
CRy

00V-- o—-:t"‘-’ . Y t
Qr% :' p= Ry
WOV~ o+ O
. QUTPUT
| " J
X

3R

T
1+

figure 21

Chy

1. The schematic shown in Figure 2?1 is that of a

2. Une of the chiracteristics of this type of circuit is that hoth

diodes are Zonnected : .

3f When the top of thé transfoﬁmer secondary is positive,
charges to its maximum potential of __  volts.

4. When the top of the transformer secondary is negative, CR1 is
biased and CRZ is _ biased. |

5. The total output voltage equals the sum ot the volLages acroess

Cl and C2 because the capacitors
each other. '

6. - The output voltage of the circuit shown is

—
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‘The schematic diagrams in this lesson show a transformer input even though for
some applications a transformer is not necessary. As you know the input could
be direct from the power source or line. This, of course, does not fsolate
the equipment from the line and creates a potentially hazardous condition.
Most military equipments use transformers to minimize this hazard.

Figure 1 shows the schematic for a half-wave voltage doubler.

' 1 FRZ e =4DC — M,
e F e
= .

Figure 1

HALF-WAVE VOLTAGE DOUBLER

" Notice the similiarities between the schematic and that of half-wave voltage
rectifiers which you are already familiar with, The doubler shown is in
fact made up of two half-wave voltage rectifiers. Cl and CR1 make up one
half-wave rectifier and C2 and CR2 make up the other. The schematic of the
first half-weve rectifier is shown with dark lines in Figure 2. The dotted
lines and associated components represent the other half-wave rectifier and
1oad resistor. . ) ‘

Figure 2
RECTIFICATION ACTION - C
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RARRATIVE
LESSON 1

Voltage Multipliers

In previous Tessons you learned how a ¢ransformer functions t0 increase or
decrease voltages. You also learned that a transformer secondary may
provide one or several AC voltage outputs and that these voltages may be
greater than or less than the input voltage. You also learned that when
voltages are stepped up there is a corresponding decrease in current, and
that when voltages are stepped down the current is increased.

This lesson describes another method ¥or intreasing voltages. The method
and circuitry is called voltage multiplication. Voltage multipliers are
used primarily to develop high voltages‘where low current is required. The
most common application of the high voltage outputs of voltage multipliers
is the anode of cathode-ray tubes (CRT) used for radar scope presentations,
oscilloscope presentations, or TV. picture tubes. The DC output of the
voltage mulitiplier ranges from one thousand to thirty thousand volts. The
actual voltage depends upon the size of the CRT and its equipment applica-
tion.

Voltage multipliers may also be used as primary power supplies where a

117 VAC input is rectified to pulsating DC. This DC output voltage may

be increased, (through use of a voltage multiplier) to as much as 1000
VhC. This voltage is generaIIy used as the plate or screen gr:d voltage for
electron tubes.. .

When you studied transformers you learned that when voltage is stepped

up, _the output current decreases. This is also true of voltage multi-
pli\rs Although the measured output voltage of a voltage multiplier

may be several times greater thamthe input voltage, once a Toad is comect-
ed the value of the output voltage decreases.

Also any small fluctuation of Toad impedance causes a large fluctuation

in the output voltage of the multiplier. For this reason, voitage multi-
pliers are only used in special aplications where the 1oad is constant and
has a high impedance or where input voltage stability is not critical.

Yoltage multipliers may be classified as voltage doublers, triplers, or
quadruplers. The classification depends on the ratio of the output voltage
to the input voltage. For example, a voltage multiplier that increases the
peak input voltage twice is called a voltage doubler., Other voltage multi-
pliers are designated as triplers or quadruplers depending on the voltage
increase ratio. Voltage multipliers increase voltages through the use of
series aiding” voltage sources. This is comparable to connecting dry cells
in series. £
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The effect of the series aiding is comparable to connecting two 200V batteries
in series. As shown in Figure 4, C2 charges to the sum of these voltages,

or 400 volts.

Tranastormer

Figure 4 -
SERIES AIDING SOURCES

Figure 5
WAVE VOLTAGE TRIPLER

The schematic shown in Figure 5 is a schematic for a half-wave voltage
tripler. :

When you compaie Figures 4 and 5 you can readily see that the circuitry

is ijdentical except for the additional parts/components and circuitry shown
with dotted 1ines. CR3, C3 and R2 make up the additional circuitry. Ry
themselves these components make up o half-wave rectifier. O0f course, if
you remove the added circuitry you aqain have a half-wave voltage doubler,
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As you study Figure ? you see that C! and CR! work exactly like a half-wave
rectifier. During the positive alternation of the input- cycle the polarity
across the secondary winding of the transformer fs as shown in Figure 2.
Note particularly that the top of the secondary is negative. At this time
CRl 1s forward blased {cathode negative in respect to the anode). This
causes CR1 to function Tike a closed switch. This allows current to follow
the path indicated by arrows on the schematic and causes Cl to charge to the
peak value of the input voltage or 200 volts with the polarity shown.

During the period when the input cycle is negative as shown in Figure 3, the
polarity across the secondary of the transformer is reversed. —

Figure 3

RECTIFICATION ACTION - CR2

Note specifically that the top of the secondary winding is pow positive.
This condition now forward biases CR2 and reverse biases GRl. A series

ciruit now exists consisting of Cl, CR2, C2 and the secondary of the trans-
former.

Study the current flow shown with arrows. The secondary voltage of the
transformer now ajds the voltage on Cl. This results in a pulsating
DC_voItage of 400 volts as shown by the waveforni.

-~
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wr
L

+
I_Gz R2
CRy

Figure 8
FULL-WAVE VOLTAGE DOUBLER

The circuit shown in Figure 8 is that of a full-wave voltage doubler.

The main advantage of a full-wave doubler over a half-wave doubler is better
voltage regulation, due to a reduction in the output ripple amplitude and an
increase in the ripple frequency.

As you examine the scﬁematic you see that tne circuit is in fact two half-wave
rectifiers. These rectifiers function as series ~iding except in a slightly :
different way. - .

SR ——o W

100 A {;L______Ai.

/

SRy

. Figure 9

FULQ-HAVE VOLTAGE DOUBLER

+

During the alternation when the secondary of the transformer is positive at
the topCicharges to 200 volts through CR1. Then, when the transformer
secondary is negative at the top, C2 charges to 200 volts through CR2. Rl
and RZ are equal value balancing resistors which stabilize the charges of
the two capacitors. Resistive load Ry is connected across C1 and C2 so
that it receives the total charge of both capacitors. The output voltage is
+400 volts when measured at the top of Rl or point "A" with respect to
point “B". If the output is measured at the bottom of Ry it is -400 V.
Either way the ocutput is twice the peak value of the AC secondary voltage.
As you can see the possibilities for voltage multiplication are almost
limitless.
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Now Took at Figure 6. This figure shows the schematic for the voltage
tripler. When you study the schematic notice that CR3 is forward biased and
functions 1ike a closed switch. This allows C3 to charge to a peak voltage
of 200 volts at the same time Cl is also charging to 20n volts.

Figure 6
VOLTAGE TRIPLER

Look at the other half of the input cycle in Figure 7. (€2 is charged to
twice the input voltage or 400 volts as a result of the voltage doubling
-action of the transformer and Cl1. At this time C2 and C3 function as series
aiding and the output voltage increases to the sum of their respective
voltages or 600 volts,

Rl and R2 are proport1ona1 according to the voltages across C2 and C3, or 1n
this case a 2 to 1 ratio.

61 200V g,
!

—g | i

Figure 7
VOLTAGE TRIPLER
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ‘ALL

- SELF-TEST ITEHS CORRECTLY, PROCEEO TO.THE JOB PROGRAM. '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. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTANO ALL, OR MOST, OF THE LESSON,.SELECT
ANO USE ANOTHER WRITTEN MEOIUM OF INSTRUCTION AUOIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.




‘Overview . ‘ Thirty-2'

30.2.49.6 IDENTIFY the schematic diagrams of voltage comparator and Darlington
amplifier circuits by selecting the correct name or diagram from
a choice of four. 100% accuracy is required.

'30.2.49.7 IDENTIFY the function of components and circuit operation of
voltage comparator and Darlington amplifier circuits by selecting
the correct statement from a choice of four. I00% accuracy is
required.

30.2.49.8 CALCULATE the current 92in for a given Darlington amplifier
circuit by selecting the correct value from 2 chotce of four.
100% accuracy is required.

30.2.49.9 IDENTIFY the schematic diagram of practical current regulator
and current limiter circuits by selecting the correct name of the
diagram from 2 choice of four.. 100% accuracy is required.

30.2.49.10 IDENTIFY the burpose of current regulators and current limiters
by selecting the correct statement from a choice of four. 100%
accuracy is required,

30.2.49.11 IDENTIFY the function of components which make up the individua)
circuits within a2 complete transistor type voltege regulating
device given a schematic diagram of the device.

30.2.49.12 MEASURE and COMPARE current and voltage outputs in voltage and
current regulator circuits given a training device, circuit
boards, test equipment and proper tools, schematic diagram; and
2 job program containing references for comparison. fecorded
dita must be within limits stated in the job program.

30.2.49.13 IDENTIFY the'faulty-compoﬁent, or the circuit malfunction, in 2
given voltage and current regulator, given 2 schematic diagram
and failure symptoms, by selecting the corrgct fault from a2

choice of four. 100% accuracy is required.

Footnote: * Tnese objectives are considered met uﬁon successful completion
of the terminal objective, :

BEFORE YNU START THIS LESSON, READ THE LESSON LEARNING NBJECTIVES ANP PRFVIEW
THE LIST 0F STUDY PESOURCES ON THE NFXT PARE.
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OVERVIEW
LESSON 2

hTransistor, Voltage, and Current Regulators

In this lesson you will learn about voltage and current regulating devices
and how the regulators operate to maintain constant outputs. You will also
learn how these regulating devices operate independently and togeiher to
maintain circuit stability. You will also become familiar with each circuit’s
schematic and learn to identify faulty circuit components. .

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S): *

b

30.2.49 When the student completes this lesson, (s)he will be able to
TROUBLESHOOT and IDENTIFY faulty components and/or circuit.
malfunctions of a complete regulating device when given a
prefaulted circuit board, schematic diagram, necessary test
equipment, and instructions. 100% accuracy is -squired.

ENABLING OBJECTIVES:
When the student completes this lesson, {s)he will be able to:

30.2.49.1 IDENTIFY the purpose of voltage and current regulators by -
selecting the correct statement from a choice of four, 100%
accuracy is required.

30.2.49.2 IDENTIFY the schematic diagrams and operating characteristics of
fsimplified basic series and shunt voltage regulator circuits by
Fselecting the correct nmame or statement from a group of four.
100% accuracy is required.

30.2.49.3 IDENTIFY the schematic diagrams of practical series, shunt, and
variable shunt voltage regqulator circuits by selecting the
correct name or diagram from a choice of four, 100% accuracy is
~ required. ,

30.2.49.4 IDENTIFY the function of components and circuit operation of
practical series, shunt, and variable shunt voltage regulator
circuits by selecting the correct statement frama choice of
four. 100% accuracy is required. B

30.2.49.5 IDENTIFY the function of voltage comparator and Darlington
amplifiers within voltage regulator circuits by selecting the

correct statement from a choice of four. 100% accuracy is
required.

5 o,
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SUMMARY
- . LESSON 2

Transistor, Voltage and Current Regulators

This lesson covers circuits which are designed to regulate and maintain a H
constant voltage and current output and are called either voltage or current
requlators depending on their purpose. Many are designed to maintain
voltage or current outputs within plus or minus (¥) 0.1 percent.

The two types of basic voltage regulators 2re series and shunt. The classi-
fication of the regulator depends on how it is connected in the totai
circuit. Series regulators are cornected in series while the shunt type
requlator is connected in paralle! with the output load resistance. . This is
a basic concept that you should keep in mind as you complete 'this lesson.

A simple series type voltage regulator schematic is shown in Figure l.
Voltages are shown to help explain how the regulator works and enable you to
understand the regulator's operation mo: o readily.

' | R|‘ (tt::;£2;, _T
UNREGULATED 9.4V +
DC INPUT REGULATED SR
5V OUTPUT > ik
t CR|
‘ 10V l
T "Fi'“guréfi'"“' T T

SERIES TYPE VOLTAGE REGULATOR

Q! is used to regulate the voltage and functions in much the same way as a
variable resistor would function. The main advantage of using the transistor
~is that it responds almost instantaneously to changes in input voltage or
load current. The Cener diode CR1 blocks current flow until the apolied
voltage reaches or exceeds the Zener or break down voltage and provides a
reference voltage for the base of Ql. Since Q! is a series dropping device
all current from the power supply flows through it. Q1 compensates for
increases and decreases in input voltage and load current by changing its
forweérd bias and resistance. With a 15 volt input voltage and a 10 volt

. Zener voltage, the regulated pC output is 9.4 volts. .This results in a 0.6
volt voltage drop between the base and emitter of Ql.
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LISY OF 1upy RESOURCES
115500 7

Transistor, Voltage and Current Regulators

-

To help you learn materials 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:
Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:

Summary

Progress Check

Job Prooram Thirty-2 "Transistor, Voltage and Current Reaulators"”
Troubleshooting Transistors I.S..

Fault Analysis (Paper Troubleshootina) 1.S.

Performance Test I.S.

Additional Material(s}):
35 nnlsound}s?ide,"Thjrty-Z Transistor, Voltage and Current Regulators”

Enrichment Material(s): _ .
NAVSHIP 0967-000-0120 “Electronic CirCUits“, Electrornics Installation and
Maintenance Book {EIMB), Naval Ship Engineering Center, Washinton, 0.C.:
U.S. Government Printing Office, 1965.

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
CENTER INSTRUCTOR. HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY
REQUIRED TG ACHIEVE LESSON OBJECTIVES. THE PROGBESS CHECK MAY BE TAKEN AT

ANY TIME. -

47
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With a2 10 volt output voltage and Zener voltage of 9.3 volts the voltage
drop across Rl is 5.7 volts as long as the circuit is providing a 15 volt
input.- Rs is tne key component of this circuit because CRl and Rl are
connected in parallel with the load and any change in voltage is also
reflected across R1. Any change in voltage drop across Rl results in a
change in the forward bias of Ql and therefore a change in the amount of
current that is allowed to flow through the transistor. A good technique to
help you understand and remember how the regulator compensates for changes
in voltage is to substitute values that are different from those shown on
the schematic and make the necessary mathematic computations.

Changes in load current are compensated for by Rs and Ql. For example, an
increased load current results in an increased voltage drop across the
series dropping resistor Rs. This action reduces the forward bias for

Ql. Ql compensates by increasing its resistance thereby reducing the amount
of current that flows through it. Since less current flows through the
transistor more current is allowed to flow through the load resistance.

This returns the voltage drgp /across Rs to its former state. The components
operate in the opposite way when the load current decreases. .

1

o™

+ ? | ‘ L. I‘\\I i+
' CR' ‘\‘- ;) I

UNREGULATED 9.3V

REGULATED §R
°°,é’i‘f“7 1OV L
R) Q
- N e
Figure 2

. SHUNT TYPE VOLTAGE REGULATOR

50
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Momentary increases or decreases in input voitage result in momentary
changes in output voltage. @1 compensates by increasing or decreasing its
resistance, and the voltage drop changes in accordance with the amount of
the transistors forward bias. In this way the transistor maintains a
constant output voltage.

Again refer to the schematic. When the load current changes there is a
change in voltage drop across RL. This results in a change in the voltage
drop across Q1 and the transistor compensates for changes in load current in
much the same way that it compensates for changes in input voltage. Before
proceeding further make sure you understand how the circuit shown compens:tes
for increases and decreases in fnput voltage and load current.

The schematic for a shunt type voltage regulator is shown in Figure 2,
Except for the addition of resistor Rs the components of this circuit are
identical with those of the series regulator. The other difference is the
regqulating device is connected in parallel with the load resistance. Note
tha:t the series dropping resistor Rs is connected in series with the load
resistance and that CR! and limiting resistor RI function as a voltage
divider to provide a constant DC potential to the base-collector of Ql.

) ' <};:
CRj ’

UNREGULATED | 9.3V
nC INPUT REGULATED

1SV | lov

R| ’
- AN —

-

Figure 2
SHUNT TYPE VOLTAGE REGULATOR




Figure 4 is the schematic of a circuit which you will encounter quite
frequently and is called a Darlington type ampliifier.

5 TOTAL CURRENT _  OUTPUT
f:ma. GAIN INPUT
INPUT ©

Q) _ & 400ma.

> 4 Ima
820ma Q3 ’OUTPUT |
. 8 400ma. = 400

al—
-

Figure 4
DARLINGTON AMPLIFIER

The advantage of the Darlington amplifier is high input impedance and high
gain. The Greek letter Delta, which is represented by an equilateral tri-
angle, is used to designate "a change of.”" Notice that the emitter output
current of one transistor is the base current for the other transistor.

. This type of circuitry results in a current gain which is the product of the
current gains in the individual transistors. In the example shown
both transistors have a gain of 20. Therefore a 1 milliampere change
at the base of Ql will result in a total current output of 400 milliamperes.
The possible combinations, of course, are endless.
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A voltage comparator provides more precise regulatjon. The schematic for a
typical comparator is shown in Figure 3,

Ty

— REFERENCE
_'F VOLTAGE
10 VOLTS

Figure 3
VOLTAGE COMPARATOR

The voltage comparator is sometimes called a differential amplifier because

it amplifies the difference between the inputs to Q1 and Q2. These transistors
are identical and load resistors Rl and R2 are also identical. So long as
the voltage applied to the base of both transistors is equal the circuit
remains balanced and has no output. The comparator functions because the
collector voltages of the transistors are 180° out of phase with each -

other, In other words when the collector voltage of 02 i< more positive,

the collector voltage of Gl is less posi%ive, .
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Sometimes it is necessary to regulate current output. Circuits which are
used to regulate current output are called current regulators. The schematic
for a simple current regulator is shown in Figure 6. In many respects this
circuit is identical with that of a series voltage requlator. The main
difference is that an additional component has been added. This component,
R1, is connected in series with the diode and senses current changes.

RQ|=9ﬂ

12 VOLTS
DC INPUT

+
Rz% 2000

—
—e- o—

Fiqure 6
CURRENT REGULATOR

Voltages are shown on the schematic to help you understand how the current
regulator operates. Study the schematic and note that the bias of Ql is the
difference between the voltjges across Zener diode CR1 and Rl. Since these
components have opposite arities the bias of the transistor is the
difference between the two'voltag.s.,

Changes in the c¢ircuit load resistance causes a corresponding increase or
decrease in current flow through the regulating device. Changes in load
resistance are offset by corresponding changes in the transistor resistance.
For example, a 5 ohm increase in the transistor résistance is the result of
a 5 ohm decrease in the load resistance. Because the circuit is a current
requlator the current remains constant. However, regulating ..» r . rent in
this way results in changes in the ol put yoltage,

The schematic shown in Figure 7 is a current Yimiter. This tyPe of circuit
is used tq prevant damage to delicate circuits which use semiconductor devices.

l

™

.

3
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The schematic shown in Figure 5 canhines a voltage comparator and Darlington
type amplifier. '

+A N /—\\ - +
) k:ﬂ(ﬁ . [
UNREQULATED 3 Ra
DC INPUT .
Ry REGULATED
. Q4 E out
R ]
' CORRECTION
* - SIGNAL
) ERROR
Ry % G2 SIGNAL
— REFERENCE '
. I VOLTAGE Ry
Y bi
p—. ) —
— i
Figure 5

DARLINGTON AMPLIFIER + VOLTAGE COMPARATOR

Study the schematic to make sure you understand how the two circuits work
together to maintain a requlated DC output. If you have difficulty under-
standing how these two circuits work together, you may wish to view the tape

slide presentation for this lesson or study the programmed instruction or
parrative form of this T-sson.
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g @Q‘_ P+

REG. REF. 5 yoLTs
vOLT
DC INPUT DC QUTPUT
R2
L I
R ) Figure 7 N

CURRENT L IMITER

Since the current limiter has & short response time 1t protects critical
rivcuits against current overload. Notice that the schematic is identical
with the schematic for the current regulator. The only difference between

a2 current regulator and current limiter is the size, or value, of the series
dropping resistor. The resistor which is used in the current limiter is
smaller than the resistor which is used in the regulator. .In order for the
limiter to operate a reference voltage must be provided. This is shown in
the schematic 3s a box. If you are unable to recall how circuits provide
reference voltajes refer to other parts of -this lesson, the narrative, pro-
grammed instruction, or audio visual materials..

Changes in the transistor's bias and resistance compensate for changes
in load current. Make Sure you understand the baswc operation of the

'Iim*uer before proceedlng further.

You should now be familiar with circuits which are used to regulate and
control voltage and current outputs. As you complete the job program for
this lesson you work with the NIDA model 201 power supply trainer. The
circuits which are used in this trainer combine all the regulation circuits
¥ou have studied. When yYou become familiar with the NIDA equipment you will
better understand how regulator devices oOperate together to accomplish
complete regulation.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHLCK. IF YOU ANSWER ALl
SELF-TEST ITCMS CORRECTLY, PROCEED TO TiL JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK (QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGLCS, PARAGRAPHS, OR FRAMES SO THAT

YOU CAN RESTUDY THE PARTS OF  THIS LESSON YOU ARE HAUIHG NIFFICULTY WITH. IF
YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, CR MOST, OF THE LESSON,
SELECT AND USE ANOTHER WRITTEN MEDIUM OT IHSTRUCTION AUDIO/UISUAL HATERIALS
(IF APPLICABLE) OR CONSULTATION WITH LLARNING CENTER INSTRUCTOR. UNTIL You
CAN ANSWER ALL SELF-TEST 1TEMS ON TIIE PRNGRESS CHECK CORRECTLY.

55 61 -
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constant voltage or current function. The ciifuits which maintain
power supply voltage or cﬁrrent outputs within specified limits, or
tolerances, are called regulators. , , .
They are designated as DC voltage or DC current regulators depending

on their specific application.

Circuits which maintain constant voltage or current outputs are

calle: DC voltage or.DC current .

- S SRR e SN wr e e o b S N AN S S e e S e S

.

regulators

(::) Voltage regulator circuits are additions to basic power supply
circuits which are maﬁg up of rectifier and filter sections. The
purpose of the voltage reguiator is to provide an output voltage
with Tittle or no variation. Regulator circuits_sense changes in
output voltades and compensate for the changes. Regulators that
maintain voltages within p1u§ or minus (1) 0.1% are quite common.
The diagram *n Figure 1 illustrates pictorially‘the.purpose of the

voltage regulator.

~~~— [ De

_/'_\ | RECTIFIER-  |ov——— VOLTAGE o —
y FILTER REGULATOR
INPU OUTPUT
FIGURT I

The purpose of a voltage regulator is to provide an output voltage

'uitp Tittle or no ; .

57 6 ,'.-;
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PROGRAMMED INSTRUCTION
LESSON 2

Transistor Voltage and Current Regulators

TEST FRAMES. ARE 6, 12, 17, 23, 29, 33, 38 AND 5I. PRDCEED TO
TEST FRAME 6 AND SEE IF YOU CAN ANSWLR THE QUESTION. FOLLOW
THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

(::) You are already familiar with the methods used for increasing,
decreasing and rectifying AC voltages. You know that most electronic
equipments recuire DC voltages and that these voltages are provided
through rectification of the AC input voltage. You remember that
rectification may be accomplished by using either half-wave or
fu]]-wave rectifiers and that the advantage of using a full-wave
rectifier is that less filtering is requjred because there is less

ripple in the output.

1

The main advantage of & full-wave rectifier is that the amount of
filtering required is: :

a. fincreased

b. reduced

g T o e A e T e T L e e T e e e T e T .

_/

b. reduced

(::) You know that the outpuf of a power supply varies with changes in
input voltage and ciréuit 1oad cu}rent reqhirementé. Because many
military e]ectrOnic equipments require operating voltages and currents .

which must remain constant, some form of regulation is necessary. This

lesson explains how efrcuits maintain a
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variation - . )
. In a previous lesson (1esson VI module 20) you learned that

there are two basic types of voltage regulators. Voltage regulators

are classified as series or shunt depending on the location, or
position of theé regulating element{s) in relation to the circuit
load resistance.

The two basic types of voltage& regulators a

series, shunt or vice versa

Y
@ Figure 2 {1lustrates the two basic types of voltage regulators.

In actual practice the circuitry of regulating devices may be quite
complex. Th.‘el simplified drawings shown in Figure 2 are presented
to emphasize that there are two basic types of voltage regulators.
Broken lines have been uysed to highlight the differences between

. . ;}
the series and shunt regulators.

iy

o , - o—

INPUT DC R INPUT DC
VDLTAGE - VOLTAGE

o o
SHUNT REGULAT(‘)}Q SERIES REGULATOR

Figure 2

»

¥
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¢. regulators

IF- YOUR ANSWER MATCHES THE CORRECT ANSWER GO ON 79 TEST FRAME 12.
IF YOUR ANSWER DOES NOT MATCH GO BACK TO FRAME 1 AND T.XE THE PROCRAMMED:
SEQUENCE BEFORE TAKING TEST FRAME 6 ACsIN.

(::) Figure 3 illustrates the princ’oie of series voltage regulation.

- Az you study-the figure nofice that the regulator is in sertzz i.ch

the Toad resistance and that all current passes through the regulator.
in chis example variable resistor Rv is used for requlation. Examine
the circuit to determine How the regulator functions. When the input
vd]tage increases this also causes the output voltage to increase,
HoweveF; since the voltage regulator senses this change, the resistance
;of the reguiating device Rv increases and results in a gqreater voltaqe

_ drop acros§ Rv. This causes the output voltage to defrease to normal,

or for all practical purposes, to remain constant.

_jf

UNREGULATED REGULATED |
© DC INPUT DCOUTPUT 2R
. o . ' <

)

~
b

TFIGURE 3
\ SERIES VOLTAGE REGULATOR

1

! #

You have probably already concluded that as the inPut voltage

_ decreases, the resistance‘of the variable resistor Rv decreases
almost simultenecusly, thereby compensating for the voltage drop.

6 o

61 : '
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The schematic on the left in Figure 2 is that of a shunt type regulator.
""" It is called a shunt type reguiator because the regulating device is
connected in parallel with the load resistance. This is a character¢
5 istic of all shunt type regulators. The schematic- on the right is that
of a se~ies regulator. It is called a series regﬁ1ator because the

P regulating device is connected in series with the Toad resistance.

no iespanse s required

THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTION COMPARE
YOUR ANSWER WITH THE ONE GIVEN ON THE TOP OF THE FOLLOWING PAGE.
" 1. Circuits which maintain a constant voltage or current output

are called . T

a. filters
b. controllers
¢c. regulators

d. transformers

60
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The diagram in Figure 4 represents a shunt type voltacde reguiator.

Notice that variable resistor Rv is in paralle! with the Toad resisfarnce

RL and pgpt'fixed resistor Rs is in series with the load resistance.

+

. L ¢ . "
. You ajready knew the voltage drop.across a fixad resistor remains
\ S
\\Qggstént unless there is a veriation, increase or decrease, in the

current through it.

™S

1

UNREGULATED ;REGEULATED {
DC VOLTAGE ' out
INPUT Rvi SR

- FIGURE 4
SHUNT VOLTAGE REGULATOR

Recall that one of the charactér%stics of the shuht type regulator -
is that the vegulation device is connected in parallel with the
Toad resistarce. In this case the regulation device is represented by
the variable resistor Rv, Now consider how the regulating device
maintains the output vo?tagelconstant.
With a censtan® input voltage, the output voltage remains ccnstant
only a§ Tong as the parallel resistance of Rv and R_ remains constant.
You cgn'readi1y see that changes in tne load {current) must be compensated
for by chanyes in the resistance of the regulating device Rv. When the
Toad {current) increases the resistance of the requlating devire, |
resistor Rv, myst be increased to compensate for the fncreased load

through X) .
7

L]
£, )
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Since there is & smaller voltage drop across Rv, the output voltage
remains almost constanlL. Voltage fluctuations within the circuit occur

in microseconds and are not observable on test eguipment.

wWhen a series voltage regulator is used to control output voltages,

any increase in the input voltage results in a/an increase/decrease

in the resistance of the regulating device, Rv.

1ncrease

Recall that there are two types of voltage regulators, series

and shunt. You have already learned how series requlators operate
and therefore the next several! frames are concerned with explaining
how a shunt regulator functions. The basic difference between a
series and shunt regulater is that the shunt regulator is connected

in parallel with the load resistance.

H

A shyat type veltage regu]ato? is connected in series/parallel with

the load resistance.

T —— e i Y A T A T s g e A Y ——— T - —— - -

paraliel
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continuously and automatically to regulate the output voltage without
external manipulation is required. One such voltage regulating

device is a Zener diode regulator. -~

no response required

@ THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTIONS COMPARE
YOUR ANSWERS WITH THE ONES GIVEN ON THE TOP OF THE PAGE FOLLOWING
THE QUESTIONS.

1. When a series voltage regulator is used to control output

voltages, a decrease in the input voltage results in a/an increase/decrease

in the resistance of the regulating device, Rv.

2. The two basic types of voltage regulators arve

3. A type voltage regulator is connected in parallel
with the output load resistance. .

4. One type of voltage regulator which operates continuously and

automatically is a diode regulator.
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The voltag:tifgg}ator. Rv compensates for decreases in the load

{current) by“increasiny/decressing its reslstance.

T T e T Tl N Ak W A A

decreasing

Again refer to the schematic shown in Figure 4 anld consider how
the voltage requlator operates to compensate for changes fn input
voltages. You know, 8f course, that the input vol?age may vary and
that any variation must be compensated for by the regulating device.
Consider an increase in input voltage. ﬂhen ihis happens thg
resistancé of Rv'automatica1ly decreases to maintain the correct
voltage division. If you have concluded that the regulator‘operates

in the opposite way to compensate for a decrease in input voltage

you are correct.

The resistence of voltage requlator Rv, increases/decreases to

compensate for any decrease in input voltage.’

------------------------------------------------------------------

1ncreases

@ So far the operation of voltage regulators th;t‘use variable
resistors have been explained. You have probably already concluded
that this type of regulation has Timitations. Obviously. the

variable resistor cannot be adjusted rapidly enough to'compensate

for frequent fluctuations in voltages. Since input voltages fluctuate
frequently and rapidly the variable resistor is not a practical

method for voltage regulation. A voltage regulator that operates

64
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decrease
series/shunt or vice versa
shunt

lener

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS GO ON TO TEST FRAME 17.'
IF YOUR ANSWERS DO NOT MATCH GO BACK TO FRAME 7 AND TAKE THE
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 12 AGAIN.

7 N\
+ ' +
T Q

UNREGULATED
DC VOLTAGE REGULATED §RL
INPUT out

FIGURE
SERIES VOLTAGE REGULATOR

@ The sthematic for a typical series volitage regutator is shown
in Figure 5. Motice particuiarly that the variable resistor has
been replaced with Ql. The load_pasﬁes through this transistor which

is the reason it is sometimes called a‘“pass transistor.” Other

components which make up the circuit are the current limiting resistor
R1 and the Zener diode CRI. |

Recall that a Iener djode is a diode which blocks current until a
specified vollags |« uupllnd;KJuﬂmuMNH'alﬁu thal this is called

the breakdown or Zenar vnltage a;H\tQat when the 7ener voltage is

A

67 -
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Now study Figure 6. Notice that voltages are shown to help you

understand how the regulator operates.

_/_\ 1 —t™
F ' 7+
UNREGULATED ' 14.3V

DC VOLTAGE REGULATED
INPUT = 20V E out

v l
1SV -

gt

FIGURE 6
SERIES VOLTAGE REGULATOR

In the example the Zener used is a 15 volt Zener. Recall that a

Zener diode blocks current flow until such time as the applied voltage
reaches th2 breakdown or Zener voltage. In this instance, the Zener or
breakdown voltage is 15 volts. The Zener establishes the value of the
base voltaje for Ql. The output voltage will equal the Zener voltage
minus a 0.7 volt drop across the forward biased base-emitter junction
of Q1, or 14.3 volits. Because the output voitage is 14.3 volts, the

voltége drop across Q1 must be 5.7 volts.

With an input voltage of 20 volts and a required output voltage of

14.3 volts the voltage drop across 01 is _

5.7 volts
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reached, the Zener diode conducts from its anode to its cathode

(with the arrow!!!). Also, recall that Zener diodes are available

with different Zener voltages. Now examine the circuit in detail to
see how the various circuit components functon. fn th{s case,

Q1 has a éonstant voltage applied to its hase. This voltage is often
ca]léd the reference voltage. As changes in the circuit output voltage
occur, they:are sensed at‘the emftterlof Ql, producinQ a corresgonding
change in the transistor's forward bias. 1n other ;Ords. Q1 compensates
by increasing or decreasing its resistance in order to change the
circuit voltage division. Refer to Figure 5 in order to answer the

following question,

The purpose of Q1 is to _changes in output voltages and

convert this voltage change into the proper transistor
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Figure B8 is & schematic diagram for the same series voltage

regulator with one significant difference. Notice that the output

voltage is shown as 14.2 volts in lieu of the desired 14.3 volts.

UNREGULATED T+
DC VOLTAGE REGULATED §RL 14.2v
INPUT - Eout .

L3

CRI
15v

FIGURE 8
SERIES VOLTAGE REGULATOR

In this case, the load has increased causing a greater voltage drop
across Q1, thereby.reducing the voltage Arop across Ry to 14.2 |
volts. When the output decreases the forword bias of Q1 increases to
C.8 volts tecause Zener diode CR1 maintains Ql's base voltage at 15
volts. Note that this is the difference between the Zener reference
voltage of 15 volts and the momentary output voltage. (15-14.2=0.8).
At this time, the largpf forward bias on Q1 causes the resistance of

Gl éo decrease, thereby causing the voltage drop across Q1 to return to
5.7 volts. This then causes the output voltage to return to 14.3

volts.

when the forward ‘bias across Q1 increases, the resistance of Ql

. — oy ey e ey A W et B w w A

decreases
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k @ Study Figure- 7 in order to understand what happens when the

input voltage exceeds 20 volts.

A . N R
T , Q ’ +
0.6V

UNREGULATED -
DC VOLTAGE REGULATED

INPUT = 20.1V l Eout-
. —e —

ISV

Tt

FIGURE 7
SERIES VOLTAGE REGULATOR

b
N

Notice particularly the input and output voltages of 20.1 and 14.4
volts respectively. The 14.4 output voltage is a momentary deviation
or variatiOp, fr?m the required regulated output voltage of 14.3, and
is the result of a rise in the input voltage to 20.1 volts.
Since the base voltage of Q! is held at 15 volts by CRI, the forward
bias of Ql changes to 0.6 volts. Because this bias voltage is less

- than the nonnél 0.7 volt, the resistance of Ql increases thereby
increasing the voltage drop across the transistor to 5.8 volts. This
restores the output voitage to 14.3 voits. The entire Eycle takes only
a fraction of a second and therefore the change is not visible on an

oscilloscope or readily measurable with other standard test equipment.

When the forward bias voltage of Ql decreases, there is a corresponding

increase/decrease in the resistance of the Ql.
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Q1
0.6 volts
5.6 volts

decrease

L]

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS 60 ON TO TEST FRAME 23.
IF YOUR ANSNERSIDU NOT MATCH GO BACK TO FRAME 13 AND TAKE THE
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAMi 17 AGAIN.

' Study the schematic shown in Figure 10. Notice that a potentiometer

is included as part of the circuit.

+ o——

b

UNREGULATE

DC INPUT i. b4

REGULATED

l VARIABLE
- _ 5 DC ouTRuT

FIGURE 10

The potentiometer has been included in order to illustrate how the
output voltage may be varied from zero to the full valua of the

voltage regulators output. Later frames in this instruction will

cover this in more detail.

no _response required
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@ THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTIONS COMPARE
YOUR ANSWERS WITH THE ONCS GIVEN ON THE TOP OF THE PAGE FOLLOWIMG
Tt QUESTIONS

" Refer to the schematic shown in 1 igure ¢ when answering the questions

in this test frame.

+

UNREGULATED .9
DC VOLTAGE ' REGULATED
INPUT = I5V. : - Eout

|

T

FIGURE 9

1. The component which senses changes in output voltages in Figure 9

is ) .

2. What is the base-emitter voltage for Q1?2 ° ___FBE.”
3. Based on the input and output voltages shown, what is the voltage

drop across Q17 , : volts

4. when the forward bias of Q1 increases, there is a corrvsponding

increase/decrease in the resistance of (Qi.
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Figure 12 is the schematic for a typical shunt type regulator.
Notice that the schematic is identical with the schematic shown in
Figure 11 except that voltages are shown to hélp you understand the

function of thé various components.

+ v - r
+

T S.evV[™™|+ 7 .

UNREGULATED +f

0C VOLTAGE
INPUT =20V

4

E out =63V

) REGULATED
Q

144V

3.7V

™ FIGURE 12
SHUNT VOLTAGE REGULATOR

In the circuit sﬁ;wn the voltage drop across the Zener diode CR1
remains constant at 5.6 volts. This means that with a 20 volt input
voltage the voltage drop across Rl is 14.4 volts. With a base-emitter
voltage of 0.7 volts, the output voitege is équa] to the sum of the
voltages across the Zener diode CRl and the voltage at the base-emitter
junction of Ql. In this example, with an output voltage of 6.3 volts
and a 20 volt input voltage, the voltage droﬁ across Rs equals 13.7
volts. Study the schematic in order to fully understand how these

voltages are developed and pay close attention to the voltages shown.

HC response required
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(::) [hofschematic shown {n Figure 11 is that of & shunt voltage

N
regulator.

'NOTE: Q1 is in parallel with the load.

+

' —

UNREGULATED +
DC VOLTAGE REGULATED §RL

INPUT E out
e

-

FIGURE 11
SHUNT VOLTAGE REGULATOR

Components of this circuit afe identical with tﬁose of the Series
Voltage Regulator except for the addition of fixed resistor Rs.

When you study the schematic you see that this resistor is connected

in series with the output load. The current limiting resistor Rl

and Zener diode CR1, provide a constant reference voltage for the
base-collector junction of Ql. Notice that the Bias‘of Q1 is determined
by the voltage drop across Rs and Rl. As you know, the amount of
forward ‘bias across a transistor affects its t&tal resistance. In this
case, the voltage drop aCross‘resistor Rs is the key to the total
circuit operation.

The voltage drop across resistors Rs and Rl determines the amounF of

base-emi tter for Ql. -

-
D A A R e A e e S N N i e e A e ke e e A O




p.1. ' Thirty-2

- @ Study the schematic¢ shown in Figure 14. Although the schematic
is identical with other shunt voltage schematics previously illustrated
and discussed, the output voitage shown is different. The load current
has increased causing a momentary drop in voltage output to 6.2 volts.
Recall-that the circuit was designed to insure :a censtant output
voltage of 6.3 volts. Sin_é:e the output woltade is less than required,

changes occur in the regulator to restore the output voltage to 6.3

volts.

UNREGULATED - +

DC VOLTAGE REGULATED
INPUT E out

MOMENTARY
6.2 YOLT
~ 0C OUTPUT

:
3

" FIGRE 14
SHUNT VOLTAGE REGULATOR
Becuuse of the 0.1 volt drop in the output voltage the forward bias
of Q! is now 0.6 volt. This decreése in the forward bias increases
the trénsistor's resistance, thereby rec!_ucing the current flow through
QA by thé same amount that the load current increased. The current
flow through Rs returns to its normal value and restores the- output

! \
voltage to 6.3 volts.

When the load current increases ard the output voltage momentarily

drops, Lhe resdntance ob ) tncreases/fdecreases Lo compensate.

increases
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(::) Refer to Figure 13, Thin (igure shows the schemalic diagram of

the sané-shunt voltage requlator wilh an increased input voltage of

T —F
[

20.1 volts.

i

INPUT = 20.1V

UNREGULATED |+ MOMENTARY
DC VOLTAGE REGULATED 3 64 VoL
N E out D¢ OUTPUT

| e

O A y-——— l— —_

FIGURE 13
SHUNT VOLTAGE REGULATOR

This increases the forward bias on Q1 to 0.8 volts. Recall that the
voltage drop across the Zener diode CR1 remains constant at 5.6
volts. Since the output voltage is comprised of the Zencr voltage and
the base-emitter voltage, the outprut voltage momentarily increases to
6.4 volts. At this time the increase in Ql's forward hias lowers the
transistor's resistance allowing more current to flow through it.
Since this current must also pass through Rs, there is also an increase
in the voitage drop across this resistor. The voltage drop across Rs
' is now 13.8 volts dand therefore, the output vbltage is reduced to 6.3

' volts. Remember that this change takes place in a fraction of a

second.

When there is an increase i: the input voltage of the shunt voltage

requlator shown in Figure 13 the forward bias of Q1 fncreases/decreases.

R A e o e e g SN e A N Y wh S e ek mh e — mw O ae S  S  p  S wh

Tncreases
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1. 0.7 | |

2. 5.7 | | }
3. 5

4. increase, decrease

5. decreasing

IF YOUR ANSWERS MATCH THt CORRECT ANSWERS, YOU MAY PROCEED TO TEST
FRAME 29, OTHERWISE GO BACK TO FRAME 18 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN. ’

- ko pha T g T Ny S Lk T g e gl

Refer to the shunt voltage regulator schematic in Figure 16.
Notice particularly that a potentiometer has been incorporated into

the circuit. The pot is designated as R2.

_—

+Tf T
UNREGULATED VARIABLE | |+
OUTPUT

— N

FIGURE 16
VARIABLE SHUNT VOLTAGE REGULATOR

Addition of the potentiometer provides a capability for a variable
regulated DC output. Notice that thg 5.6 volt drop across tine

potent iometer is equal to the vnltage drop of the Zcner diode CR1. The
nominal voltage across the base-emitter junction is about 0.7 volts.
The total outprl is the sum of the voltage across the base-emitter

- Juaction of Q1 plus the reyulated voltade at the wiper of R2.
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THIS IS A TIST sRAMi.  STUDY Tl SCHTMATIC IN TLGURT 15 IK
ORDER TO ANSMLR THL 138y QUISTIONS. AITIR You hN§HIR ™ TI'sT

QUESTIONS COMCPARE YOUR ANSWERS WITH THE .CORRICT ANSWERS GIVEN ON THE
~—

TOP OF THE PAGE FOLLOWING THE QUESTIONS.

+ :
i F
UNREGULATED 10V

DC VOLTAGE | REGULATED
INPUT =15V : - Eout

FIGURE 15
SHUNT VOLTAGE REGULATOR

1. The voltage across the base-emitter junction of Q1 is

volt{s).

2. The voltage across Rl is - volt(s).

3. The voltage drop across Rs is __ volt(<}.

4. when the input voltage increases, the forward bias on the
base-emitter junction of Ql will {increase/decrease)

____causing Q1 to (increase/decrease)

resistance.

5. When the load current decreases, "l compensates by

(increasing/decreasing) its resistance.
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P.I. \
| SERIES :s,‘,,,r”’ij’-\
RESULATOR I~
CORRECTION
UNREGULATED SIGNAL
OC INPUT

YOLTAGE
COMPARATOR

SIGNAL

REGULATED
SHURT oe oytpyT

DETECTION
R l

FIGURE 17

of the regulator is delected at the junction of the two resistors. A

change jin the regulated output iS referred to as the “"error signal”.

This signal, or input, is applied to the voltage comparator. FExamine

the diagram and note that the voltage comparstor k- another ipput.'

This input is called the reference volfage. The reference voltage

remains constant. The fupction of the comparator is to compare the

error signal with the reference voltage ar-

2d on the difference,

develop an output voltage called the correc..on signal.. When this

signal is fec to the series regulating device which is usually a

L3

transistor, the resistance of the transistor changes to compensate

fof any increase or decrease in output voltage.

The electronic circuit which compares the “error signal” with a

reference voltage is called a
a., series regu'ator
b. voltage doubier

€. shunt regulator

d. voltage comparator
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When the voltmeter connectes to Lhe wiper arm of R? is 4.5 voits,

the output voltage is __  wvolls.

L

e S N T A i T e e e B S Ty b A e WA o W e

2.2 VOILS

@ You have now learned how basic series and shunt transistor

Ivo]tage regulators work and may have wondo 2d how the regulation

could be improved. Method< for improving the regulation 2= explained

in frames which follow.

The basic electronic circuit which makes betterlvo]tag&\regufatiorn
possible is callaed a “voltage comparator™. The diagram shown in
Figure 17 i11: Lrates pictorially how this circuit retates to the

other regulator circuits.

- SERIES
REGULATOR
CORRECTION
UNREGULATED ' F— SIGNAL RI

REGULATED

SHURT
DETECTION °°'°UTP”T

Ry J

DC INPUT y VOLTAGE
COMPARATOR

ERROR
SIGNAL

!
FIGURE 17 -
SHUNT DETECTED -SERIES REGULATOR

When You examine Figurg 17 notice that a voltage dividér is connected
in shunt, or paraliel, uith‘the cutput of the voltage regulator.

p; .
This jder is comprised of R1 and-R2. The regulator shcwn is called

a shunt detected series regulator. Any change in the outjyut voltage

;
i

80

5/
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with the values given the circuit has no output. Any chahge in the
source vo]tééé of either transistor affects the other transistor a
lTike arouﬁt and vol_ages are cancelled out. Characteristics of this

circuit are high stability and sensitivity.
+ &‘\ﬂ:c

- ERROR
SIGNAL=0QV

I- 10 VOLTS

ﬂ

Q Q2
L REFERENCE
== VOLTAGE Rz

Figure 18
—— - VOLTAGE COMPARATOR

The voltage comparator shown in Figure 18 is often called a

amplifier

differential

- -

You now have 2 basic understanding of how a volt age comparator

works.. To give you a befter undefstanding, the next several frames
include informgiion as to what actually happens when t . error voltage
is different than the réference voltage. Assume that the comparator
errar valtage increases ?n 11 voits as shown in Figure 19, This
cositive error signal of 1 voll causes an increase in the forward

bias of (2, ther hy cansing additional current to flow through collector

(oad resistc R2. This causes the cnlleclor volrege of Q2 to ducrease.

f;ﬁ,




& | Thirty-2

\___/

that is part of a shunt detected series voitaqge rvﬁulator.

t'!' Vee

X = I5VOLTS
REFERENCE ERROR
VOLTAGE VOLTAGE 'I'

10 VOLTS

FIGURE 18
VOLTAGE COMPARATOR

Notice that identical transistors and collector load resistors are

used with a common emitter resistor in order to form the ba.._nced
cir€uit. The circuit shown is often called a différential amplifier,
since {t amplifies the difference between the input sigrals. Loo. at
Q1 and note that a reference voltage of 10 volts is applied te the base
of the transistor. An identical potential is applied to the base

of Q2. This voitage is the result of usiné the potentiometer Rx to
select a value which is equal to the reference voltage. The error
signal equals the difference betwéeﬁ the reference and error voltage.

A voltmeter connectéd across the two transistor collectors, as shown in

Figure 18, results in a voitage reading of zero volts. This means that

8.
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(28.) Figure 20 shows the same schematic with the error voltage

reduced to 9 volts, producing a negative 1 volt error signal. Since

this voltage is one vplt less than the 10 volt reference voltage,

the current through Q2 decreases at the same time the current through

Q1 increases. Study the schematic to make sure you understand how'the
voltages offset and produce a positive correction signal from the

collector of Q2.

(—)CORRECTION
VOLTAGE

REFERENCE -
VOLTAGE — : o VOLTAGE

I0 VOLTS

FIGURE 20
VOLTAGE COMPARATOR

No response required

THIS IS A TEST FRAME. STUDY THE SCHEMATIC IN Fxsdﬁr\zl IN ORDER
TO ANSWER THE TEST QUESTIONS. AFTER YOU ANSWER THE QUESTIONS COMPARE
YOUR ANSWERS WITH THE CORRECT ANSKCRS GIVEN ON THE P OF THE PAGE
FOLLOWING THE QUESTIONS. '
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At the same time, the increased Curr9nt_thr0uqh R3 produces a deCreasr
tn the forward bilas of (l. This ocCur' becanse the top of R3 bécomes

more positive,

i‘i‘ Vcc

Ic| R‘
N  {+)CORRECTION 'V;5.<°'-TS '
VOLTAGE = V) —% (—) CORRECTION VOLTAGE
a
RB|
' R Ry  T=7|5voLTS
REFERENCE ] , ERROR T < —
VOLTAGE  .—. 3 VOLTAGE
mvoLts T = l
FIGURE 19

YC_TAGE COMPARATOR
The smaller forward bias on Ql decreases the collector current and
results in a-corrESponding inCrease i~ the collector voltage of Ql.
The collector correction voltages of Jl'and Q2 are out-~of-p ase; the
increase in the.ﬁoliector yoltac - of M s offset by a corresponding
decrease in the collector veltage of Q2. This is shown by the 5 volt
. reading on the vpitmeter. The output from Q2°'s coll:ctor would be a

negative 2.5 volt correction signal.

An increase 'in the collector voltage of one of the transistors shown

in Figure 19 indicates a corresponding increase/decrease in the

collector voltage of the other trans:stor.

bkl L L L I L R L T g —

e decrease
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1. wvoltage comparator
2. equal, out-of-phase
3. b. decreases

4. increase

IF YOUR ANSWERS AGAEE WITH THE CORRECT AiSWERS Y(UU MAY PRGCEEC. TO TEST
FRAME 33, OTHERWISE GO BACK TO FRAML 24 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAMI 29 ATALH

30.} You now unders.iad now o el < v ine. Refe™ iu
Figure 22 ard nctice that & - “ies re9d1a£0r, Q3, and two additional

resistors have been added to the rircuitry. These components complete

& regutator circuit which uses the output of the voltage comparator.

+ “ - -
. yo‘

§R| ‘ - | > §R4
-

UNREGULATEC . C?&gﬁ?gg” REGULATED
DC INPUT - LTA DC OUTPUT

ERROR b-é“s

Q, VOLTAGE 4

— REFERENCE

L i‘vouase

FIGURE 22
SHUNT DETECTLD SERIES RIGULATOR

Recall that when the load incredase there is a momentary, or temporary,
‘decrease in the cutput voltage. Study the schematic and notice that

a decrease in ou.put voltage is sensed at the wiper arm of potentiometer

n7 Qs

-
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CORRECTION
VOLTAGE ' . © CORRECTION VOLTAGE

+ .
REFERENCE ' R ERROR
VOLTAGE 3 VOLTAGE

FIGURE 21
VOLTAGE COMPARATOR

1. fhe electronic circuit which makes better Qoltage regulation
possible is called a: ”

a. series requlator-

b, vos'l tage mu]ti’[ﬂ‘i&

¢. shunt regulator

d, voltage comparator
2. A Differential Amplifier produces output signals that :. ¢

(equal/unequal) and (in-phase/out-of-phase) with each

other,

3. When a positive error signal is pruduced, the collector v(itage
of Q2 r

a«  stav-
P decreases
€. increases

4. [ negative er~~- signail rasults in afan increase/decrease in the

curren flow through Ql.
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(::) The schematic in-Figure 23 is that of a Darlington amplifier.

This type of amplifier has several distinct advantages. The main
-advant.ages of the Dariington amplifier circuit are the high input
impedance and high current gain. This circuit is found in many

regutated power supplies.

+ Ve

- I %
A
Raé ‘__Mrnq o Total wurrent Gain = ——— 400m _
INPUT o——9 - ) 2 Imo
=4 Ima. Qi ' Eyf . 400

A20ma. “c :
: A 400 ma.

= I

FIGURE 23
DARL INGTON AMPLIFIER

As you 'study the schematic for this circuit, note the symbol & ; a
Greek alphabet‘'letter used to denote in this case "a small change

" of." This is merely a shorthand technique in electronics that saves a
Tot of = ing.
S;udy the schematic and notice that fhe emitter of Q1 1s connected
direcily to the base of Q2. The emitter output current of Q1 is
therefbre the-base current of Q2. This type of circuitry results in a
current gain which is equal to the product of the individual current
gains.
Since each of the transistors has a «cerrert v n of 20 the taotal
current gain eyuals & .. Because )1 has a oin of 20, a 1 milliaumpere
b: .e input current change results ip an output currert change of 20

mil. . amperes at the emitter. Application of this 20 milliampere change
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RS as a negative error signai. This ‘error signal {less positive
voltige} is felt at the base 6f (2, causing an increase in the voltage
on the collector of Q2 (collector out-of-phase with base). When this
more posi.ive voltage is applied to the base of (3, its %orward bias
is increased, thereby decreasing the resistance of the Q3. _This
results in 2 smaller voltage drop across the transiétof, and the
output vo{tage of the regulator returns to normal. Remember that
these changes take place in microseconds. In the event the output

' voftage increases, the error and correction signal polarities would be

‘ reversed. The purpose of the voltage comparator in tﬁis circuit

(Figure 22} is to provide a high degree of sensitivity to signal

change, thereby eliminating changes, or drift, in the cutput voltage.

A negative error signal will cause a/an

forward bias of Q3 and a corresponding

in the transistor's resistance.
a. deﬁrease, inGrease
b. increase, decrease
c. decrease, decrease

increase, increase

increase, decrease
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(::) You are now familiar with voltage regulators, voltage comparators,
and the Da-lington type ampiifier. Sirce “ou understand how these
circuits operate independantly it is easy to understand how they are
comb{ned to regulate voltages.
The schematic shown in Figure 24 is that of a Shunt Detected Series
‘Regulator which uses both a o't 23ge comparator and 2 Darlinaton
amplifier. As yocu study t'. sti..matic notice that components which
make up th2 Darlington amplifier are enclosed with broken lines.
Note particularly that Q3 and Q4 make up the Darlington amplifier and
: that the emitter output of Q4 is applied to the base of Q3. Recel!

how this results in a high current gain. The total current gai- cf

course, depends on the individual current gain of the two trinsistors

4o 1

I

i

|

L] l
> 1
BIRl )
|

i

|

Q3

Qg
CORRECTION

UNREGULATED SIGNAL REGULATED
DC INPUT ° R et L -~ DC OUTPUT
ERROR S®s
. 1 QI
RB,
. L . ’
‘ — REFERENCE R3 Re
g I VOLTAGE 1

_GURE 24
SHUNT DETECTED SERIES REGULATOR USING VOLTAGE COMPARATOR AND DARL INGTON
AMPLIFIER
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to the base of ()2 results in an output change of 400 milliamperes at

‘the (2 emitter. -

Do not let the term “current gain" confuse you. Trangistor current

gain and voltage gain are commonly used in eiectron{c circuit

discussions. Voltage gain, as you remember, is the ratjo of output .
~. voltage to the input voltage, or A, = %ﬂ: Current gain js similar

in that it refers to output current comégned to input current

. or, Ai = %ﬂ; As you can see, the two terms are very similar, one

for voltage amplification, and the other for current amplification.

Combining two transistors in this way results in a significant

current gain with a direct application in controlling the Outpuf of

power supplies.

Given the circuit shown in Figure 23, what is the output current
change of Q2 assuming an input current change of 1 milliampere and

transistor gains of 10.

. D e, VW WY D i, D a  un D Ak e, S VY

100 miiliamperes

N
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UNREGULATED ; REGULATED
DC INPUT DC QUTPUT

0,

L

?
- REFERENCE
J VOLTAGE .

FIGURE 25

1. The circuit outlined with broken lines is called a

a.
. b.

c.

d.

)]

Darlington amplifier
voltage refulator
voltéée comparator
voltage divider

and Q2 are part of a

circuit

a.
b.
.c.
.
3. If

Dar1ington amplifier
voltag2 regulator
voltage divider
vo?tége comparator

Q3 and Q4 have a cuqrent gain of 20, what is the change in

emitter output current of Q3 when a 7 mi]liampereﬁ current change is

- applied to the base of na? : "
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When the DC Anput increases the outpul voltage will momentarily

increase, causing a positive error signal at the base of )2, which is
part of the voltage comparator circuil. Because the collector voltage
‘of Q2 is out of phase with the transistor’s base, it appears as al;
negative (less pnsitive) correction signal to the Hase of Q4. Refer
to the schematic tc make sure you understand this concept. With a
negative correction s%gnal at the base of Q4, there is a corresponding
decrease in the forward bias of Q4. This‘resdlts fn a smaller base
current for Q3 and an increase in the resistance of Q3. Because of
the increased resiFtance, there is a greater voltage drop across 03
which compensates for the in ?easea input voltage and thus returns the

output to the normal regulatéd value.

With a positive correction signal at the base of 04 there is a/an

in the forward bias of the trandistor and a/an

in the transistor’s resistance.

increase, increase
decrease, increase
decrease, decrease

increase, decredse

L I I R e T

d. 1nCrease, decrease

— -

(::) THIS IS A TEST -FRAME, REFER TO THE SCHEMATIC SHOWN IN FIGURE 25
WHEN AN#HERI&B THE QUESTIONS. AFTER YOU ANSWER THE QUESTIONS

COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS ON THE TOP OF THE PAGE'
FOLLOWING THE QUESTIONS. |




a. Darlington amplifier
d. voltage comparator
800 milliampéres

c. decreases

b. decreases ¢

YOUR ANSWERS MATCH THE CORRECT ANSWERS GIVEN A30VE YOU MAY GO TO

TEST FRAME 38, OTHERWISE GO RACK _TO FRAME 30 AND TAKE THE PROGRAMMED

\

SEQUENCE AGAIN BtFORE TAKING TEST/FRAME 33 AGAIN.

You now know how voltage reg'ula]:ors work to provide constant

output voltages. If you concluded that in.some circuits it may be
necessary to regulate current ou%put, you are correct. The circuitry
which‘provides 2 constant current output is called a constaﬁt current
regulator or just current regulator. The scheﬁafit shown in Figure 26
is a simplifind schematic for a current requiator. The variable
resistor s: ' on the schemafic is used to illustrate the concept of
current regulation. As you know from your Study of'voltage regulators
a variable resistor does not respond quick ‘enough to compeﬁéate for

* the qﬁanges. Notice that an ammefer has been included in the circuit

to emphasize that the circuit is that of a current regulator.
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4. When the wiper arm of R5 is moved toward R4, the DC output voltage

of the regulator:
a. 1increases
b. remains the same

¢c. decreases

%

5. When therload decreases, the collector voltage of 12
a. f{ncreases (more positive)
b. decreases (less posifive)

¢. stays the same

T g T ey T T N et mk ir Y w w0 -

<,
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(EE) Siqpe use ofba variéble resistor is aot a practical way to

. .control current/f]uctuation or variation, a transistor and Zener
diode, together with necessary resistors, are used. Recall .hat the
Zener diode provides a constant reference voltage. The schematic

shown -in Figure 27 is that of a current regulator circuit.

+
+o —
T T
DC INPUT - REGULATED ";?
VOLTAGE - current | 3SRL.
_ ' oUTPUT . | 1-
Ra
— I
FIGURE 27

CURRENT REGULATOR
Except for the addition 'of Rl, the circuit shown in Figure 27 is
similar to a series vp]tagj}reguTator. The resistor is connected

in series with the load an

senses current changes in the load.

. _— : Notice the voltage drop acrgfs RI and the negative voitage polarity

| applied to the emitter of QIl The voltage polarity is a result of
current flowing through RI and this negative voltage opﬁoses the
forward biasqur QI. However, since the regulated voltage ;cross 7ener
diode CRI has an opposite polarity, the actual bias of the transistor
is the difference hetween the two vo!tages. You can readily see that
the purpose of R2 is to function as a current limiting resistor for the

7ener diode.

e e . R N N E B A oS o = = o= e e 8 4 P g 4 e e = =
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DOC INPUT ' REGULATE

VOLTAGE ) CURRENT,
: ; OUTPUT

—_—

I i

- FIGURE 26
SIMPLE CURRENT REGULATOR

when the circuit fﬁnctions properly, the current reading of the
mmngtef remains constant. In this case'the variable resistor Rv
coﬁpensates for cﬁanges in the load or DC input voltagé; It ha§
prébaBIy occurred io you that adequate current regu]at}on resu?ts‘ih :
the loss of voltage regulation. Study the schematic shown, recalling
tth any increase in Toad resistance causes a drop in current. When
the load resistance increases, in order to naéntain a constant current
flow, the fesistapce of Rv must be reduced, This causes the total
-resisfance to remain constant. - An increase in the input voltagde
must be.compensated for by an‘increase in the resistan;g of Rv,
thereby maintaining a constént current flow. As you can readily
understand, the operation of a current regulator is similar to that of

"2 voltage reglator. The basic difference is that one regulates

current and the other voltage.

When there is an increase in the load resistance R|, the resistance

of Ry inqreases/decreases to compensate for the change.
¢ : - _

T T T R R W R A s e e T e T T TR A L e A W W S

.
-~

decreases
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If you have concluded that without current regulation, a drop in the

input voltage will cause a decrease in current output, you are correct..

No response required

(::) Since you are familiar with the hasic current regulating cire
cuitry, let's examine in detail how the various companents work to
maintain the constant 400 milliampere outfut. Refer to the schematic

shown in Figure 29.

+ O~

12 VOLTS
DC INPUT

FIGURE 29
CURRENT REGULATOR

Recall that ¢ decrease in'Toad_resistance causes a corresbonding
increase in current flow. In the example shown, the Toad resistance
RL has dropped from 15 ohms to 10 ohms. This results in a larger
voltaje drop across R1 due to the increased cuyrrent flow. The voltage
drop has increased from 2;4 volts to 2.5 volts. OFf course, the
VOTtdgé-drOP across Zener diode CR)® remains constant at 3 volts due to
its regulating ability. Because of the increased voltage drop acrose
R1, the forward bias on Qlais now 0.5 volts. Since the forward hias

nl i how ttecreased, Ll reslaLance ol the transistor Increases

from Y ohms to 14 ohlins. Notice Lhat, {ﬁe 5 ohm increase 1n resistance .

104
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You know the pu;gose’df «; current. regulator is to provide a
coﬁstant gurrent'fegardless of changes in the input voltage or load
qurreﬁf; |

The schematic shown in I'fgure 28 is that of a circuit designed t

provide a constant current of 400 wil liamperes.

*if;
12 VOLTS

OC INPUT
VOLTAGE

I

FIGURE 28
CURRENT REGULApr

As you study the schematic notice that voltmeters are shown in order
to emphasize the voltaQe drops across specific components. . These
ioltages Qill help you understand how the current regulator operates.
When you examine the schematic notice that the voltage drop acrocs
the base-emftter jﬁnction of bl is 0.6 volts. This voltage is the
difference between the iener voltage and the voltage drop across Rl.
The 0.6 volt forward bias of Q1 permits operation in a linear range.
The output voltage acfpss RL is 6 volts as shown by the voltmeter.
Nopice that with a fegulated current output of 400 milliamperes, the
transistor régistance is 9 ohms. This can be proved, by using'qhm's
law and the values shown on the schematic. in this case current (1)
is equal to the voltage drop.{E) divided by the resjstance (R):

Therefore: 12 volts 30 ohms = 0.4 amperes or 400 milliamperes.

a8

105
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. THIS IS A TEST FRAME. STUDY THE SCHEMATIC SHOWN IN FIGURE 30 AND
ANSWER THE QUESTIONS. AFTER YOU COMPLETE THE QUESTIONS COMPARE YOUR
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE
TEST QUESTIONS.

+ R

T,

C

DC INPUT |
. VOLTAGE ‘
R

*

R
2

FIGURE 30
CURRENT REGULATOR

1.. The voltage drop across the base-emitter junction of Q1 is the

sum/differenze of the voltage drops across Rl and diode CRI.

2.. Any decrease in the load resistance Ry will cause a/an

in the forward bias of Q1 and a/an . ' in the transistor

resistance.
a. 1increase, incCrease
b. decrease, decrease
¢. increase, decCrease
d; décrease, increase
The ie;istance of Q1 increases as a result of
a. a decrease in circuit load

b. an increase in circuit load

o e A A A Ty A e A A e B S B B e B A A e A e A B A A ol R e o g o e

ot
Y 106

1




L I ' Thirty-2

across the transistor corresponds to the 5 ohu decrease in the load
resistance. Thus, the total resistance around the outside loop of
the circuit remains constant. Since the circuit is a current
requlator, you know that output voitébes will vary as the regu?at6r~
maintains a constant current oﬁtput. In the example the voltage
output is reduced to 4 volts, computed by mu]tip]yiﬁg current (1)

times resistance (R). (400'ma x 10 ohms = 4 volts)

Any decrease in the base-emitter forward bias across Q1 results in

3/an increvse/decrzase in the transistor's resistance.

U T ——— .

Increase

e L
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« 1. difference
2. d. decrease, increase

3. b. an increase in circuit 1oad

IF YGUR ANSWERS FGREE WITH THE ANSWERS GIVEN PROCEED TO TEST FRAME 51,
OTHERWISE GO BACK TO FRAME 34 ARND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 38 AGAIN,
Although fuses and circui- breakers offer some circuit protection,
their response time to circcit overloads is not fast'enough to prevent
damage to ﬁelicate circuits which use junctions and semi-conductor
components. For this reason current limiter circuits are required.

" They normally function within a voltage regulated power supply.
Figure 31 shows a schematic fer a simple current limiter. The
purpose of the‘11miter is to protect the perr supply against a
current overload. If you have concluded that the current limiter
circuit is a'most identical with a current regulator you are correct.
The one basic difference between the two circuits is the size of the

series resistor. ,
Ry

+o . + 0= “ +

. B A 6 Z)q— '

T "REFERENCE] o LOAD
VOLTAGE 3V

DC INPUT

VOLTAGE = DC OUTPUT -
Ry

FIGURE 31
SIMPLE CURRENT LIMITiR
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a. ..decrease, increase

You now understand the principles of c.-urrent limiting. The
schematic shown in Figure 32 shows ‘how areurreni'limiter is used in an
actual circuit. Examiﬁgtfon of the schematic reveals that the

limiter is in fact made ﬁb of two Separate.gircuits which you already
understand; a Shunt Voltage Requlator and a Darlington Amplifier.
‘ﬁotice that components which make up the two circuits mentioned have
been outlined with dotted 1ines to help you understand the relationship

more readily.

SHUNT VOLTAGE REGULATOR , ~ — DARLINGTON ANPLIFIER

+ o0
o CURRENT
LINIT SET

hrd

| REFERENCE

t VOLTAGE UNRESULATED
CURRENT LIMITED
DC YOLTAGE

bUTPUT

I

UNRECULATED
0 INPUT

)
i
|
t
|
|
|
|
{
|
f
I
{
I
I
|
'

r
|
|
!
!
!
|
!
I

FIGURE 32
CURRENT LIMITER CIRCUIT
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value than those which ére used in current Yimiters.

A regulated reference voltage is needed in order for a current limiter
to work. For simplicity, the reguired circuil is shown as a box in
Figure 31. If you cannot recall components or circuitry which provide

reference voitages refer to earlier frames of this lesson.

Notice that the reference voltage shown is 3 volts. Recal} that this.
voltage aﬁd the voltage drop across resistor Rl determine the forward
bias of Q% and the ultimate output voltage. Because the total load
passes through R1, the voltage drop across this resistor is a direct

indication of the 1oad.

Up to the point where limiting occurs, the transistor in a current
limiter stage is operating at or near saturation. That is to say, the

voitage drop across Rl does.not affect the transistor's resistance

significantly (it is very small). However, when the load increases

to the limiting point, the voltage drop across Rl will begin to force
the transistor out of saturation and into the operating region, which
increases the transistor's resistance, thus reducing the output

s

voltage from the supply. This then limits the total current output.

When limiting occurs an increas: in the voltage drop across Rl results

in-a/an in the forward bias of Q1 and a/an
in the transistor’s resistance.

a. decrease, increase

b. increase, decrease

¢. decrease, decrease

d. increase, increase
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SHUNT YOLTAGE REGULATOR DARLINGTON AMPLIFIER

CURRENT
LIMIT SET .

t REFERENCE

| YOLTAGE Q - UNREGULATED
B - CURRENT LIMITED
UNREGULATED 06 VOLTASE

0C INPUTY y ouTPU

FIGURE 32
CURRENT LIMITER CIRCUIT

Refer to Figure 32. Notice the Darlington amplifier enclosed by
the dotted lines on the right hand side of the figure and recall that

the output of 2a Dar!ihgton type amplifier is the thduct of the gain

of each of the transistors. For 2 review of this concept and a more

detailed explanation, refer to frames 31 through 33 of this lesson.

The addition of R2 is necessary to enable the Current Limiter circuit

to operate. THe purpose of this key resistor is to sense the load
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Study the circuit designatgd as - the Shunt Voltage Regylator and
notice that an unregulated DC input voltage is converted, or changed,
to a reference voltage by the regulat‘or.' . If vou do not recall exactly
how this is accomplished, refer to frames 19 through 24 in this

Tesson.

Notice that the reference output voltage js varijable and depends on

the setting of RS. The wiper arm setting of the potentiometer thus

determines -what the reference voltage will be, and indirectly, the

current Timiting level.

The component which determines the output reference voltaée of the
transistor shunt regulator circuit in Figuyg 32 is:
a. (Rl |
R4
Q3
RS
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The schematic shown in Figure 33 {foldout)*includes all of the circuits
which you have-Studied. It is the schematic for the NIDA Mode]'an
power Supply trainer which you will have an opportunity to use'as you
complete the Job Program for this lesson. As you study the schematic,
notice particularly that {1 is in fact made up of four separate and
distinctly different circuits which are interconnected. The circuits
mdy be described as the rectffierffi]ter circuit, overload protection
éircufts, voltage requlator circuit, and moﬁitoFing circuit. The
opération of each of the circuits is explainéd'in the following
frames., If you have difficulty understaﬁding any circuit refer to
_appropriate frame§ in this lesson.

series voltage regulator ~ frame 7 and 13 through 18

shunt voltage regulator . frame 8 and 19 through 24

voltage comparator \ frames 26 through 29

Darlington amplifie; frames 31 through 33

current regulator " frames 34 through 38

current lim‘ter franes 39 through 41

no response requared

T1, CRI and CR2 and C! function as a full-wave reclifier i’.q

provide unregulated DC input voltage. The vnltage across términals 4
and 6 of this trainer, is approximately 40 volts.
If you wish to review and refresh your memory concerning full-wave

rectification, study module/lesson 20-1V

e g ., T o o o o e
L3

no response required

*Refer to schematic at end of Lesson 2.

7601.14
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~and convert it to a voltage druﬁ Lo provide control for the Darlington
amplifier. Using a reference voltage of'3 volts, the operation of the
limiterhuijl now be explained. With a load current of approximately
1.6 amperes, the voltage drop across R2 is approximately 2.4 volts and
limiting occurs. At this time, Ql‘and Q3 have about 0.3 volts across
their base-emitter junction. This reduction of forward bias causes
the resistance of the transistors to jncrease, thuﬁ the oufput voltége
is reduced. ' You know that this éhQnQe in voltage output limits the
current output to 1.6 amperes. You now élso.understand how the
limiter works and how the output current limit leve! m;;\be changed.

by adjusting the current Timiting resistor R5.

The component which provides control for the Darlington amplifier is:
R3 -
R2

RS

d. R4 . \

L L e . b b e o R N ey Yy ey

b. RZ

- -

‘ So far'ymrned about circuits which are used to regulate,

‘or control, voltage and current outputs and the phases of regulation

" have been explained.in detail. Perhaps you have wondered how the

; ciréuits are combined in an actual situation to accomplish complete

-ty

( regulation.

115
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The next stade show-n in the schematic is the primary voltage

regulation stage made up of circuits which you are already familiar
with. The stage contains a reference series voltage regulator,
curre‘nt régulator, voltage comparator, and a Darlington amplifier.
Operation of each of the circuits is briefly described in subsequent
frames to help you understand how each of the circuits contribute to-

a complete, or total, power supply.

no response regquired ,7

The reference series voltage regulator circuit consists of Zener
diode CR5, Q7, R13, R11, R12, and C5. The purpose of the regulator is
to provide a reference input voltage for the voitage comparator. The

~ reference voltage may be set between zero (0) and 14.3 volts by adjusting
R13. Thus, R13 provides coarse control of the total regulated voltage

from the Sunply.

\s_...--._,

The output of the reference series voltage regulator is applied to

' the of Q8.

a.. emitter®

b. collector

c. base ’ ' \
The voltage comparator circui} consists of Q8 and Q9 and associated
resistors. Recall that the purpose of the comparator is to compare
error and reference vnltages. The circuit then amplifies the difference

voltage in order to produce a correction sidnal. T[ine control )

m 11
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Again refer to the foldout schemstic and notice that the unregulat-

ed OC output of Lhe recLifier provides the input For the overload
protection stage which is comprised\of”a_ current lim?ter and ciréuit
breaker. WNotice that the current limiter js composed of a shunt
voltage regulator and a Darlington type amplifier, coﬁsisting of Q1
and Q2, and is identical with the current limiter you previously
studied. The only difference in this case is that cir;cQ'lt breaker Cbl
is included to provide overall circuit protection if the current

Vimiter components fail. -

The component which provides overall circuit protection for the

regulated power supply is

circuit breaker (bl __

"As you study the schematic .Y(ou can see that the current limit
point mzy be varied b_y édjusting RS anci that the Ol-ltput:

of the circuit ranges from 10 milliamperes t'o 1.6 amperes. The
unregg'lated output voltaée rneasurefl across terminals 1 and 15 approxi-

_mates 35 volts. The maximum current output, of course, is determined

by the setting of R5.

Maximum current output of the circuit may be varied by adjusting
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The Darlington primary series voltage regulator consists of

- 04 and Q3 and operates to provide primary control of the output

voltage. Remember the output current gain of a Darlington amplifier
"“15 the product of the current gain(of the two transistors which make

up the amplifier. In this circuit the’ amplifier converts changes in

the voltage output of Q9 into changes in the resistance of Q3/Q4.

Remember the source 3¢ thz er:o: Signa. s _ne wiper arin of R17.

The functions of CL anc C6 . Lo minimize distortion oruspurious

signa]s caused by moving the wiper arms of potentiometers R;3 and

R17.

The output Eurfent gain of the Darlington amplifier is the

the current gain'oflthe transistors which make up the amplifier.
sum
difference

product

c. product

C (::) THIS IS A fEST FRAME. STUDY THE FOLD OUT SCHEMATIC ;ND ANSWER
"THE QUESTIONS. AFTER YOU COMPLETE THE QUESTIONS COMPARE YGUR ANSWERS
WITH ‘THE ANSWERS GIVEN AT THE TOP (O THC PaGE FOLLOWING THE TEST
QUESTIONS.

1. The component which provides overall circutt protection for the

power supply is . .

z. The-compqnent which sets the limit for currént output is
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of the supply output voltage Tevel is acéompjished by changing the
‘setting of R17. The correction signal from the collector of Q9 is
applied to the base of Q4 and together these transistors form part of a

Darlington primary series voltage regulator.

The correction signal from the collector of transistor Q9 serves as the

input*to the of Q4.

a. emitter

b. base

c. collector

b. base

IThe-cur‘-rent regulator circuit consists of CR4, QB, R8, and RiO0.
The purpose of the circuit is to maintain a constant current through
Q6. and RS. The current flowing through Q6 is held constant because of
the ;ction-pf CR4 and RB. The output of the current regulator remains

constant because current changes in Q9 are offset by an equal and

‘oppolite change in current flow through Q4.

The component which senses the change in current in the current
regulator is

CR4

®
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Circuit breaker Cb! or just Cbl

RS -

a. base
R17 and RI3
b. base

d. product

IF YOUP ANSWERS MATCH THE CORREFT ZNSHIP® v0U HAVE COMPLETED LESSON 2
- MODULE 30-CONGPATULATI MC! ;7 T:11S POINT, YOJ MAY TAKE THE LESSON PROGRESS
 CHECK. IF YOU ANSWEP ALL SC!F-TTST ITEMS CORRECTLY, PROCEED TO THE JOB
PROGRAM. IF YOU INCORRECHEY ANCWER 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 WNTH.- IF YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR
MOST, OF- THE LESSON, SELECT AND USE ANOTHER WRITTEN MEDIUM OF IHSTRUCTIUH,
AUD10/VISUAL MATERIALS (IF APPLICABLE), OR CONSULTATION WITH LEARNING CENTER
-INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF-TEST ITEHS ON THE PROGRESS CHECK
CORRECTLY. “

-~
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3. The output of the reference series voltage regulator -stage is

~applied to the of Q8.

a. base
b. collector
C. emitter
4. The output voltage level of, the voltage comparator stage is controlled

(R
by and .

5. The output voltage frdm the callector of Q9 provides the input to
the ‘ of Q4.

a., emitter
- b. base
c. collector

6. The output gain of the Darlington amplifier represented by Q3 and

4 is the _ of the transistor's gain.
a. difference
sum

ratio
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There are two basic types of voltages regG?EZors,series and shunt. The
classiffcation of a requlator depends on how the regulator is connected
in the total circuit. " Series regulators are connected in series while
shunt type regulators are connected in parallel with the output load.
The illustrations in Figure 2 show the difference between the two types
of regulators in a simplified form.

O~ O—
. INPUT DC : b 'FIT DO
VOLTAGE : VOLTAGE

A"

O- ‘ : O

Figure 2

SERIES REGULATOR SHUNT REGULATORH

The regulating devices are shown as variable resistors although in
actual practice, the circuitry is more complex. As the theory of
regulation is developed and expanded the use of other components will
be explained. The variable resistor is used initially to acquaint you
with the concept of voltage regulation.

The schematic shown in Figure 3 illustrates the principle 6{ series voitage
regulation. In this case, the regulating device is connected so that the
output Toad current must pass through the regulator.

O -0

| |

UNREGULATED REGULATED
DC INPUT - DC QUTPUT

Y

. ' O- O—

Fiqure 3

SERIES TYPE REGULATOR

As you study the schematic you readily -understand that as the input voltage
increases©the outpust voltage also increases unless the reguldtor Rv compen-
sates for the -additional {increases in Some-way. 1his is exactly whal happens.
To compensate for the increased voltage input {1t is necessary to increase the
resistance of the regulating device Rv;
‘ 117 10
2,




NARRATIVE
Lesson 2

Transistor, Voltage and Current Regulators

You are alredady familiaor with methods used for rectifying, increasing,
and decreasing voltages. This lesson covers circuits which are designed
to requlate, or maintain, constant voltage and current outputs. These
circuits are called either voltage or current regulators, depending or
their purpose. Since many military electronic equipments require
preC1se unchanging voltage and current inputs, these special devices
are'often used in Navy equipments. Many of these devices' are designed

to maintain voltage or current outputs within plus or minus (+) 0.1%

0Of course, the actual tolerance depends on the type of circuit and 1ts
Crlthd]lty.

The diagram in Figure 1 pictorially shows the purpose of a voltage
requlator. Notice particularly that as shown, the regulator modifies,
or changes, the OC output by reducing the output ripple.

f'V"M"

) RECTIFIER ~ [ov - VOLTAGE
\_/ FILTER 'I REGULATOR

Figure 1
PURPOSE OF A VOLTAGE REGULATOR
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Zener provide sufficient regulation and/or current handling capability,
a different type of regulating device is required. The device which
provides good regulation and current handling capability is the transistor.

" Figure 5 shows the schematic for a typicai transistor series voltage
r_egLﬂ atoro
Q
4

—
e

19?3? 1
REGUL/TED L
:C :'J.PLH OA 1

A

ZENER .4
VOLTAGE

SERIES VOLTAGE REGULATOR

Not ice that instead of a variable resistor a transistor is used.

Q1 functions in much the same way that the variable resistor functioned.
The advantaga2, of course, is that the transistor responds almost
instantaneously to very small changes in input voltage or load.

Examine the schematic, paying particular attention to the voltages
shown, These voltages are used to help you understand how the regulator _
functions. Notice that the Zener diode CR1 is a 15 Volt Zener. Recall
that the ZePer maintains & constant voltage across it. This voltage is
used as a reference in transistor regulators. In this example, the
Zener provides the reference base voltage for Ql.

Since Q1 is a series dropping device, all current from the power

supply flows through it. Increases and decreases in the forward bias of

the transistor result in transistor resistance changes and thus cause
changes in <urient flow, With the 20 volt input shown and the 15 volt
Zener voltage, the regulated DC output remains at 14,3 volts. 4

When the input voltage increases there is a momentary increase in the output
voltage. At this time, the more positive voltage on the emitter of Ql causes
the forward bias of Q1 to decrease, causing an increase in the resistance

of Q1. 'The increased resistance produces a larger voltage drop across

the transfistor, thereby maintaining-a constant output voltage. Since

the transistor operates automatically, the change takes place in less

than a microsecond.

—

19 124
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The increased resistance results in a larger voltage drop across the
regulating device thercby causing the output voltage to remain constant.
If you have concluded that any decrease in the input voltage results in
a corresponding decrease in the resistance of the regulating device, Ry
you are correct. The decrease in resistance reduces the voltage drop
across the regulator and this causes the output voltage to remain
constant.

Fluctuations in input voltage are thus compensated for by the regulating
device. Increases and decreases in load current are also compensated

for by the regulating device. When the load current increases there is

a decrease in the resistance and voltage drop across voltage regulator
Rv. Because of the smaller voltage drop across Rv, the voltage drop
across RL remains almost constant. Spend a few moments studying the
schematic to make sure you understand how the regulating device functions.
As you do this, consider how Rv compensates when the load is decreased.

Figure 4 shows the schematic for a shunt type voltage regulator.

Notice that the regulating device is connected in parallel with the
load resistance RL. Because the regulating device RY 1s connected in
parallel with the load RL, the regulator and load share the same output

voitage.
re===1

o— AAA
R
S 1 Ry R
INPUT DC : L
VOLTAGE

° | SR |

Figure 4
SHUNT TYPE VOLTAGE REGULATOR

Any increase in the input voltage apears across the parallel combination -
of RL and Ry, causing a momentary increase in the output voltage. To
maintain the original output voltage, the resistance of the regulating
device Rv is reduced. Because the resistance of Rv is reduced, more
current flows through it. The increased voltage'drop across Rs reduces
the voltage drop across RL, thereby maintaining a constant voltage.

Now consider how the regulator functions when the input voltage decreases.
If you have concluded that a decrease in input voltage causes an

increase in the resistance of regulating device Rv, you are correct.

Make sure you fully understand this concept before you proceed further.

Although it is possible to compensate for voltage variations by using a
variable resistor, this type of regulator has limitations. A regulator
that operates continuously and automatically without external manipulation
is requirved. One such voltage regulating device is the Zener diode. .
Although the Zener is a better regulating device than the variable
resistor, it also has limitations. The primary limitation is limited
current handling capability. Because neither the variable resistor or

118 .
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The schematic in Figure 7 is éhat of a transistor shunt type voltage regulator.
Notice that the components of this circuit are identical with those of the
series regulator except for the addition of the fixed resistor Rs.

*

-
F } f
(3F2| . Qi
UNREGULATED 5V f__
DC INPUT \\ REGULATED
oV 0.7V
b*’ ’ l
FQI 5V

- TSy

WA =
< ’I
o
4,2

Figure 7

‘\?—
—
Tt

SHUNT TYPE VOLTAGE REGULATOR

As you study the schematic notice that series dropping resistor Rs is
connected in series with the output load resistance. Note also that
Zener diode CR! and current limiting resistor Rl function as a voltage
divider to provide a constant DC potential to the base-collector
Junction of Ql. Recall that one of the characteristics of 3 shunt type
voltage regulaior is that the regulating device is connected in parallel
with the Yoid resistance. Since Q! is connected in parallel with RL,
the regulater must be a shunt type.

The schematic shown shows a 10 volt unregulated input voltage. Since
the voltage drop across Zener diode CR! remains constant at 5 volts the
voltage drop across Rl will remain at 5 volts as long as the input -
voltage and the load current remain‘constant. In this example the
required output voltage is 5.7 volts. With the 10 volt input the
voltage drop across the serjes aiding resistor remains at 4.3 volts.
You have probably concluded that the voltage drop acrose this resistor
is the key to the total circuit operation and that as long as the input
voltage and load current remain constant, the voltage drop across Rs
remains constant at 4.3 volts.

Now consider how the regulating device operates to compensate for
‘changes in the input voltage. With an input voltage of 10.! volts the
output voltage momentarily increases to 5.8 volts. Because CR! and Rl
are connected Tn parallel with the load the increased voitage is also
reflected across Rl. Due to the increased voltage drop across Rl, the
forward bias of Q1 is increased slightly. This increase in forward
bias results in a decrease in the transistors resistance thereby
allowing more current to flow. Since the current must also flow
through Rs, there is an increase in this resistor's voltage drop. In
this case, the voltage drop across Rs becomes 4.4 volts., Simple

126
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Momentary decreases in input voltage result in temborany drops in
output voltage until the regulator compensates for the decrease. The
regulator compensates for the change almost instantaneously.

Any decrease in the input voltage increases the forward bias of transistor
Q1 {less positive voltage on emitter). The increased forward bias is
coupled with a decrease in the transistor resistance. Because of the
lower resistance, there is a smaller voltage drop across the transistor
and therefore the voltage drop across the load remains constant. Make
sure You understand how the regulator compensated for input voltage
variations before you continue with this lesson.-

The schematic shown in Figuré 6 is identical with the one Shown in
Figure 5 including the voltages. Refer to this Figure as you study the
explanation as to what happens when the load current changes.

1 ——

l A\ lh_ S
, | .
+ : «
R, ) f
oTv |
ot 43 v p

UNREGULATED ' REGULATED
DC INPUT CR) OUTPUT 1

e ad
A

20V L" ‘ SV ¥

.t

SERIES VOLTAGE REGULATOR

As Tong.as the load current and input voltage remain constant, the
output remains unchanged. Changes in the load current must also be
compensated for by the regulating device. When the load Current
increases, there is a smaller voltage drop across RL. This increases
the forward bias and reduces the resistance of the transistor. The
decreased transistor resistance results in a smaller voltage drop
across the transistor, and at the same time the voltage drop across RL
returns to normal. Since this happens almost instantaneously the change
is not visible on an oscilloscope screen or measurable with other test
equipment. Before proceeding further, consider how the regulator
compensates for & decrease in load current. A clear understanding will

help you understand the est of this lesson.
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This causes the voltage drop across Rs to return to its former state.
If you have concluded that the components react in the opposite way
when the load current decreased you are correct.

You have learned how basic seiries and shunt transistor voltage regulators
work and perhaps have wondered how regulation may be improved. A pictoral

- diagram of a circuit which produces a higher degree of regulation is shown
in Figure 9. This circuit makes use of a voltage comparator.

, . SERIES
o= RFGULATOR <+

v e — v ——

CORRECTION
SIGhAL *'.'"“}

UNREGULATED | REGULATED DC
. DC INPUT ) VOLTAGE OUTPUT

VOLTAGE COMPARATOR /4
CTION
| vour / P 2
- o T

Figure 9
SHUNT DETECTED SERIES REGULATOR

A thorough understanding of how the comparator works will enable You tO
understand how very precise voltage regulation is accomplished.

Notice that a voltage divider is connected in shunt, or parallel, with

the output of the voltage regulator. The divider is made up of Rl and R2.
Changes in the output voltage are detected at the junction of the two
resistors. A change in the regulated output is referred to as the error
signal. This voltage, or potential, is applied to the voltage compar-
ator. Examine the diagram and also note that a reference voltage ijs also
applied to the comparator. The purpose of the comparator is to compare the
error signal with the reference voltage and based on the comparison develop
an output voltage which is called the correctien signal. The correction
signal, or voltage, is applied to the base of the regulating transistor and
the transistor changes resistance to compensate for the increase or decrease
in autput voltage.
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mathematiﬁs-uilleEhvince you that this change assures an almost
constant output voltage of 5.7 volts (e.g. 10.1 - 4.4 = 5.7),

Again refer to the schematic shown in Figuré 7 and consider what
happens when the inpul voltage drops. Assume that the input voltage
drops to 9.9 volts. The voltage drop across Rl then becomes 4.9 volts.
Recall that the voltage drop across the Zener reMains constant at 5
volts and that the total voltage drop across the Zenmer and R1 is equal
to the input voltage. - Thus, the voltage drop across Rl changes to 4.9
volts. Of course, the output voltage also momentarily drops to 5.6
volts. a )

As the forward bias of Q1 decreases the current flow through the
transistor also decreases. This reduces the voltage drop across

Rs to 4.2 volts, thereby restoring the voltage drop across RL to 5.7
volts. This change is almost instantaneous and cannot be shown on an
oscilloscope or demonstrated with other standard test eguipment.

You may have wondered how the regulator compensates for changes in the
load current. Refer to the schematic shown in Figure 8. Notice it is
jdentical to the schematic shown in Figure 7 except for the voltage
drop shown across the series dropping resistor Rs. Recall that the
series dropping resistor is the key component of the shunt type voltage
regulating device.

f

UNREGULATED : S.7v
" DC INPUT REGULATED

oV OUTPUT /

Figure 8

SHUNT TYPE VOLTAGE REGULATOR

As the load current increases through RL, the voltage drop across the
series dropping resistor increases. This momentarily reduces the
output across RL and causes Q1 to compensate for the changes,

The increased voltage drop across Rs, causes a reduction in the forward
bias of the transistor, thereby increasing the transistor's resistance.
The increased transistor resistance reduces the amount of current that
flows through the transistor by the same amount that the load current

increased. Thus, the final current through RS remains almost unchanged.

122 *
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This is shown in the schematic as a voltmeter with no reading and means
that the circuit shown is balanced and has no output. Variations in the
error voltage affect the entire circuit. A positive error signal results
in an increase in the forward bias of Q2 and a decrease in the resistance of
the transistor. The smaller resistance allows more current to flow through
R2, which decreases the voltage at the collector of Q2. Simultaneous with
~this there is an increase in the current flow through R3. This reduces the
forward bias of Q1 and the collector current of the transistor. The decline
in collector current at Q1 is offset by an increase in its collector voltage.
Thus, we see that the collector voltages of Q! and Q2 are 180°out-of-phase
with each other. Therefore when the collector voltage of Q2 is more positive,
- the collector voltage .f J1 is 1cis positive. You can readily understand
this when you substitute numerical values. For example, with an error
signal of + 1 volt the collec.ur vultage of Q2 may be 2.5 volts less positive
‘and the collector voltage of Q1 2.5 volts more positive, providing a source
of negative and positive corrcction signals.

=
Again, consider the schematic and consider how a negative error signal
‘affects the various circuit components and how the comparator compensates
for such a change. Because you already understand what happens when a .
positive signal occurs, reverse logic will enable you to understand what
happens when a negative error signal is produced. Substituting mathematical
values, including transistor gains, will help you understand. Rememher,
Ql and Q2 are identical with equal out-of-phase collector voltages.

£
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The schematic shown in Figure 10 is a voltage comparator that is Eért of a
shunt detected series voltage regulator,

~
—3

REFERENCE =

' voLTS VOLTAGE

Figure 10
VOLTAGE COMPARATOR

Operation of the comparator will be explained fir:.. Identical transistors,
Q1 and Q2, and load resistors R1 and R2, are used with a common emitter
resistor R3 to form the balanced circuit. The circuit shown is often called
a differential amplifier, because it amplifies the difference between the
inputs to QI and QZ. ,

L
Notice that a reference voltage . of 10 volts is applied to the base of

Q1 and that in this example an identical voltage is applied to the base of
Q2. The difference in the input voltages to the base of Q1 and Q2 is
referred to as the error Ssignal. As Tong as the voltage applied to the

base of Q1 and Q2 are identical, the potential between collectors of the two
transistors stays at zero. . '
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The schematic shown in Figure 12 is that of a Darlington type amplifier.

This type of amplifier has the advantage of high input impedance and high
gain. Notice the triangular symbol in the upper right hand corner of the
schematic. The symbol is the Greek letter delta (4) and it is used to desig-
nate changes.

4 Vee

A380 ma. A = deltq

OUTPUT
INPUT

4 400ma.
4 Imo.

400

Total Current Gain =

4 = 400 ma. = QUTPUT

Figure 12
DARLINGTON AMPLIFIER

As you study the schematic notice that the emitter of QI is connected to the
base of Q2. The enmitter output current of Ql is therefore*the base current
of Qz.° This type of circuit results in a current gain whith is the product
of the current gain of the individual transistors. .

Since both transistors shown have a gain of 20, an input of 1 milliampere

at the base of Q1 Will result in a 400 mllliampere output from the emitter
of Q2. -Of course, the output of the Darlington type amplifier is dependent
on the ampllflcation factor of each of the transistors. Transistors a.e .
available with a variety of gains and gains in excess of 100 are comnon, -
The advantage of the Darlington amplifier is readily apparent.
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"Refer to the schematic shown in Figure 11 and notice a series regulator,
Q3, and two additional resistors have been added to the comparator circuit.
R4 and R6 combine with R5 to form a voltage divider across the output

terminals of the supply. The wiper of RS will control the power supply
output voltage level. :

. ?4_
. Rg -

UNREGULATED ' “ : REGULATED
0C INPUT DC OUTPUT

CORRE
SIGNAL

ERROR
SIGNAL

REFERENCE j R

»

="VOLTAGE 3
T 3

Figure 11
SHUNT DETECTED §ERIES REGULATOR

Any change in the regulated output voltage is sensed at the wiper arm of
R5 as an error signal, which is applied to the base of Q2. This causes an
increase or decrease in the base voltage of Q2 depending on whether the
error voltage is greater or less than the reference voltage. The forward

bi?s=of the transistor increases or decreases, depending on the error
voltage.

The resistance of Q2 increases oF decreases based on the voltage applied
to the transistor base. This aftion causes the polarity of the correction
voltage to La out-of-phase with the error signal. The correction voltage
affects the forward bias of Q3 to compensate for load current or input
voltage changes. The comparator c¢circuit thus provides a high degree of

sensitivity to signal change and thereby eliminates changes in the output
voltage.
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You are familiar with voltage regulators and understand how they operate to
provide constant output vditades. It may have occurred to you that in some
cases it is both necessary and desirable to regulate-current. The circuits
which provide current regulation are called current regulators. Of course,
when current regulation is accomplished there is a loss of voltage regulation.
If you have deduced that current regulation is similar to voltage regulation
you are correct. ‘

Figure 14
CURRENT REGULATOR

Except for the addition of Rl, the circuit shown in Figure 14 is similar to
a series voltage regulator. Rl is connected in series with the 1oad resistance
and senses current changes.

Notice the voltage drop indicated across Rl and the resultant negative
polarity affecting the emitter of Ql. This negative voltage tends to
decrease the forward bias on the transistor. Because the regulated voltage
across the Zener has an opposite polarity, the actual bias of the transistor
is the difference between the two voltages. Resistor R2 functions as the
usual ‘current Timiting resistor for Zener diode CR1.
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" Since you understand how voltage regu]atOrs, voltage comparators, and the -
Darlington type amplifier operate, it is easy to understand how these
circuits are combined to regqulate voltage and current outputs. .

The schematic shmvn in Figure 13 is that of a Shunt Detected Series Requlator
which uses both a voltaye comparator am! Darlington amplifier.

-

A

+0 . ¢

UNREGULATED © REGULATED
0C INPUT +="SIGNAL 0C OUTPUT

= REFERENCE
I VOLTAGE

Figure 13
SHUNT DETECTED SERIES REGULATOR

Notice that 03 and Q4 make up the Darhngton amplifier and that the emitter
output of Q4 is applied to the base of Q3. Recall how this results ina
high current gain and that this gain is the product of the current gains of
the two transistors.

When the DC input increases, a positive error voltage is profucesd at the:
base of 2, which is part of the comparator circuit. Bes:,.te <te cqllector
voltage of Q2 is out of phase with the base, it appears 33 & nejetise
correction’ signal at the base of (4. :

This causes a decrease in the forward bias of Q4 and results in a smaller
base current for Q3 and an increase in the resistance of Q3. Due to the

increased resistance there is a greater voltage drop across Q3 which cornpen-
sates for the increased input voltage.

128

135




Narrative . - ‘ Thirty-2

-

The decrease in the transistor’s forward bias .results in a change in the
transistor's resistance.. The transistor resistance is now 14 ohms. Notice that
the 5 ohm increase in transistor resistance corresponds to the 5 ohm decrease
in load resistance. Therefore, the total resistance around the outside loop
of the circuit remains constant. :

Because the circuit is a current requlator, the voltage output varies as the
regulator maintains a constant current output. In the example shown the .
output voltage is reduced to 4 volts computed as follows: E=IR (400 ma. X 10
ohms = 4 volts). At this time you should again refer to the schematic in
Figure 15 and consider the effect of an increase in load resistance.

You know that circuit breakers and fuses of fer some protection to components
when circuits are overloaded. Unfortunately, their response time is not rapid
enough to prevent damage to delicate semi-conductor junctions and components.
For this reason a sensitive, more responsive circuit is required. The circuit
which provides protection from current' overloads is called a current limiter.

Figure 16 is a simplified schematic for a current limiter. The purpose of the
Timiter is to protect components against current overload. .If you have
concluded that the current limiter circuit is almost identical with a current ~
regulator, you are correct. The one basic difference is the size, or value,

of the series resistor. ) .

LY

+ +Rj -

T | %ﬁ A wg;%'

I3 vOLTS
b

- DC INPUT 1=

R2 .

-
o

Figure 16
SIMPLE CURRENT LIMITER

The resistor which is used in the current limiter has a smaller resistance
value than the cyrrent regulator resistor. In order for the current limiter
to work, a reference voltage must be provided. For simplicity the reference
voltage circuit is depicted as a box in the schematic. If you are unable to
recall circuitry which provides a reference voitage refer to other parts of
this lesson or the programmed instruction.
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The schematic shown in Figure 15 is identical with the schematic shown

in Figure 14 except voltage, resistance and current values are shown,

The values are shown to help you understand how the regulator works and are
referred to in the narrative which follows.

2.4V |
[ h Rai= 9n
+ &y o
6N —
'
6V A
o+ et | eV
12 VOLTS CR +
DS INPUT - 3y 5ASRL
+
Rp

-—

Figure 15
CURRENT REGULATOR

Notice that the voltage drop across the base-emitter of Q1 is 0.6 volt.

This voltage is the difference between the Zener voltage and the voltage
drop across Rl. The voltage drop across RL is 6 volts. The regulated
current output with the values shown is 400 ma. This can be readily proved
by substituting the given values in Ohms Law. In this case the load current
(I} is equal to the outerloop voltage drop {E}, divided by the -output Yoop
resistance (R). Therefore: 12 30 = 0.4 amperes or 400 milliamperes.

Again refer to Figure 15 as you read the explanation concerning the operation
of the regulator. Recall that any decrease in load resistance causes a
corresponding increase in current flow. Assume that the load resistance RL
has dropped from 15 ohms- to 10 ohms.. This results in a greater voltage drop
across R1, due to the increased current flow. The voltage drop across Ri is
now 2.5 volts. Of course, the voltage drop across the Zener remains constant
at 3 volts due to its regulating ability. Because of the increased voltage
drop the forward bias of Ql is now reduced to 0,5 volt.
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Notice the part of the circuit designated as the Shunt Voltage Regulator.
The function of this part of the total circuit is to convert, or change, the
unregulated DC input voltage to a reference voltage. Note that a variable
potentimeter determines the reference voltage and indirectly determines the
current limiting level.

The circuit on the right hand side of the schematic is also one which you are
familiar with - the Oarlington amplifier. Remember the output of this type
amplifier is the product of the gain of the individual transistors.

The addition of R2 is necessary in order for the limiter to operate.

The purpose of this resistor is to sense the load and convert it to a
voltage drop for control of th~ Darlington Amplifier. Based on a reference
voltage of 3 volts, the operation of the Tlimiter is now explained.

With a voltage drop of 2.4 volts across R2, the Toad current is approximately
1.6 amperes. With these values Q1 and Q2 have a potential of 0.3 across
their base-emitter junctions. This forward bias is small enough to cause

the resistance of the transistors to increase, thereby reducing the output
voltage. This Timits the current output to 1.6 amperes. Notice that

the current OUtput lTevel may be changed by adjusting the current limiting
resistor R5.

You should now be familiar with circuits which are used to regulate, or
control, voltage and current outputs. As you complete the Job Program for
‘this Tesson you will work with the NIDA Model 201 Power-Supply Trainer. The
circuits used in this trainer combine all the regulation circuits you have
studied. As you become familiar with the NIDA equipment you will better
understand how the regulation devices operate together to accomplish complete
regulation.

YOU NOW HAVE COMPLETED THE NARRATIVE FOR LESSON 2, MODULE 30. CONGRATULATIONS!
AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW CF THE PROGRESS CHECKQUESTIONS, 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 7O UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
ANO USE ANOTHER WRITTEN MEOIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF
APPLICABLE), GR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Figure 16
SIMPLE CURRENT LIMITER

Notice that the reference voltage shown is 3 volts. This voltage and the
voltage drop across Rl determine the forward bias of Q1 and ultimatkly the
total output voltage. Normally, Q! is heavily forward biased, and saturated.
Since the total load current passes through Rl, the voltage drop across the
resistor is a direct indication of the Toad current. When the load ‘current
increases there is a corresponding increase in the volitage drop across Rl.
When the current Timit point is reached, the increase in voltage across Rl
reduces the forward bias of Ql. The resultant increase in the transistor's
resistance causes a decrease in the output voltage and current.
The schematic shown in"Figure 17 shows how the current limiter is used in an
actual ¢ircuit. When you study the schematic you see that the ¢ircuit is in
fact made up of two circuits which you are already familiar with and understand.
Each of the circuits and their contribution to current Timiting are now

g

L

discussed. - {
: SKUAT WLIE RESOLOTR_ N - OARLINGTON AMPUFIER_ _ _ .

L o G —MA—— O+

1 { | :

! . 1.5n
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Figure 17

CURRENT LIMITER CIRCUIT
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OVERVIEW
LESSON 3

SCR Power Supply Circuits

In this Tesson you will Tearn about Silicon Controlled Rectifier (SCR) power
supply circuits and their application. You will learn how these circhits
operate to control and provide high value DC current outputs. You will also
Iearniuhy SCR power supplies are more efficient than other types of power
supplies.

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

30.3.50 When the student completes this Tesson (s)he will be able to
. IDENTIFY the schematic diaqrams, component functions, and operational
principles of SCR power supply circuits, including the relationship
between the conduction time of an SCR and the DC output voltage.
100% accuracy is required. ;

ENABLING OBJECTIVES
When the student completes this lesson; {(s)he will be able to:

30.3.50.1 IDENTIFY the operating characteristics of a silicon controlled
rectifier (SCR), including the conditions controlling the start,
duration , and stop time of SCR conduction, by selecting the
cerrect statement from @ choice of four. 100% accuracy is
required.

30.3.50.2 IDENTIFY the advantages of SCR power supplies by selecting the
correct set of their characteristics from a choice of four. 100%

accuracy 1t required.

30.3.50.3 IDENTIFY the schematic diagrams of full-wave, half-wave and
: bridge type SCR Power supplies by selecting the correct name or
diagram from a cheice of four. 100% accuracy is required.

30.3.50.4 [IDENTIFY the function of components and circuit operation (including
their control of SCR conduction time) in full-wave, half-wave,
“and pbridge-type SCR power supplies by selecting the correct
~ statement from a choice of four. 100% accuracy is required.
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LIST OF STUDY RESOURCES
LESSON 3

SILICON CONTROLLEN RECTIFIER THEORY

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

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

Student's Guide:

Sunmary
Progress Check

Enrichment Material(s):

NAVSHIPS 0967-000-0120 "Electronic Circuits", Electronics Installation
" and Maintenance Book (EIMB), Naval Ship Engineering Center, Washington,
D.C.: U.S. Government Printing Office 1965.

YOU MAY USE ANY, OF ALL, RISC'IRCLS 115100 ABOVE, INCIUDING THE LEARNING
CENTER INSTRUCTOR; HOWEVER, ALL MATIRTAI'S | ISTED ART NOT NFCLSSARILY RFQUIRFD
TO ACHIEVE LESSON OBJECTIVES. T PROGRTSS CHECK MAY BE TAKEN AT ANY TIMF. -
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Overview
OVERVIEMW

30.3.50.5 IDENTIFY the relationship between SCR conduction time and the *
anount of DC output voltage in full-wave, half-wave and bridge
type SCR power supplies by selecting the correct explanation from
a choice of four. 100% accuracy is required.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNINR NBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE MEXT PAGE.
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The difference between the diode and the SCR is that even when the SCR

is forward biased, it will not conduct until an adequate positive voltage
is applied to its gate. Of course once conducting, it behaves like a
diode and continues to corduct until the forward bias is removed or a re-
verse bias is applied. This gate voltage may be momentary, since

a continuous gate voltage is not required to assure ccntinued current
flow. If you have difficulty understanding the concept of SCR gating
please refer back to Module 25 or study an alternate form of this lesson.

Since the gate has turn-on capability only when the SCR is forward

biased, once the SCR is conducting the gate no longer has control over the
SCR regardless of the gate potential. The SCR is turned off only when it
it is reverse biased and the gate has no effect. ‘

The schematics shown in Figure 2 are for a half-wave diode power supply
and a half-wave SCR power supply.

»
.
WPUT
Figure 2 .
‘HALF-WAVE DIOQDE HALF-WAVE SCR
POWER SUPPLY ' POWER SUPPLY

'(UNFILTERED) (UNFILTERED)

. The SCR power supply is similar to the ordinary diode poser supply

which you have studied previously. The only difference is that SCRs are
used instead of diodes and the SCRs have the capability of controlling the
conduction time and the amount of current which ultimately reaches the
filter and Yoad. Study the schematics and notice that even though they

- are essentially identical, several additional components have been added
to the SCR power supply. These components, consisting of RI, R2, and

- CR1, are used to trigger or turn on the SCRs.
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SUMMARY
LESSON 3

SCR_Power Supply Circuits

A power supply which provides a maximum amount of power ocutput is required
for some transmitters, receivers, computers, radar systems and other
electronic equipments. The power supply which provides this high current
output with a minimum internal power loss is the silcon controlled rectifier
(SCR} type power supply.

The symbols for a regular diode and an SCR are shown in Figure 1.
These Symbols are provided to help you understand the difference between
the two components.

h

+ ANODE @cm-uoos - + ANODE M CATHODE -
| GATE + |
‘ }

CURRENT FLOW CURRENT FLOW
. ' . .

SCR ~ DIODE

Figure 1
SCHEMATIC SYMBOLS

Both the diode and SCR have a cathode and an anode. However, the SCR has
an additional element which is called the gate. The gate provides the
triggering or turn-on capability for the SCR.

You already know that neither the diode nor the SCR conduct when they are
reversed biased, and therefore block current flow through other components
which are COnnected in series with them.




Summary

Figure 4 shows the schematic for a half-wave SCR power supply.

b,

CUTPUT

Figure 4
UNFILTERED SCR HALF-WAVE POWER SUPPLY

’
Rl1, R2 and CR! make up a half-wave gating network for the SCR power
.-supply. SCR1 and RL are the half-wave SCR components.

Recall that an SCR will not conduct unless it is forward biased and a
positive potential is applied to its gate. Therefore current flows through
Rl and R2 only when terminal A of Tl is positive. At this time CRl is
forward biased. When terminal A becomes negative CRl is reverse biased and
current does not flow. Voltage is developed across R2 only during the
positive half cycle and the gate triggers the SCR at this time. This means
that SCR current can only flow during the positive cycle. -

The waveforms shown immediatery to the right of the schematic indicate
the cutput of the POwer suppiy during positive alternations. Trace the
current .flow and make sure you understand how this half-wave SCR supply
rectifier operates before proceeding further. '

Since the gate voltage is dependent on the voltage divider, the firing
time of the SCR may be changed by changing the value of the voltage
divider resistors. For example, if the resistance of R2 is increased,

the gate voltage trigger level on the SCR will be reached sooner,
resulting in an earlier SCR turn on. This causes the SCR to conduct for a
longer period of time before the positive alternation -ends and the SCR
again becomes reverse biased. Thus, the output voltage is variable

by moking R2 a variable resistor.

!
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The waveforms shown in Figure 3 show pictorially how the SCR operates
with an AC input.

INPUT SIGNAL OV

TRIGGER
ON THE GATE

Ov

U

I
} "
[ |
] |
! I
| i
| '

ouTPUT

Figure 3
SCR. TIMING WAVEFORMS

Notice that as Tong as the input signal is negative, current cannot

flow and consequently there is no output. Even when the input signal
becomes positive and the SCR is forward biased, the SCR will not conduct
until a positive trigger voltage is applied to the SCR gate. This
voitage must equal or exceed the gate or trigger voltage rating of the
SCR. SCRs with different trigger” voltage ratings are available. Make
sure you understand the waveforms shown and the time the SCR conducts and
when 1t stops conducting, before proceeding further with this Tesson.

&1though half-wave SCR power supplies are seldom used, an understanding
of their operation will help you understand how the ful]-wave SCR power
supply operates. N
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Thus far the explanation has been concerned with one-half of a full-wave
SCR rectifier. The schematic shown in Figure 6 represents a full-wave
SCR rectifier. Recall that the advantage of full-wave rectification is
an output which has twice as many pulses and is therefore easier to
filter. The gating networks for the SCRs are shown in shaded blocks.

GATE
" NETWORK

Figure 6
FULL-WAYE SCi POWER SUPPLY

Waveforms showr in Figure 7 illustrate the output of the full-wave SCR
rectifier during two complete input cycles. Study the waveforms and
schematic shown in Figures 6 and 7 in order to make sure that you understand
how the fuli-wave SCR power supply operates.

\/

CURRENT pPULSE
SCh1 ov
(VOLTAGE ACROSS RL)

CUARENT PULSE

8SCR2 ov
{VOLTAGE ACROSS RL)

CURRENT P’ .SES r\ m .
BOTH SCR's OV 1 -

(TOTAL VOLTAGE ACROSS RL)

Figure 7

FULL-WAVE SCR RECTIFIER WAVEFORMS
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Waveforms shown in ligure 5 illustrate the effect of different resistance
values of R2 and the corresponding output of the SCR. Note particularly that
a large value of K2 results in an earlier firing time and that the qate
potent1al and the output is only present during the positive input cycle.

This is shown by the two waveforms immediately below the input waveform.

Study the other waveforms to make sure you understand what happens when R2

has a small value, and 2 filter is added to the output.

CUTFUT wiTw TR TEA
CENCAET ADDED
LA RT)

Figuré 5
HALF-WAVE SCR WAVEFORMS
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The addition of filter components to any of the SCR power Supply circuits
will provide a smooth DC output voltage, instead of the pulsating voltage
shown on many of the output waveforms. Circuit operation remains the
same.

AT THIS POINT, YOU MAY TAKE THE 1ESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YGU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECKX QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAME 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 CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Full-wave SCR power supplies, like full-wave diode power supplies, require a
center tapped transformer secondary, and therefore, only half of the
transformers secondary potential is utilized at any given time. In order
to make full use of the secondary voltage an SCR bridge power supply may

be used.

-In many respectS the SCR brrdge power supply is identical to a regular
bridge diode power supply. The schematics shown in Figure 8 should
-acquaint you with the similarities of the two types of power supplies.

Figure 8
STANDARD DIODE BRIDGE. SCR BRIDGE POWER SUPPLY

Notice particularly that the only difference between the two schematics

is that the SCR bridge power supply uses two SCRS and 9ating or triggering
networks. Also notice that the SCRs are connected so that one of the SCRs
is always in series with the load. Stated in simpler terms, one of the SCRs
always controls the load current. It may be advantageous if you trace
around the circuit and familiarize yourself with the concept that SCRI 1s

in sertes with CR4 and SCR2 is in series with CR3.

When terminal A of Tl is positive, CR1, CR3 and SCR2 are forward biased.
This also causes current to flow from terminal B of T1, through R2, CRl, Rl
and back to terminal A. No additional current flows at this time due to the
fact that SCR2 has pot been gated or triggered. When the voltage drop
across R2 reaches the firing potential for SCR2, the SCR conducts and
current flows from terminal B through.SCR2 to ground. The current path to
terminal A is thereby completed from ground on the bottom of RL through CR3.
This current path exists until the polarity of the voitage across the
secondary reverses. When terminal A is negative with respect to termipal B,
the actidn is similar. This secondary voltage polarity will forward bias
SCR1, CR4 &¢nd CR2. Trace the current paths for this alternation to be sure

you understand the SCR bridge power Supply.




c. high current with low power loss

(::) The symbol shown in Figure 1 is that of an SCR. In addition to the symbol
“for an SCR, the symbol for a regular diode is also shown. This is to help you
understand the difference between the two components. The-additional element

of the SCR is called a gate. The gate is uysed to trigger operation of the

SCR. This will pe discussed in greater Hgtail in subsequent frames.

CURRENT FLOW CURRENT FLOW
«— —

+ ANODE m CATHODE - + ANODE H CATHODE -
GATE + : .

SCR DIODE

Figure 1

The element which triggers an SCR is called 2

i e W e e e O T e e S W e T e B A B e S e i i U e Py W o W e S i e sy O e A e

gate

Besides the advanta_ge of Tow power consumption, SCR power supplies have
the ability to vary conduction time and therefore the amount of current that
reaches the filter and load. Whenever the SCR conducts, its resistance is very

dow and, Aheretare, there by a Himdted amomt ol power Joss §n the SCRS,
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PROGRAMMED INSTRUCTION
o ‘ ‘ LESSON 3

§EE'Power Sugplx Circuits

TEST FRAMES ARE 6, 1D, 17, 20, AND 28. PROCEED TD TEST FRAME 6 AND SEE IF YOU
PR CAN ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

- (::) In Lesson 2 you Tearned how regulators function to maintain constant
voltage and current outputs. You undoubtedly recall that resistors and
transistors were used as voltage dropping devices in these circuits and that
these voitage dropping devices consume power. Because these véltage dropping
devices consume power, less power is available for the circuit Toad. In other
words the power consumeﬁfby the voltage dropping device is mot available to
the equipment load an¢ .s therefore wasted power that appears as heat.

You already know that some transmitters, receivers, computers, radar systems,.
electric welding equipment and battery chargyers have high power requirements.
It is therefore desirable to have some means whereby a maximum amount of power
can be provided with aipinimum of internal loss. The perr supply which
provides high current output with a m{nimum of power loss uses a Silicon Con-
trolled Rectifier or SCR. The SCR power supply circuit has the advantage of

high current output and minimum internal power loss.

The main advantage(s) of an SCR power supply is/are:
a. higher voltage ﬁutput »
b. greater loadd resistance
c. high current with Tow power loss

d. voltage doubling and current regulation
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@ Once a forward biased SCR has been triggered by the application of a
pos itive t,ri*ggerir'ng voltage at the gate, the SCR m']]- continue to conduct

‘even if the gate voltage is removed. -The SCR will conduct until the forward

bias between the anode and cathode is removed or a reverse bias is applied.!

A fom'ard‘.biased SCR will continue to.conduct until
the gate signal is removed
a negative voltage is applied to the gate
Ithe forward bi‘as is removed or a reverse bias appliec_l

the gate voltage exceeds the SCRs forward bias

0 e A e S e s R s S -

the forward bias is removed or a reverse bias applied
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The amount of time that an SCR conducts may be .

A P T A A AT S Ll oL S e Ay e e g e s M

varied

Although SCRs are often used to control alternating current they can also
be used to control direct cﬁrrent. The gate signal may be AC or DC providing
that the gate voltage is large enough to trigger the SCR into a conducting
state. SCRs are available with different triggering or gate voltages.

Though in some respects the SCR is identical to a standard diode, there are

some significant differences. Neither the diode nor the SCR will conduct when

they “4re reverse biased. In other words they block curent flow through

components that are connected in series with them. ' l

The main difference between the diode and the SCR is that a forward biased

SCR will not conduct until a positive vbitage is applied to the SCR gate

terminal. The positive gate voltage may be momentary since a continuous gate
vo]taée is not required to assure current flow in the SCR. Of course once
conducting, the SCR will continue to conduct until forward bias is removed or 6

a reverse bias is applied.

A forward biased SCR conducts whenevar an adequate*‘
a. negative vd]tage is apqlied_to the gate
b. positive voltage is applied to the gate
c. positive fo]tage i; applied to the cathode , -

d. negative voltage is applied to the cathode

- - - g T g A Ay A M P e S e -

"b. positive voltage 1s appiied to the gate
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‘ 1. a. 3
b. 1
c. 2

2. d. forward biased and an adequate sitive signal applied t0 the
gate

3. a. thz forward tias of the SCR is r..oved

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST FRAME 10.
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING
TEST FRAME & AGAIN.

@ SCR power supplies are very similar to ordinary diode rower supplies which

you have studied previocusly. The full-wave SCR power supply differs from a
full-wave dicde power supply only in the respect th;t SCRs are used instead of
diodes and the SCR has the,capabi]it} of being able to contrel the conduction
time and theramount of current which ultimately reaches the filter and load.
Figure 3 shows the schematics for a full-wave SCR power supply and a full-wave

diode power supply.

NETWORK
Figure 3

FULL WAVLC SCR _ FULL WAVE DIODE
POWER SUPPLY , 157 POWER SUPPLY
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THIS 1S A TEST FRAME. - COMPLETE THY TEST QUESTIONS AND COMPARE YOUR

| ANSWERS WITH TME CURRLCI ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE
TEST QUESTIONS.  REFEK 10 THE SCHEMATIC SYMBOLS SHOWN IN FIGURE 2 IN ORDER TO
ANSWER QUESTIONS 1 THROUGH 3.

..__h!\

Figure 2

1. Which number identifies the SCR {(2) anode {b) cathode
(c) ogate ?
2. The SCR will conduct when it is .y

a. forward biased and an adequate negative éigna? is applied to the
gate

b. forward biased and an adequate negative signal js applied on the
cathode

not biased and there is a positive signal on the gate

forward biased and an adequate positive signal is applied to the
gate - :

SCR will stop conducting whenever

the forward bias of the SCR is removed
-the gate signal s removed

a negative signal is applied to the gate

the gate signal is increasq:

COMPARE YOUR ANSWERS TO THE CORRECT ANSWERS GIVEN ON THE NEXT PAGE.
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Study the waveforms shown in Figure 4. These waveforms depict pictorially
how the SCR operates.

T2

1

INPUT SIGNAL OV

TRIGGER
ON THE GATE

.
L

OUTPUT

SCR TIMING WAVEFORMS

The waveform at the top of the figure shows the AC input ﬁgﬂ— As m‘tl; an
sine w;ves, the input changes from positive to negative in relation to fthe

zero volt reference.’ Recall that current flows through an SCR only 3hen fhe
SCR is forward biased and after the SCR is triggered by a positive voltage on
the gaf:e. Remeniber that SCR gate voltages may vary and that SCRs are avail-
able w‘ith different triggering voltages. The middle Qav.;.fonh in Figure 4 is
that of the trigger or gate, and finally the wavefd.nu shown at the hotfnm s

for the autpul.  An understanding o! the Interrelationship of these waveforms

will help you understand how the SCR reclifier operates.

| . 159
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%
]

Notice that the schematics are essentially identical except additional compon-

ents have been added to the SCR power supply. SCR 1 and 2 are used in
place of the 2 diodes, CR5 and CR6. Two gating networks consisting of R1,
R2, R3, R4, CR1 and CR2 are used to trigger the SCRs. Thic will bé discussed

in greater detail in subsequent frames.

Components which perform the same basic function as CR5 and CR6 in the full-wave

SCR power supply are

SCRY and SCRZ or vice versa




T1 T2

INPUT SIGNAL OV

- e degs | s s— —

TRIGGER
ON THE GATE

o

CUTPUT

SCR TIMING WAVEFORMS

Refer to the waveforms showh in Figure 4 to answer the following question.
The SCR will provide an nﬁtput again at time frame

a. T6

b.. T7

¢c. T5 o

None of the above
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""""  The wavefoms shown in Figure 4 show that as long as the input signal is
mgative, no current flows and consequéntly there is no output. Even when the
input signal becomes POsitive and the SCR is forward biased, the SCR will not
conduct until a pdsitive trigger voltage is applied to the SCR gate. Tais

voltage must equal or exceed the gate or trigger voltage rating of the SCR.

Agair refer to the waveforms in Figure 4. Notice tra® the trigger -voltage on
the gate reaches maximum dwr-ing time sequerce T4. Since the SCR is forward
bia_sed. it conducts until the forward bias is removed or 2 reverse bias is
applied. -
Notice that the output commenced immediately when the trigger voltage on the
gate reached the trigger level and that even though the gate voltage rev;arsed
polarity, the SCR continues to conduct until the forward bias reaches zero or;
the SCR is reverse biased. Study tne vaveforms shown in the Figure to make
su;'e you under_stand how the gate trig_gered i:he SCR and the relafionsh'lp
between the input signal and output signal. This is al_asolutely essential ;to

enable you to understand how the SCR power supply works.

ks
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(EE) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR

" ANSWERS WITH THE CORRECT ANSWERS SIVEN AT THE TNP OF THE PAGE FOLLOWING THE
TL ST QUESTIONY.
1. Once the ST2 conducts it will continue to-conduct until
a. the gate voitage changes to “turn of f" the SCR
b. the gate voltage exceeds the forward bias of the SCR
€. tha SCR is revers=d Liased
a. the gate voltage Jrops to zere
The gate of an SCR has the capability of turning the SCR
a. "on" and "off" regardless of the bias of the SCR
b. "on" when the SCR is forward biased

¢. "on" or "off" depending upon the gate voltage

/""—H‘H

d. "off" when it is reversé-BiSEEd
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_____ ‘ Recal) that a positive voltage on the gate, when the SCR is forward

‘biased, allows current to flow. In effect the gate has start up contro! over

the SCR. Once the SCR begins conducting, the qate loses all contrel. The .SFR
continues to conduct until the SCR forward bias !¢ remyved or a reverse bias

is applied. Once the gate triggers %h>» SCR, control is lost uﬁtﬂ the SCR goes
through the ceaplete cycle of being reversed biased and once adain becomes
forward biased. At this time the gate again has control. Stated quite simply
this means that the gate gﬂxkiws 3 "turn on" capability.

“he gate of a §ilicon controlled rectifier has control only when the SCR is
3. reversed biased and the gate voltage is positive
b. forward biased and the gate voltage is negative .

€. reverse biased and the gate voltage is both negative and greater than , l
the bias of the SCR -~

d. forward bia-sed and the gate voltage is positive

M e S ke i A e A e e S e e A A e A e e e e Y e e e e e A e e i e e e e e e e S M e e e e

d. forword biased and the gate voltage is positive
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Compare your answers to the correct answers below.

c. the SCR is reverse biased

b. "on" when the SCR is forward biased
b. ' T4 |

d. T5

c. T4 and T7

IF "YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 17 OTHERWISE
GO BiTK TO FRAME 7 AND TAKE THE PROGRAM SEQUENCE BEFORE TAKING TEST FRAME 10
AGAIN. '

(::) Although half-wave SCR power supplies are seldom used, due to the diffi-

culty of filtering the output, examination of the half-wave SCR power supply
will help you to understand how the full-wave SCR power supply operates. The
schematic shown in figure 6 is that of one-half of a full-wave SCR power

supply.

AWANE
AVARY,

Iiqure O

HALF-WAVE SCR POWL.. SUPPLY

181 165
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STUDY THE WAVEFORMS SHOMWN IN FIGURE & 1N ORDER TO ANSWER QUESTIONS 3, 4 AND 5.

. T T2 76 T7

ANPUT SIGNAL OV

TRIGGER
ON THE GATE

Figure §
3. The SCR will begin to conduct at time
| Tl |
T4
T6 _
T2 and T3
Once the SCR has been triggered it will contique to conduct until time
frame
a. 13
be T4
c. 16
d. TS ‘
The SCR will conduct starting with time fri&és
a. T and TS -
b. T2 and T6
c. T4 and T7
d. Tl and T6
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Using Figure 8 as a reference and assuming that Rl and R2 are equal, when the
peak voltage of terminal A is 100 volts, what is the waveform present at the

top of R2 through two complete cycles?

BWANWAN WAVAV,

100V —
e d.
IWAWAN "N \J
% b. 50V—

Figure 8

(::) Recall that once an SCR is forward biased it conducts, when a positive

voltage js applied to the gate. In other words, the gate fires the SCR.
Remember als¢ that once the SCR starts to conduct it continues to conduct as
long as it remains forward biased. Study the schematic shown in Figure 9 and
notice that the SCR is forward biased during each positive alternation, when

"terminal A is positive with respect to terminal B.

CUTPUT

Figure 9

HAL | WAV SCRPOWER SUPPLY
163
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The gating network for this power supply is made up of Rl, RZ, and CRl. If

you do not recall how half-wave recLifiers operale using reqular diodes,

refer back Lo the lessons concerniny h#ii-wavv rectitiers. When terminal A

of Tl is positive, CRl is forward biased; therefore, current is allowed to e
flow through Rl and R2. During the second half of the input cycle when

terminal A is negative, (Rl {s reverse biased and no current is allowed to

flow through the resistors. Voltage {s developed across R2 only during the

positive half cycle. This voltage ig applied to the gate of the SCR and

triggers the SCR. .

During the negative input cycle when termninal A of Tl becomes negative, CRl is
(reverse/forward) biased and (will/will not) allow current to

flow through Rl and R2.

- e e e e e e e A ol e e e e S e e Al -

reverse, will not

(::) Again refer to the schematic shown in Figure 6. When R1 and R2 are of
equal va]ue, 2 peak voltage at‘termina] A of 100 volts will result in the
waveform shﬁwn in Figure 7, taken at the top of R2 through two complete

cycles. This voltage is used to trigger SCRI.

| WAWA

Figure 7
GATE TRIGGER WAVEFORMS
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-(::) The wavé;onm shown in Figures 10 and 11 illustrate the effect of different
resistance values of R2 and the corresponding output of the SCR. Notice

that a Iaﬁge value of R2 results in an earlier firing time and that the

output is present only dur'ing the forward biased positive input cycle. This

is reflected b} the waveforms 2 and 3 immediately below the input waveform.

YT
(7Tt BTCONDaRY)

O

BCA pmiNG LEVEL
QarTE O
{LARGE vALYE OF N2}

Ut
L fhe A2
O
OQUTPUT wiTH FUL TER

CINCUIT ADGED O]
(LARGE N2}

Figure 10
HALF-WAVE SCR RECTIFIER WAVEFORMS

In order to cause the SCR to fire earlier it is necessary to
increase the resistance of Rl |
decrease the resistance of RL
increase the resistance of R2

equalize resistance of R1 and R2

resistance of RZ
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Slmiltaneous with this, a positive signal is preﬁent‘at the rectifier's gate.
When the gate triggers the SCR, current flows from terminal B through RL and
the SCR to terminal A. This causes a voltage drop across RL that is positive

at the junction of RL and the SCR.
——

Current can flow in the SCR
a. whenever terminal A is positive
during the negative alternation only

as long as the SCR is forward biased and a negative voltage is
applied to the gate

only as long as a positive voltage is applied to the gate

a, whenever terminal A 1s positlive

Because the magnitude of the gate voltage jis dependent on the voltage

divider R1 and R2, the firing time of the SCR may be changed by changin? the
values of the voltage dividing resistors. For ekampIe, if the resistance of
-R2 is increased, the gate turn-on voltage for the SCR will be reached zooner
and - R will be turned “on" earlier. This will result in the SCR conducting
longer before the, positive alternation ends and the SCR becomes reverse
biased., The émount of power oﬁtput may also be varied by making RZ a variable
resistor.
Increasing the resistance of R2 causes the SCR's gate voltage to reach turn-on
potent ial
a. later
b.' sooner

c. has no effect

d. cannot tell unless information concerning the forward bias of_the SCR

is available

e A A T A D e e o U A e I e T A R T T € R T T kA gk T U e e

b. sooner
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(EE) The waveforms shown in Figure 11 indicates what happens when the value of

R2 is reduced.

Ut
{71 SECONDART)
1]

GATE |
BULLL VALUE OF M) g

QuTruT
ISuaLL AT} O«

oC DY
QUTPUT Witk FLTER o
CRCUIT 420ED

Figure 11
HALF-WAVE SCR RECTIFIER WAVEFORMS

Reducing the value of R2 delays the time when the gate is sufficiently positive
to turn "on" the SCR. In this case the SCR is turned "on" approximately midway

in the positive sine wave cycle and current flows for about one-half the time of

the positive alternation.

Reducing the value of R2

delays the triggers or turn-on time

agce]eﬁates'the trigger or turn-on time

has no effect’ on the LFigucring capability of the gate

only effects the output voltaqe

a. delays tne trigger or turn-on tfiie
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£

REFER TO THE WAVEFORMS SHDHﬁ IN FIGURE 13 WHEN ANSWERING QUESTIONS 3
THROUGH 5.

Ut
{70 SECONDANY)
O

SCA FIRING LEVEL
1. GATE b,

OUTPUT

2. ~ o
\
SUTPUT WITH FILTER
CHRCAT 4DDED O

QATE

ouTPYTY

// Or

4,

N ecour

SUTMUT WTr FILTER O
CRCut ADDED

Figure 13
HALF-WAVE SCR RECTIFIER WAVEFORMS

3. Which waveform indicates the SCR firing level when RZ has a large

resistance value?
1
2
2
g

L
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i (::) THIS IS A TEST FRAME, COMPLETE THE TEST QUESTIONS AND COMPARE YOUR

ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE
TEST QUESTIONS. REFER TO THE DIAGRAM SIOWN IN FIGURE 12 IN ORDER T0 ANSWER
QUESTIONS 1 AND 2.

OUTPUT

Fiqure 12
HALF-WAVE SCR RECTIFIER

1. Increasing the value of R2 will cause the SCR to trigger

later
sooner
will have no effect

cannot tell based upon information given

2. If the resisténce of R2 ig decreased, the output voltage of this half-wave
Ipower supply

a. increases

b. decreases

c. remains the same

cannot be determined from information given
' 1€8
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IF YOUR ANSWERS MATGH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 20 QTHER-
-HISE GO BACK TO FRAME 11 AND TAKE THE PROGRAMMED StQUENCE BEFORE TAKING TEST
FRAME 17 AGAIN.

Up to this point the explanation has been concerned witﬁ one-half of a
'full;wave SCR rectifier. The schemat1c shown in Fidure 14 represents a
full-wave SCR rectifier. The advantage of this circuit is that the output has
twice as many pulses as that of the half-wave rectifier which was previously

explained, and it is easier to filter. Output waveforms are shown for filtered

and unfiltered outputs.

3

OUTPUTS
sér1 scnz

CARGE I,__‘,-“r-ncnve
A2/R3 ov
PK - DC AvG
SMALL | i [\

R2/R3

UNFILTERED ' FILTERED

Figure 14
FULL-WAVE SCR RECTIFILRS
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4, Which waveform shows the SCR -firing level when R? has a swall resistance
value? |
a.

b.

(7L I S

c.
d. 4

8. Which waveform shows the output with a large résistance for R2?
a. 1
be 2
c. 3
d. 4

COMPARE YOUR ANSWERS TO-THE CORRECT ANSWERS GIVEN AT THE TOP OF THE NEXT

PAGE. .
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Decreasing the resistance of R2 and R3 will cause the SCRs to

fire sooner
have no effect on the firing time
fire later

increase the output of the rectifier

fire later

(EE) THIS IS A TEST FRAMZ. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR

AN WERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP Of THE PAGE FOLLOWING THE
Tt 7 QUESTIONS.

RE SR TO THE SCHEMATIC SHOWN IN FIGURE 16 WHEN ANSWERING QUESTION 1.

5CH)

_ Figure 16 ‘
e Dec}easing the value of R2 and R3 resulting in in the average DC
voitage across RL. .
a, a decrease
an ijincrease
no change

none of the above




no response required

T

' Thé waveforms shown in Figure 15 indicate the output of the full-wave SCR
rectifier during complete input cycles. Notice that with such a rectifier,
there is a voltage across the load during each aTtérnatiOn of the sine-wave
input. The bottom waveform shows the total output of the SCR through two

complete cycles.

CURRENT PULSE
8CR1 ov

{VOLTAGE ACROSS RL)

CURRENT PULSE
LCR2 ov
(VOLTAGE ACROSS RL)

CURRENT PIILSES - l/\
ov :

BOTH SCR's \
(TOTAL VOLTAGE ACROSS RL)

Figure 15
FULL-WAVE SCR RECTIFIER OUTPUT

Récall that changing the values of R2 and R3 will change the firjﬂg on

triggering time of the SCRs. If the resistance of these two resistors is
increased, the ‘firing time will be earlier™in the input cycle and the output

voltage will b increased.

A
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a decrease
all of the above

'bt 2

IF YOUR ANSWERS MATCH THE CORPECT ANSWERS, YOU MAY GO TO TEST FRAME 28.
OTHERWISE GO BACK TO FRAME 18 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING
TEST FRAME 20 AGAIN.

Ggi) Recall that a full-wave SCR power supply like the full-wave diode pawer
supply requires a center-tapped transformer secondary and therefore it utilizes
only half of the transformer's secondary potential at any given time. To make
full use of the secondary voltage, an SCR bridge power supply may be used. The
SCR bridge power supply in many ways is identical with a regular bridge diode
power supply which you have previously studied. Figure 18 shows schematics

for a standard diode bridge power supply and an SCR bridge power supply. Spend
some time acquainting yourself with the similarities of the two types of power |

supplies befoi-e proceeding.

l_

Fiqure 18

179 Ji
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STUDY THE WAVEFORMS SHOWN IN FIGURE 17 IN ORDER TO ANSWER QUESTIONS 2 AND 3.

OUTPUTS

SCR1 SCH?

I N o—
e

Fd

UNFILTERED I FILTERED

Figure 17

2. The amount of output ripple is determined by

d.

the triggering voltage of the SCR gates
the conduction time of the SCRs
the different values of R2 and R3

all of the above

3. Which waveforms represent the output when the value of RZ and R3 is

small .

COMPARE YOUR ANSK. RS TO THE CORRECT ANSWERS GIVENﬁﬁT THE TOP OF THE NEXT

PAGE.
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(::) Refer to the SCR bridge power supply schematic shown in Figure 19,

PK ——m
ov E%%%éh
OUTPUT

1/2 CYCLE

Figure I9

SCR BRIDGE POWER SUPPLY

Notice that oaly two SCRs are used and that they are connected in Such a way
that one of the SCRs is always in series with the load. This eliminates the
reed for 4 SCRs. 1n other words, one of th2 SCRs ;Twa}s controls the load
current. 1t may he helpful to trace arcund the circuit in order to familiar-
" jze yourself with the concept that SCR1 is in series with CR4 and SCRZ 1s in

series with CR3.
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A br‘iilge type SCR power supply *

a. makes full use of the secondary voltage

b. has high voltage output capacily available without using a h19her
voltage transformer

¢. has no advantage over a regular full-wave power supply

d. both a and b

d. both a and b

(::) Refor again to the schematics shown in Figure 18. Notice that the only

differenc. between these two schematics is that the SCR bridge po~  supply

uses two SCRs and gating or triggeéring networks.

SCR 1 and SCR 2 replace diodes and in the standard diode

bridge power supply;

e e W M e R e P e P e W W P e e e e Wk ol e T e o ke e R R N o wr Nk e e R e

(Rl and CR2 or vice veisa

176
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Figure 19
.-R BRIDGE POWER SUPPLY

Refer to Figure 19 above for Frame 25.

| (::) Now, when terminal A is negative on the rext aiternation the followirg
action t7 s place. Initially, CR2 is forward biased, and current flows
from Lermnal A through R3, (k2 and R4 to terminal B. When ..e voltage
across‘ﬁ3 becomes large encugh, the gate voltage for SCR1 will reach the
firing-level. Since SCR1 it forward biased (cathode negativ; with respéct

to #node) a path for current is estahlished from terminal A, through SCRi to

ground, from ground on the bottoin of RI., through CR4‘(forward'hiased) to

ten?ihal B.

no response required




P.I. 4 Thirty-3

Again refer to the schematic shown in Figure 19, To help you understand

~ the operation of this'SCR bridge rectifier, current paths have beer indicated

with broken 1ines. At suck t'me as terwinal A of Tl is positive, CRl will
be forward biased. This meaas that current flows from terminal B of Tl
through R2, CR]l and Rl back .0 terminal A. No other current can flow until
SCR2 has been gated or triggered. When the voltage drop across R2 rises to
the firing potential for SCk2, the SCR conducts ard current will flow from
terminal B through SCR2 to ground. The current path tc terminal A is
thereby completed from ground on the bottom of RL and through CR3. This
eurrent path exists until the polarity of the voltage across the secondary

reverses.,

During .he half cycle when terminal A is positive, which diodes are conducting?

a. CR1, CRZ, SCRI
b. CR2, CR4, SCR2
c. CR1, SCR2, CR3
d. CR2, 2, R3

Fa
DY

ey P T L T L L L L T T e L L L LR T L T T P R T PR D R bR D L

<RI, 3CRZ, (R3
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@ The 1nput#output waveforms for the SCR bridge type power supply previously
discussed are shown in Figure 21. Study the output waveform and notice the
wide range of outputs which are possible due to the variation of signals by

changing the setting of R2 and R3. (Variations shown shaded)

NPUT  Ov
(point A with respect! to B)

SCR firing level —
SCR1 gate ov&
SCR firing ltevel —® 4+ —— = -
SCR2 gate Ov<+

OUTPUT

Figure 21
2T BRIDGE POWER SUPPLY WAVEFORM
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The schematic shown in Figure 20 is also for an SCR bridge power supply.

The only differencg is R2 and R3 have been replaced with variable resistors.

In this case the resistors are mechanicé]ly coupled or ganged.

-
T1

CR4

Figure 20
SCR BRIDGE POWER SUPPLY

Because the gating voltages may be changed or modified as a result of changing
the values of R2 and R3, the power supply outpi” voltage may be varied to any

desired value within the circui‘ capability merely by rotati'.g the controi,

The power supply oulput veilage may be changed by

changing the value of RZ and R3 by rotating the control or scmething to
that effect. ’
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1. ¢. both a and b

2. changing the value of RZ2 and R3 by rotating the control or something to

that effect.

IF YOUR ANSWERS MATCH THE ANSWERS GIVEN ABOVE YOU HAVE COMPLETEQ THE
PROGRAMMED INSTRUCTION FOR LESSON 3, MOOULE 30 -- CONGRATULATIONS!

IF YOUR ANSWERS DO NOT MATCH, GO BACK TO FRAME 21 ANO TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 28 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. [IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. 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 vou -
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF yQU
FEEL THAT YOU HAVE FAILED TO UNOERST..NO Al L, OR MOST, OF THE LESSON, SELECT
ANO USE ANOTH @ WRITTEN MEOIUM OF INSTRUC™ ION, AUOIO/VISUAL MATERIALS {IF
APPLICABLE), R CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNITL YOU CAN
ANSWER ALL SE._F-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.




no response required

THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR ANSWEKS
WITH THE CORRECT ANSWERS GIVEN AT ™ L TOP OF THE PAGE FOLLOWING THE TEST
QUESTIONS.
1. A bridge type power supply

2. has a high voltage output capacity available

b. makes full use of the transformers secondary voltage

c. Bofh aand b

d. has no advantage over a regular full wave power supply.

REFER TO THE SCHEMATIC SHOWN IN FIGURE 22 IN ORDER TO ANSWER QUESTION 2.

T

CR4

Figure 22
SCR BRIDGE POWER SU°PLY

2. The bridge power supply output voltage may be changed by

182
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In order to fully understand the SCR power supply, it is necessary to
understand the difference between SCRc and other diodes. ATlthough both
continge conducting when forward hiated, the SCR will not begin conducting
until an adequate positive voltage is applied to its gate,

This voltage may be momentary since a continuous gate voltage is not necessary
to assure continued current flow. Once triggered, or gated, the SCR will
continue to conduct even when the gate voltage is removed. However, different
SCR types trig-er at different gate voltage..

The t ‘ming waveforms shown in Figure 2 illustrate when the SCR conducts in 2
half-wave SCR circuit,

INPUT SIGNAL OV

TRIGGER
ON THE GATE

Figure 2
TIMING WAVEFORMS
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NARRATIVE
LESSON 3

SCR Power Supply Circuits

In lesson 2, you learned how regulators function to maintain constant

+~]tage and current outputs. Recall that resistors and transistors were

used as voltage dropping devices in these circuits and that these voltage
dropping devices consume power. Because voltage dropping devices consume
power, this power is not available for the circuit load. It is therefore
desirable to have circuits where a maximum amount of power is provided with

a8 minimum of internal power loss. The power supply which provides nigh
current output and a minimum of internal power loss is the Silicon Controlled
Rectifier {SCR) power supply.

Beside the advantage of Tow power consumption, th. SCR-power supply may be
designed to vary SCR conduction time and therefore the amount of current
that reaches the filter and load.

The symbol shown in Figure 1 is that of an SCR.

CURRENT FLOW

Figure 1
SILICON COMTROLLED RECTIFIER (SCR)

In some respects both the dioda and SCR are identical. Both have a cathode
and anode and both conduct when forward biased and stop conducting when
forward bias is removed.

The SCR has one additional element which is called the gatz. 7This elament
triggers or turns the SCR “on™ when a predetermined positive -oltagje 3%
applied, and the SCR is forward biased.

Both full-wave and bridge SCR power sup- ies operate in the same way as
regular diode power supplies. The difference exists because of the triggering
or gating capability of the SCR.
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T .A CR1 ' o\
_—l INPUT
2

Figure 3

HALF-WAVE DIODE RECTIFIER HALF-WAVE SCR POWER SUPPLY

When you Study the schematics notice that the only difference between the
half-wave diode rectifier and the SCR power supply is the gating network.
This network is made up of Rl, R2, and CR1. Study the schematic on the lert
and make sure you understand how the half-wave rectifier operates, refer
back to previous lessOns coOncerning half-wave rectification.

Refer to the half~wave SCR schematic shown in Figure 3. When terminal A of
Tl is positive, CRl is forward biased and current flows through Rl ano R2.
The voltage across R2 js applied to the 9ate of the SCR, triggering the SCR
and causing it to conduct. During the second half of the input cycle,
terminal A is negative, CRl is reverse-biased and current cannot flow
through the resistors. Voltage is only developed across RZ during the
positive cycle. During the negative cycle, SCRl is reverse-biased and
current cannot flow. Once the input again becomes positive, SCR1 is forward
biased and :onducts when a positive gate, or trigger, voltage is applied to-
the gate. Bu-ing the negative alternation both SCR1 and CR1 are reversed
biased end Zurrent cannot flow in either branch of the circuit.

Figure 4 shas the schematic for a half-wave SCR power supply and the output
vaveforms for different values of RZ.

SCR1 LARGE R2
A D .
=3 @1 's IANNAN
p. | . QUTPUT
VAN

BMALL R2

A0

QUTPU~™

g
+

HALT -WAVE 5, . I’ONE'R(?SUPPLY

1

Fiqure 4
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The top waveform shows the 1nput signal as an alternating current siqnal.

As with all sine waves, the input varies frompositive to negative in
relation to the zero volt reference. Since current flows only when the SCR
is forward biased and when a positive trigger voltage gates the SCR, the SCR
does not conduct until T4.

The SCR will not conduct from Tl through T4 because it is reverse biased.

Even when the SCR becomes forward biased at (T3-T4) it does not conduct

until a positive trigger voltage is applied to the gate. In this example
"this happens at time T4 Remember that once the SCR conducts, it continues

to conduct even though the gate voltage is removed. The SCR stops conducting
when it is again reverse biased. The period of conduction is indicated by
the output waveform shown at the bottom of Figure 2. Study all of the
waveforms shown in order to determine when th2 SCR will again conduct.

Figure 3 shows the schematics for a half-wave diode rectifier and a haif-wave
unfiltered SCR power supply. .

INPUT WNPUT

HALF-WAVE DIODE RECTIFIER HALF-WAVE SCR POWER SUPPLY

Figure 3

Although half-wave SCR power supolies are seldom used, due to the difficulty
of filtering the output, an understanding oY their operation will help you
understand how the full-wave SCR power supply operates.
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Up to this point the explanation has been concerned with one half of a
full-wave rect fier. The schematic shown in Figure 6 represents a full-wave
SCR power supply. Since the full-wave SCR power supply has twice as many
output pulses as the half-wave power supply, the output voltage is easier to

filter.
i :!_mm UIA% QUTPUTS
Llh_é___J SCR1 scnz ¢

LARGE """"'-f""'h DC AVG
f]2/RA oV
Cﬁ?? : . SMALL | i r\
R4
SCR2

R2/R2

UNFILTERED ' FiL TERED

Figure 6 g

FULL-WAVE SCR POWER SUPPLY

LN

~Waveforms immediately to the right of the schematic indicate unfiltered and

filtered outputs of the two SCRs and the effect of changing the values of R3
and R2. If it has occurred to you that replacing R3 and R4 with variable
resistors results in manual control of the output, you are correct. Make
su~e you und2rstand how the full-wave SCR power supply operates before
proceeding further with this lesson. You may wish to trace current flow on
the schematiz to help you understand the operation of the various components
during the different phases of the input cycle.

The waveforms shown in Figure 7 indicate the unfiltered output of the
full-wave SCR power supply during two complete input cycles.:

* Study the waveforms and notice that with such a power supply there is an
output during one half of the sine wave cycle. The bottom waveform Shows
the total output of the SCR through two complete input cycles. Recall also
that changing the value of R3 and RZ2 changes the firing or triggering t1me
of the SCR and the average output of the rectifier.
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Because the gate voltage on the SCR is dependent on voltage divider action,
- the SCR can be made to fire at different times in the input cycle by merely
changing the resistance ratio of resistors Rl and R2. Ap early turn-on of
the SCR results in ap increase fn the average voltage across the resistive

load RL and & delay results in & decrease fn the average voltage,

Both of these effects are iliustrated in the output waveforms on the right

side of Figure 4. Note particularly that the peak amplitude of both waveforms
{s identical. :

e

—

L
(1 SECONDANY}
Or

e, _ -
- . by "
’ ]— T\ Al
XL

R2
Fiéure 5

‘' HALF-WAVE SCR POWER ‘SUPPLY WITH FILTER

. M Tn

Addition of a filter capacitor to the circuit shown ip Figure 5 provides an
average DC output Tevel. This output varies with the size of R2' as shown by
the waveforms to the right of the schematic. Since it is possible to vary
the SCR's conduction time, the average DC output voltage may be controlled. '
A Tong conduction time results in a Targe average DC output and a short
conduction time results in a smail average DC output. )
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The schematic shown in Figure 9 is that of an SCR bridge power supply.

M N

+

. o -

Figure 9h

j;cn BRIDGE POWER SUPPLY -

[}

Notice that the two SCRs used in this power supply are connected so one of
the SCRs is always in series with the load. . Stated another way, one of the
SCRs 2lways controls the lgad current. It may be helpful if you trace
around the circuit and familiarize yourself with the c0ncept that SCRI is in
series with CR4 and SCR2 is in series with CR3.

To further help you understand the operation of this SCR bridge rectifier,
current paths have been indicated with broken Tines in Figure 10.

Figure 10
UNFILTERED SCR BRIDGE POWER SUPPLY

When terminal A of Tl is positive, CRI, CR3, and SCR2 ere forward hiased.
This causes current to flow from terminal B of T] through RZ, CR1l, and R1
and back to terminal A. When the voltage drop across R2 reaches the firing
potential for SCR2, the SCR conducts and current will flow from termingl P -
“hrough SCR2 to ground. - The current path to terminal A is thereby
completed from ground at the_bottom of RL and through CR3. This current
path exists until the-polarity of the voltage across the secondary reverses. -

10° 190
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\/
A

CURRENT PULSBE
BCR1 oV
(VOLTAGE ACROSS RL)

CURRENT PULSE

. SChR2- V]
{(VOLTAQE ACROSS RL)

CURRENT PULSES ,.[i:f!; r’\\\ r’ﬁ\\*_Jf‘\\n
‘ eotH scr's OV ——
CFOTALthJ%GE1ACREf§§ﬂL) : ‘

-

_ Figure 7 J
4 .
FULL-WAVE SCR POWER SUPPLY -~

Full-wave diode power supplies require a center tapped transformer secondary .
that only utilizes one-half of the transfermer's secondary potential at any
given time. This is also true of full-wave SCR power supplies. In order to
make full use of the secondary voltage a bridge power supply may be used.
In many respects the SCR bridge power supply is identical, with a regular
bridge diode power’supply. Figure 8 shows the schematics for a standard
diode bridge )jower supply and ¢ SCR bridge power supply. Before proceeding
further, ¢ 1 some time acquainting yourself with the similarities of these
two types ur power supplies. =

&
" -

STANDARD DIODE BRIDGE SCR BRIDGE POWER SUPPLY
Figure 8 '

rd

Close examination of the schematic shown in Figure 8 reveals that the only
difference -between the two schematics is that the SCR bridge power supply
uses two SCRs and gating or trigQering networks.

) . 190
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When terminal A is negative with respect to terminal B, CR2 is forward

* biased. Refer again to the schematic shown in Figure 10. When the voltage
drop across R3 is large enough SCR1 fires. Current then flows from terminal
A to T1, through SCRl to ground, up from ground through RL and CR4 and back
to the pos:tive side of the transformer. No other current can flow at this
time due to the fact that SCR2 is reverse-biased and not gated on. Spend
some time studying these schematics in order to make sure you understand how
the current flows uhen the various SCRS are Gated or triggered "bn".

The schemat:c shown in Figure 11 is for the same SCR bridge power supply.
The only difference is that R2 and R3 have been replaced with variable

. resistors. These resistors are mechanically coupled or ganged. The gating
voltages mdy be changed, or modified, by changing the value of R2 and R3.

. The power supply output may be var1ed to any desired value within the

circuit capability by merely rotating the control.

T T

- Figuyre 11

VARTABLE OUTPUT SCR BRIDGE POWER SUPPLY

AT THIS POINT, YOU MAY TAKE THE LESSON' PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS ‘CORRECTLY, YOU MAY TAKE THE LESSON TEST. 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 TRAT 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 INSTRUCTIOH AUDIO/UISUAL MATERTALS (IF
APPLICABLE )}, OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNITL YOu CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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30.4.51.6 IDENTIFY the function of components and circuit operation of a
complete SCR regulated power suppl;, Qiven a schematic diagram,
bv selecting the correct statement from a choice of four. 100%
accuracy is required.

30.4.51.7 MEASURE, CALCULATE and COMPARE output voltage waveforms, and
SCR conduction times in an SCR requlated power supply given a
training device, circuit boards, te:t equipment and proper _
tools, schematic diagram, and a job program containing references
for comParison. Recorded data must be within limits stated on _
the job program.

30.4.51.8 IDENTIFY the faulty component or circuit malfunction in & given
SCR regulated power supply circuit, given a schematic diagram
and failure symptoms, by selecting the corrgct fault from a
choice of four. 100% accuracy is required.

* This objective is considered met upon successful completion of the
terminal objective.

=g

BEFORE YoU START\THls LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESDURCES ON THL NEXT PAGE.
' . .

1 .
195 99
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OVERVIEW
LESSON 4

SCR Regulated Power Supplies

In this lesson you will learn about SCR requlated power supplies and their
application. You will learn how the power supply compensates for changes in
input and load. You will also Tearn how the SCR control circuit varies SCR
firing time to maintain a ccnstant voltage output.

The learning objectives of this lesson are: - \

TERMINAL .OBJECTIVE(S):

30.4.51

When the student completes this lesson, (s)he will be able to
TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in a regqulated SCR power supply circuit when given
a prefaulted circuit board, schematic diagram, instructions and

necessary test equipment. 100% accuracy is required.

( LY i -
T
_—

ENABLING OBJECTIVES:

When the student cempletes this iesson, (s}he will be~ab1efto:

30.4.51.1

30.4.51.2

30.4.51.3
30.4.51.4

30.4.51.5

'IDENTIFY the function and basic principles- of operation of the‘

F

control circuit in an SCR regulated power supply, by selecting
the correct statement from a choice of four. 100% accuracy is
required.

IDENTIFY the functibn and operating characteristics of the
control amplifier and pulse generator stages of an SCR regulated
power supply control circuit by selecting the correct statement -
from a choice of four, 100% accuracy is required.

IDENTIFY the components that make up each of the two stages of

an SCR regulated power supply control circuit, given a schematiic
diagram of the circuit, by selecting the correct 1ist of comMponents
from a choice of four. 100% accuracy is reyuired.

IDENTIFY the function of components and circuit operation of a
two-stage SCR regulated power supply control circuit by selecting
the correct statement from a choice of four. -100% accuracy is
required. )

IDENTIFY the components which make up the individual circuits
within a complete SCR regulated power supply, given a schematic
diagram, by selecting the correct 1ist of components from a

"choice of four. 100% accuracy is required.

o,
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SUMMARY
LESSON 4

SCR Requlated Power Supplies

In lesson three of this module you learned about SCR Pewer Supply Circuits and
the advantages which these circuits provide over conventional diode power

supplies. This lesson covers circuits which have been designed to control the
output of SCR Power Supplies.

By using control circuitry, the amount of time the power ‘supply SCRs
conduct can be regulated. Recall that the conduction time of the SCR
determines the ovtput voltage of the power supply. The control circuit also
compensates for variations in input voltage and circuit load. The diagram
shown in Fjgure 1 indicates pictorially how the conduction time of the SCP
is controlied and shows the effect of varying SCR trigger times.

N = NORMAL

TRIGGER  TIME —»

ERROR

> CONTROL . PULSE

VOLTAGE D———euijy ' ——9 TO SCR GATE
1 AMPLIFIER GENERATOR s

MORE/LESS (+)

) j
MORE <+ LESS R = LATER TRIGGER

Figure ]
CONTROL CIRCUITS

Two stages are required in order to control conduction time. Stage 1 is
referred to as the control amplifier and stage Z may be referred to as the
pulse generator. The output from the pulse generator is Supplied to the SCR
gates and determines when the SCR's will triqger or fire.
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Study Resources : Thirty-4
LIST OF STUDY RESOURCES
LESSON 4
SCR Regulated'Power Supplies

.

To learn the mater1é]s in this lesson, you have the option of choosing,
according to your exper1pnce and preferences, any or all of the following
study resources.

MWritten Lesson prese.tation in:

»

Module Booklet

- Summary
Narrative
Programmaed Instruction

Student's Guide;

Summary
Progress Check
Job Program Thirty-4 "SfR Regulated Power Supplies”

Fault Analysis (Paper Troubleshooting).1.S.
Performance Test [.S.

Additional Material(s): ) .

35 mm sound/slide “"Thirtv-4 SCR ReQulated Power Supplies”

-

Enrichment Material(s):

NAVSHIPS 0967-000-0120 "Flectronic'Circuits® Electronics Installation and:
Maintenance Book (EIMB} Naval Ship Engineeriﬁ_-fenter Washington, D.C.:
0.5, Govermnent ent Printing Office, 1965.

e

YOU MAY.USE ANY, OR ALL, RESOURCES LxSTEO ABOVE, INCLUDING THE LEARNING
CENTER INSTRUCTOR. HONEVER ALL MATERAILS LISTED ARE NOT NECESSARILY
REQUIRED TO ACHIEVE LESSON DBJECTIVES. THE PRDGRESS CHECK MAY BE TAKEN

ANY TIME.
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The schematir shown in Figure 3 is for the pulse generator Circuit.

Before the UJT can trigger or fire the SCR, the WIT's emitter-base 1 forwa, -
bias rust be adequate to trigger or fire the UJT, The UJT emitter-base 1
forward bijas is dependent on the charging time of Cl, When the capacitor
charges quicker, the UWT fires sooner and the conduction time of the SCRs
increase, thus increasing the output voltage. Delayed charging of Cl causes
the UWT to fire later with a coriresponding decrease in conduction time and
output voltage. -

[ ]
u Ll
O
o
!
X
L

- e

COMMON

Figure 3
PULSE GENERATOR CIRCUIT

In addition to the basic circuit, Cl's charging action is shown in the upper
left hand corner of the figure.

During time cycle TO through Tl, Cl charges toward the UJT trigger level
potential through R2. Because the UWT has not vet triggered the SCR. there
is no output at this time. When the voltage across (1 reaches the trigger
level of the UWT, the UWJT fires. In other words, when the emitter-base 1
Jjunction of the WT becomes forward biased, the UJT conducts. This allows
Cl to discharge rapidly through R4, The discharge current through R4
produces the output pulse. ; :
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. The uaveforms shown in the upper right hand corner of the figure illustrate
different turn~on times fOr the SCRs. The waveform at the extreme left (+)
indicates an early turn-on time, whereas the waveform on the right (+) shows
a delayed turn-on, or gatfng. The waveform designated with the "N" jllus-
trates the usual, or "normal” turn on time. The (+) and &) signs dencte
the error voltage level that produces the particular early or late trigger.
A less positive error voltage is denoted by (+), white a more positive error
‘voltage is denoted as ).

The pulse generator triggers, or gates, the SCRs on early, whenever there is
an increase in load current or decrease in input voltage. It triggers the .
SCRs later to compensate for a decrease in load current or increase in input
voltage. Make sure you understand this concept before proceeding further
with this lesson. The schematic -in Figure 2 shows the controi circuit
required for a typica] SCR regulated power supply.

-

Figure 2
'CONTROL CIRCUIT

COMMON

The control amplifier 1s made up of Ql, current limiting resistor Rl, and
collector load resistor R2. The pulse generator trigger frequency is -
determined by the charging time of Cl. R2 and the variable resistance of
Ql, together with Cl detenn1ne Cl's charging time.

The size of the error voltage determines the forward bias of Ql and this
results in either an increase or decrease in the transistor's internal
resistance. This change in Ql's resistance influences the time it takes
€1 to charge. This is a basic concept essential to understanding the
operation of the control circuit.

Again refer to the schematic shown in Figure 2 and the components which make
up-/the pulse generator circuit. This circuit is made up of unijunction
transistor Q2,'Cl, R2, R3, and R4. If you do not recall how UWIT's oscillate
to produce trigger output oulses, refer to Lesson 2 of Module 25. i

-
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Up to this point the explanaticn has concentrated on the control and trigyer-
ing circuits of the regulating device. A schematic for a typical SCR power
supply together with Control cwrcuatry is shown on the foldout appended to
the end of this Tesson. This diagram Ts\phe schematic for the NIDA SCR
regulated power supply which you will use as part of the job program for
this lesson. Refer to this schematic for the remainder of the lesson. )
Notice that the rectifier and filter circuit is designated with heavy lTines
and the control circuitry is shown with light lines. Notice that two bridge
rectifiers are shawn. The main bridge rectifier consists of SCRs Q3 and Q4
and diodes CR5 and CR6. The other bridge circuit is made up of CR3, CRA,
CRS and CR6. This voltage s regulated by the Zener diode CR1 and Rl.- The
output of this bridge circuit js used to provide a positive regulated
voltage to Q1 and Q2 in the control circuit, and thus improve the ‘total
circuit regulating action.

As you study the schematic notice that CR5 and CR6 are used in both of the
bridge circuits. Since these diodes are used in both circuits they conduct
more current than CR3 and CR4.
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LY

After the cipacitor discharges the emitter-base 1 junction of the UJT again

becomes reverse biased .and current no longer flows. C1 now charges again

and the cycle repeats. You should now understand the effect of charging and
discharging C1 on the pulse generator circuit.

Ql is the variable component which influences the charging rate of Cl. It
operates somewhat like a variablesresistor to modify Cl's charging times.

The schematic shown in Figure 4 depicts the transistor as a variable
resistor Rg1- Recall that the resistance of a transistor changes depending
on its base-emitter forward bias. If you are unable to recall this relation-
ship refer.t0 Lesson 2 of this module or Module 21.

.~

X & To% ] .

1
r
1

]
N
0
R
M
A
L

Iy

COMMON

Figure 4 _
PULSE GENERATOR CIRCUIT

The waveforms shown on the right side of the figure indicate the pulse or
trigger time of the UJT for normal operation and trigger time when the input
voltage of the power supply is increased. The waveforms on the left side

of the schematic indicate when €1 forward biases Q2 and causes the UJT to
trigger or pulse the SCR.

Any increase in the input voltage increases the forward bias of (1, thereby
decreasing its resistance. This causes C1 to reach maximum charge tater and
causes the WT t< trigger the SCRs later. Study the schematic and waveforms
and make sureé you understand how changes in circuit load current effect the
triggering or firing time of the UJT. e

200
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The waveforms Shown in Figure 6 show what happens when the input voltage
increases or the 1sad current decreases.

INPUT OVJ -——

(T;'ERHIHAL 4 WITH RESPECT
TO TERMINAL 3)

H

TRIGER PULSES OV
(BASE 1 OF 02)

Q3 CURRENT OA

Q4 CURRENT 0A

CURRENT 30 FILTER 0A
o | Figure 6 ‘
WAVE FORMS FOR INCREASEO VOLTAGE OR REOUCED LOAD

Study these waveforms and those shown in Figure 5 in conjunction with the
NIDOA SCR schematic and try to visualize how the various components compensate
for changes in load and/or input. This Should give you a good understanding
of how SCR regulated power Supplies operate. .

If you have difficulty understanding the material in this summary read and
study either the narrative or programmed jnstruction for this lesson. This
summary only covers the major concepts of circuit operation.

AT THIS POINT, YOU MAY TAXE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF~-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS ZHECKX QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PACES, . PARAGRAPHS, OR FRAMES SO THAT YOU
CAK RLCSTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF You
FEFL THAT YOU HAVE FAILED TO UNDFRSIAND ALL, OR MOST, OF THF LFSSON. SITHCT
AND US1 ANOTHESC WIRDITUN MEDIUM 0 IN‘IRUCTIUN AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAM
ANSWER ALL SELF-TEST ITEMS. ON THE PROGRESS CHECK CORRECTLY.

207




Summary ' Thirty-4

The waveforms shown in Figure 5 are included to help you understand the
operation of the power supply.’ '

IRPUT OV

( TERMINAL 4 WITH RESPECT
'To TERMINAL 3)

TRIGGER PULSES OV
(BASE ¢ OF Q2)

Q3 CURRENT 0A

G4 CURRENT OA

CURRENT TO RLTER 0A LS

Figure 5
- NORMAL OPERATING WAVEFORMS

-~

The solid waveforms show a normal input and output for the power supply.
The broken lines illustrate how the triggering time and output change when
the load current is increased or the input voltaae decreases.
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PROGRAMMED INSTRUTTION
LESSON 4

SCR Regulated Power SuPP“ES

TtST FRAMES ARE 4, 10, 18, AND 22 PROFEED TO TEST FRAMCS & AND SEE IF YOU CAN
ANSWER THE QUESTIOHS. FOLLOH THE DIRCCTIONS GIVEN AFTER THE TFST FPAME.

(::) In Lesson 3 you learned that the SCR's conduction time determines the

-

output voltage of an SCR ﬁower supply. Varying the conduction time will
compensate for changes in input volitage or load current to insure a constant
regulated DC output. When the gate of the SCR is triggered earlier, current
flows sooner, and there is a greater output voltage from the power supply.
Triggering the SCR later reduces the period of time when current flows and.

causes a decrease in output voltage.

Increasing the conduction time of an SCR results in
a&. a reduction in the power supply current output

an overload on thé SCR

an increase in the SCR power supply output voltage =

a possible circuit overioad for the power supply.

increase in the SCR power supply owtput voltage.
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The output of an SCR power supply may be varied by
a. .varjing the conduction time of the power supply SCR{s)
b. applying a negative voltage to the SCR gate
c. making sure fhie SCR gate voltage is held constant

d. none of the above

varying the conduction time of the power 'supply SCR{s})

@ Figure 2 shows pictorially how the SCRs conduction time iS controlled.

N = NORMAL

+ N +
'Y 'S
I e
1 VN,
] ‘L [ a

TRIGGER TIME —
VOLTAGE )>——P 9 TO SCR GATES

ov

ERROR CONTROL PULSE

AMPLIFIER GENERATOR
MORE/LESS (+) :

MORE + = LATER TRIGGER

-~

Figure 2
CONTROL CIRCUITS

hotice that two stages are required to control the conduction time of the
SCR. Stage 1 is referred to as the control amplifier-and 'Stage 2 may be

referred to as a pulse generator. lhe input or error voltage may be oiiher

26 27
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(::) The drawing shown in Figure 1 depicts the sectiions which make up a
regulated SCR power supply.

GATE AA CONTROL

TRIGGERS [——-j--macuns

¢ ERROPR VO
cR D | OLTAGE

AC POWER 'REGULATED DC
INPUT ST o op v : OUTPUT
" CIRCUIT :

figure 1

SCR REGULATED POWER SUPPLY

Notice that the regulated power supply consists of an SCR power supply ‘

circuit and a regulator control circuit. The pictorial drawing shown

~

illustrates hoﬁ the regulator control circuit functions to change

the gate triggering times. Varying the conduction time can therefore be
used'talcompensate‘for fluctuations in thg AC input voltage and variations
in Toad current. -Regaiatgdn is accomplisﬁZd by detecting an error voltage
at the output of the supply and using it to develop gate triggers that.
control SCR condﬁction_fﬁﬁe. The function of the control section is to

convert a DC error vol(ﬁdﬁ into variable time gate triggers.
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more or less positive. The résistance of the control amplifier varies with
\the level of the error voltage. A more positive error voltage produce; less
resistance in the control amplifier stage. The control amplifier resistance
determines whether the pulse generator triggers the SCR earlier or later. A
small resistance in the control amplifier stage causes the trigger from the
pulse generator to occur later than normal. The effect of the late trigger-
ing on the SCRs in the power supply is that the SCRs conduct for a shorter
period of time therefore reducing the output of the power supply. A
large resistance in the control amplifier causes earlier triggering and an

L

increase in the power supply output.

Notice the wéveforms shown in the upper right hand corner of Figure 2.

These waveforms indicate trigger time in relation to the input error voltage.
The waveform on the left shows that when the error voltaée is less

positive, the pulse generator triggers the SCR gates earlier, and the
waveform on the extreme right shows that when the error voltage is ‘

more positive, the pulse generator triggeré the SCR gates at a later time.
Make sure you understand how the error voltage influences the pulse generator

before proceeding further with this lesson.

A more positive error voltage produces a smaller/larger than normal

resistance for the control amplifier stage and causes the trigger from

the pulse generator to occur earlier/later than normal.

------------ e, A -

smaller, later
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l. a. varyipg the conduction time of the SCRs

2. smaller, later

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TD TEST FRAME 10
OTHERWISE -G0 BACK TO FRAME 1 AND TAKE THE PROGRAMMED. SEQUENCE AGAIN BEFORE
TAKING TEST FRAME 4 AGAIN, ~

(::) At this point you are familiar with the basic concepts of how changes in
SCR gating time affects the output of SCR power suppf} circuits. The
schematic shown ‘in Figure 3 jllustrates the two stages of the control

circuit and their inter-connection.

+ +
EARLY NORMAL DEHFYED
~ \

'
AN 1y

COMMON
' Figure 3
CONTROL CIRCUITS

The control amplifier circuit is made up of Q1, current limiting resistor
Rl, and the collector load resistor R2. The pulse generator s.age 15 made
up of the WT Q2, €l and RZ,/ﬁB ard R4. The triggeriny frequency of the

circuit is determined by the action of CI, RZ and Q1. To help you better

214
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ﬂHSﬂERS WITH THE CORRECT ANSWILRS GIVEN AT THL TOP OF THE PAGE FOLLOWING THF

TEST*QUESTIONS.

—

1. The output voltage of the SCR bower supply may be varied by
a. varying the conduction time of the SCRs
b. applying a negative voltage to the SCR gates
c. keeping the SCR gate volitages constant
d. none of the above

2, A more positive error voltage produces a smaller/larger

than normal resistance for the control amplifier stage and causes the

. trigger bulse from the pulse generator to ocCcur earlier/later

than normal.
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The varying componéhts which influence the time for Cl t& charge is
a. Rl
b. Q2
c. Q1
d. R2

- —— - - - e e - o T e e - A

c. Q1

(::) An underspanding of how Cl and G2 operate to trigger the SCRs will

enable you to understand how the regulated power supply operates.

Refer to the schematic shown im Figure 4.

R

t
I
(5+

OuUTPUY

CHARGE I

-——

COMMON
Figure 4

PULSC GENERATOR CIRCUIT

Besides a schematic for the control circuit, l'igure 4 Shows an input
‘and an output waveform. Notice that during the time cycle TO
“through T1, Cl is charging toward Vce through RZ. Since the UJT has not

oo
vet fired, there is no output from the power supply
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understand-the operation of the control circuit, each of the circuit’s
Oper;tions will be discussed separately. Notice Q1 and its associated
components function to convert the DC error voltage intc a resistance

which is in parallel with C1. When a positive error is applied to the base
of Q1, this increases the forward bias of the transistor and produces a
smaller internal resistance. Because the transistor is in para11ei with C1,
the transistor influences the time it takes for the capacitor to charge.
This is one of the essential concepts relating to this type of control

circuit.

A less positive error voltage increases/decreases the

forward bias of Q1 and produces larger/smaller ___ transistor

internal resistance.

T S e W W W L W W e S W S NP O ok s Tk O e e S e e e kol sl O e o D S W S A W A D WA

decreases, larger

Again refer to the schematic shown in Figure 3. Pay particular attention

to the components which make up the pulse generator circuit. Yo&*should
remember from Lesson 2, Module 25 that the UJT trigger circuit generates
output pulses based on the time it takes the capacitor to char;e toa
voltage sufficient to forward bias the emitter-base 1 junction of the UJT.
R2 and C1 are fixed components that determine this charging time. Thus, Q1
will determine, based'upOn the error voltage applied to its base, the time

réquired for C1 to charge to the UJT trigger level.




p.1.

After Cl discharges, the emitter-base one junction of the UJT

becomes forward/reverse | biased and begins/stops

conduct ing.

reverse, stops
. So far we have concentrated on the effect of the charge and Elischarge

of C1 in the pulse generator circuit. We will now see how Ql affects the

pulse generator circuit. Refer to the schematic shown in Figure 6 and the

waveforms which are assoc¢iated with this schematic.
+ VCC

uT
~ + TRIGGER
LEVEL 4,

time

-

re£fasozr-

i3

an
r»ERV0Z-|-2>

Toowou

Fiqure 6
PULSE GENERATOR CIRCUIT INPUT-OUTPUT

A H
Changes in the input cause changes in the forward bias of Q1 and a corresponr-

ing increase or decrease in the resistance of Ql. If you do not recall the
relati®nsnip ofthese two concepts, refer to Lesson 2 of this module, or

study 'Podu'!e 21.
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During the time, frame TO through 11, (1 charges/discharges

charges

Refer to the schematic shown in Figure 5.

+ VCC

!\ OUTPUT

-I-Cl

——

]
‘ -_— e — /

RS

COMMON

Figure 5
PULSE GENERATOR CIRCUIT

_Once the voltage across Cl reaches the trigger level of the UJT, the UJT
fires. At this time, the emitter-base 1 junction becomes forward biased
and therefore, conducts. This allows Cl to discharge rapidly‘through R4 to
produée the output pulse. The current path is indicated by the broken
lines in the figure. Once the capacitor discharges, the emitter-base 1
junction of the UWJT again becomes reverse-biased and current no longer
flows., Cl1 now begins to charge again.

213

219




PAFullToxt Provided by ERIC

E\.




P.I. ' Thirty-4
. The waveforms shown on the left of Flaure f indicate the triager time of

the UJT under normal operating conditions {dotted) and when the output

voltage of the power supply is- increased (solid).

The waveforms shown on the right hand side of the schematic show a time
line together with the corresponding output waveforms for the contro{
circuit when it fires at a normal time and when it fires at a later
time. A more positive error voltage causes Ql's resistance to decrease.
The decrease in resistance of Q! reduces the voltage at the top of Cl
and increasés the time required for Cl to charge to the trigger level,

of the WT. This results in a later triggering action.

A decrease in the power supply's output voltage causes a less positive error
voltage and a corresponding increase in the transistor's resistance. This
increased resistance of Ql increases the voltage at the top of Cl

and decreases the time required for Cl to charge to the trigger level of the

“
UWT. 1In this case, when the output voltage decreases the UJIT will

triggder sooner. Be sure you understand how increases and decreases in the

output voltage of the power supply change the pulse or trigger time of the

UWT before proceeding further with this Tesson.

Any increase in the DC output voltage of the power supply causes a/an
increase/decrease in the forward bias of Q1 and a/an

increase/decrease in the transistor's resistance.

increase, decrease
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all of the above
increase

sooner

IF YOUR ANSWERS MATCH THE CORRECT ANSHERS YOU MAY GO TO TEST FRAME 19.
OTHERWISE GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE AGAIN REFORE
TAKING TEST FRAME 10 AGAIN. |

(::) Thus far we have been concerned vith circuits which control the SCR

regulated power supply. A schematic for a typical SCR power suppiy together

with regulator control circuitry is shown on the fold out at the end of this
_"-u._“_-_--//

lesson. This diagram is the schematic for the NIDA SCR regulated power

supply which you will yse as part of the job program for this lesson. You
will also refer to-this schematic diagram throughout the remainder of the

Te§son.

Notice particularly that the rectifier and filter cirquit is designated with
heavy lines and that the regulator control circuitry jis shown with light -
-,

lines. Also notice that there are two bridge rectifiers shown. The main

bridge fectifier consists of SCRs Q3 and Q4 and diodes CRS and CR6. The.

purpose of this bridge is to provide a positive DC output voltage. This

voitage is regulated by Zéner diode CRl and Rl1. The output of this bridge
&

circuit is =~ to provide a positive regulated DC voltage to Q1 and Q2

in the control circuit.

no response required
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" ANSWERS WI1TH THE CORRiCTY ANSWLRS GIVEN AT TUE TOP OF THE PAGE JFOLLOWING THF
TEST QUESTIONS.

+VvcCce

(+/+)

ERROR
VOLTAGE
INPUT

o~

COMMON

1. The time for Cl1 to charge to the UJT triager level depends on the
a. type of error voltage (more/less positive)
b. value of Cl |
¢. value of R2
d. all of the abov; - _
2. A less positive error voltage will cause the interﬁal resistance of Qllto
a. increase
b. derrease
¢c. have no effect
d. can't tell based on information given
3. An increase in the resistance of Q1 will cause the WT to trigger

4. sooner

b. later

2

c. h;ve no effect

d. can't tell based on information given
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The voltage applied to the control circuits is dependent

on/independent of the regulated output voltage.

- e - - S e P e S e S e e e e ol e B A e ol e e S R M R R L

independent of

Since you are already familiar with how bridge type SCR rectifiers
work, the remaining frames will concentrate on the control circuitry.

Recall that the contro! circuitry:is designated with light lines on the
schematic. One way to help you unde}stand how the control circuit functions
is to describe the operation of fhe various components of the control
Circu;f when cthanges take place. Assume the normal regulated output voltage
from the supﬁ]y is 15 volts from TP3 to ground. Now if -the load current
decreases, the reQu]ateEl output vo'lta;je at TP3 would tend to increase to say,
16 volts. This more positive gutput voltage would act to increase the
forward Qjaﬁ_on }1. The increased forward bias of QI results in a change in
the traé;istor's resistance. Because of the increased current flow between

the collector and emitter of Ql, additional current flows through RS.

AN

When the 1cad current decreases, the forward hias of Q! will increase/

decrease and more/less current will flow through Q1.

------ e e T e Tt Tt gt ot T S T et

increase and mere .

15. IBécause ef the increased current through R5 the voltage drop across

this resistor increases.\ The total voltage drop across RS and Cl approximates
the 12’volts across Zener diode CR1. The increased voltage drop across RS
causes a corresponding decrease in the véltage drop across Cl. The smallef =~
voltage drop across the capacitor delays the time it takes Cl to charge to

its maximwn potential and thus the T Lrigger Yevel.
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(::) As you study the schematic notice that CR5 and CR6 are used in both of
the bridge circuits. Since these dindes are used in hoth circuits, they
handle more current than CR3 and CRA. 1f you have concluded that the diodes
used in the control circuit, specifically CR3 and CR4, require relatively
Tittle current you are correct. A closer examination of the schematic will

v

reveal that in addition to CR5 and CR6, other components are common to both

rectifiers. These components are R8, R9, and R17.

The diodes which are common to both bridge circuits are

CRS and CR6 or CR6 and CRS

(::) The regulated 12 volts felt across Zener diode CR! is used as the
source voltage for the control circuits. By regulating this voltage, an
improvement in overall stability of -the control circuits is achieved.

The control circuits have a critical effect on the output voltage, therefore

. any improvement in their action results in better output vo]tagerregulation.

I
\Igu should note on the schematic that the 12 volts for the control circuits

are "stacked* on top of the main power supPly output voltage line. ‘This
circuit arrangement amounts to "series-aiding” the two voltages. However,
the control circuit common- is actually the main output voltage positive Tine
{terminal 18 to SCR cathodes). Thus, the control circuits only see 12 volts
that is {ndependent from the main supply. You should’confinn this fact by

tracing out the voltage across CR! and C3 to ground.




If you don’t know what it does,don’t fool. with it!

- 840.78.870
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An increase in the voltaée drob across R5 causes a/an increase/ decrease

in voltage drop across Cl.

a decrease

Because 1 takes longer to charge, the time to forward bias the

emitter-base 1 junction Q2 is delayed. This causes the UJT to fire later

and therefore the SCR “turn-on® time is délayed.

When C1 takes longer to charge, the UJT will fire earlier/later

(::) Because the UWJT, triggers at a later time, the . SCR is gated on for a
shorter périod of time. Recall that tne amount of time an SCR is gated on
determines the amount of curvent which will flow. In this case, because
current flows for a‘shorter-beriod of time, the output of the power supply
returns to non%al. Study these schematics again and try o visualize what
happens when the load current increases or when there js a change in the

input voltage.

no response required
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increase

decrease

a longer charging time for Cl
sooner

YOUR ANSWERS MATCH THE ANSWERS GIVEN ABOVE PROCEED TO TEST FRAME 22, IF

YOUR ANSWERS DO NOT ﬁATCH THE ANSWERS GIVEN ABOVE PETURN TO FRAME 11 AND
TAXE THE PROGRAMMED INSTRUCTION AGAIN.

To further help you understand how the regulated SCR power supply

operates, both input and output waveforms are shown. The waveforms shown in
Figure 7 jllustrate how the power supPly operates, under normal conditions
and how it operates ‘with an increased load current or decreased input
voltage. The solid Tine waveforms refer to the normal operating condition
and the dotted lines depict the waveforms when the circuit compensates for

an increase in load current or a decrease in input voltage.
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THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE TEST
QUESTIONS. REFER TO THE FOLD-OUT SCHIMATIC FOR THE SCR REGULATED POWER
SUPPLY IN ORDER ANSWER THL QUESTIONS.
1. Increasing the base-emitter fofyard bias of Q1 wfll

the current through RS

a. deqrease

b. increase

" ¢. have no effect on

d. stay the same

when the voltage drop acrrss RS increases, the voltage drop across Cl will
a. stay the sa B
b. increase

¢. decrease

d. reverse polarity

Any increase‘in the volitage drop across R5 results in
a. a 1onger-chargfng tiﬁe for C1.
b. a shorter charging time for Cl
¢. no change in the charging time for Cl
) d. cannot determine based on information given
Hhen Cl charges fastér, the UWJT will fire 5
a. later ) |

b. sooner

¢c. at the same, time
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Figure 7
SCR CONDUCTION TIMES

The control circuit causes Q2 to trigger the SCRs earlier to

compensate for a/an in load current or a/an

input voltage.

a. increase, increase
decrease, decreasc
decrease, increase

increase, decrease

increase, dacrease




INPUT OV
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(BASE § OF Q2)

I
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R

CURRENT TO FILTER OA £

NORMAL OPERATING WAVEFORMS
INCREASED LOAD CURRENT/QECREASEQ INPUT VOLTAGE WAVEFORMS

Figure 7
SCR CONDUCTION TIMES

Notiée that the bottom three waveforms reflect current output. When Jperating
nonﬁa]]y the SCRs are triggered “on" approximately at the mid point of

the sine wave cycle. Q3 is triggered orlfired during the positive alternation
anﬁ (4 is triggered during the negative alternation. Tc compensate for
.an incre;;ed load current or decrease in input voltage, the control circuit
causes the UJT to trigger the SCRS earlier as shown by the dotted Tlines.

Make sure you understand the conditions which will cause the UJT to trigger

the SCRs earlier before proceeding further.
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¥

A decrease in load current or an increase in input voltage

cause§ the UWT to trigger the SCRs earlier
causes the UJT to trigger the SCRs later
has no effect on the firing time of the SCRs

must be directly proportionel to the charging time of Cl.

v A e S S g o e T e T e kU kW W

b. causes the Wi to trigger the SCRs later

—

(::) Again refer to the schematic for the SCR gegulated power suPply and

notice that R17 is variable. This allows for the édjustment of the

forward bias of Ql, which ultimately afféctsfthe chargiﬂq‘fime for C1,

and the pulse 6r triggering time of Q2. When the wiper arm of R17 is

rotated clockwise, the forward bias voltage for Q1 is 1es§, this

increéses the resistance of-Q1 and the charging voltage for Cl.

Because of the increasé in charging voltage, Cl chafges faster. . This

causes the UJT to pulse earlier, thereby firing the SCRs sooner and providing
an increase in output voltage. Study the schematic in order to understand

what happens when the wiper arm of R17 is rotated counterclockwise.

no response required
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The waveforms shownin Figure 8 indicate what happens when the load

ﬂeCregggs or the input voltage increases,
] N -

INPUT OV — — —

( TERMINAL 4 WITH RESPECT
TO TERMINAL 3)

TRIGGER PULSES OV r-\ r\ [\ [&.

(BASE 1 OF 02)

Q3 CURRENT 0A - -~ I-\

03 CURRENT 0A -- _ -

CURRENT TO FILTER 0A . lx [\

Figure 8

SCR CONDUCTION TIMES

When ;tudying the waveforms refer also the the schematic for the SCR
regulated power supply. A decrease in load current, or an increase in
input voltage, increases the voltage at test point 3. This causes additional
current through Q1 and increases the voltage drop across RS. Because

of the increased voltage drbp across the resistor, the charging time for

Cl is delayed. Since Cl reaches maiimum potential later, the trigger,

or pulse time, of Q2 is also delayed. This results in a2 later turn on

or gating time for the SCRs,
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4.

Thirty-4

Any increase in the voltage at TP3 will

a. have no effect on the WT triggering time
b. cause the WT to trigger later

¢. cause the WT to trigger sooner

d. cause an overload for the control circuit

Q2 triggers SCRs Q3 énd Q4 earlier to compensate for

a/an =

a. increase in load current or increase in input voltage
decrease in load current or decrease in input~vol£ége
qincrease in load current or decrease in ipput voltage

decrease in lo.d current or increase in input voltage
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(::) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR

ANSWERS WITH THE ANSWERS GIVEN ON'THE TOP OF THE PAGE FOLLOWING THE TEST
QUESTIONS.
REFER TO THE FOLOOUT SCHEMATIC FOR Tin SCR RUGULATED POWLR SUPPLY IN ORDER
TO ANSWER THE QUESTIONS IN THIS TEST FRAME. |
1. The conduction time of Q3 and Q4 depends on the pulse or triggering time
of
Q1
Q2
CR1
CR2
The output voltage of the SCR power supply may be increased by
a. applying a negative voltage to the SCR gates
b. holdiﬁg the SCR gate voltage constant
c. tfiggering the SCRs sooner
d. delaying the triggering time of the SCRs
The variable component which influences the charging time of
Cl is |
01
Q2
R2
C1




Q2

triggering the SCRs sooner

Q1
cause the WT to trigger later

an increase in load current or decrease in input voltage

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. 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 INSTRUCTION, AUDIN/VISUAL MATERIALS. (IF
APPLICABLE), OR -CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YQU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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As you study this block diagram, you. should note that thg SCR power supply &
is a type you examined in Lesson 3; for example a Bridge rectifier and
filter. A sample of the DC output voltage from the supply is used to
establish a OC error voltage for the control circuit, The control circuit
will convert the DC error into time varying gate triggers. The gate
triggers are used to adjust the conduction time of the SCRs in the main

SCR power supply to compensate for changes in input voltage or load current
and maintain-a constant output voltage,

A typical control circuit for controlling the output of the SCR power
supply is shown in Figure 2.

+Vce _ + +

EA:LY NORMAL DEl;AYED
1\ |\\

N | \ , | s
ov L S g

b .

time —-

/

OUTPUT

COMMON

Figure 2
CONTROL CIRCUITS

The control circuit is made up of two interrelated, yet different
circuits. The control amplifier circuit consists of Ql, Rl and R2. The
second circuit is a pulse generator, This circuit is similar to the
unijunction trigger circuit you studied in Lesson 2 of Module 25. It is
used to pulse, or fire, the SCRs in the power supply. The triggering
frequency of the total control circuit is determined by the action of Cl
and the combined resistance of Q1 and R2, Since Ql's internal resistance
is in parallel with C1, it influences the charging time of Cl,

When the capacitor charges fast, the forward bias between the emitter and
base 1 of the unijunction Q2 is achieved quickly. When sufficient
forward bias is present between the emitter and base 1 of the unijunction,
jt fires the SCR. The waveforms shown on the right hand side of the
schematic indicate firing times in relation to times when the SCR is
fired early, at the regular time, and finally when the firing time is
delayed.
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NARRATIVE
LESSON 4

SCR Regulated Power Supplies

In Lessons 2 and 3 you learned about voltage and current power supplies -
and the advantage of the SCR power.supply over a conventional diode power
supply. The purpose of this lesson is to acquaint you with the control
circuitry which regulates SCR power supply circuits.

Recall that the major advantage of the SCR power supply is that it
provides maximum output power with minimum internal power loss.

Because the conduction time of the SCRs in an SCR power supply determines
the output voltage of the power supply, a method for controlling the
conduction time has been developed. By controlling the conduction time

of the SCRs, the output voltage and ultimately the power which reaches

the load are controlled. Regulating, or controlling, the conduction time
of the SCRs is also used to compensate for changes in input-voltage or load
current. This assures a constant regulated DC output. .

The basic block diagram of an SCR regulated power supply is showr in
Figure 1. '

GATE—e —AA_ |CONTROL

TﬂHGGEﬂS I""""' CIRCUITS

SCR
POWER i REGULATED DC

DRSS pp Y OUTPUT

CIRCUIT

)IC ERROR VOLTAGE

- Figure 1
SCR REGULATED POWER SUPPLY
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Ecy

T
TRIGGER
LEVEL

CUMMON

Figure 3
PULSE GENERATOR

During time frames TO through T1, there is no output from the pulse gener-
ator circuit, since C1 has not yet charged to the firing level of Q2, When
the capacitor reaches the firing level of Q2, the emitter-base 1 junction of
the WT becomes forward biased, This causes the UJT to conduct and allows
Cl to discharge through resistor R4, The capacitor discharge is shown as a
waveform (commencing at time T1) to the right of the schematic. Recall that
once the UJT becomes forward biased it conducts and triggers the power
supply SCRs. Q2's output 9ates the SCRs on. After Cl1 discharges, the WT is
again reverse biased and current no longer flows between emitter-base 1,
Coficerning the SCR, recall that the SCR gate turns or triggers the SCR “on"
until the AC input voltage reverse biases the SCR.

Thus far, the effect of the charging and discharging of Cl in the pulse
generator circuit has been described. Since Q1 effects the pulse generator
circuit it is necessary to understand its operation in relation to this
circuit. The schematic diagram shown in Figure 4 and associated waveforms
will help you understand how this transistor operates in the pulse generator
circuit, -Q1 is depicted as a variable resistor in the schematic to convey
the idea that its resistance changes depending on the change in its forward
bias. These changes effect the charging time of C1 and ultimately the
firing or triggering time of the WT, .
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Refer to the schematic shown in Figure 2, and recall that changes in the
farward bias of Q1 result in corresponding changes in the resistance of the
transistor. If you cannot recall this relationship it will be to your
ddvantage to re-study Lesson 2 of this module. Now consider what happens
when a positive error voltage is applied to the base of Q1, as a result of
an increased input voltage or decreased load current. The larger forward
bias on Q1 causes its internal resistance to decrease. Since the internal
resistance of Ql parallels Cl, the voltage that attempts to charge Cl is
reduced. This increases the time it takes to charge Z1 to the firing
potential for unijunction transistor Q2. This results in a later turn-on
time for the SCR. Take some time and consider what happens when a less
positive error voltage is applied to the collector of Q1. The schematic
shown in Figure 3 is for the WT trigger or pulse circuit. Understanding
how Cl-and the UJT operate to trigger the SCR, will enable you to understand
how a regulated power supply operates. Waveforms have been shown adjacent
to the schematic together with time frames in order to help you understand
the total operation of the pulsing circuit.

Ee,
Ul !
Rz Ra
LEVEL o,
B2
T/-‘- G2 \ h
I > + OUTPUT
e . 1B e
i 4
l' DISCHARGE ;3 9
N - ——— / )
> &> I; —
COMMON
Figure 3

PULSE’ GENERATOR
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Figure 4§

PULSE GENERATOR ACTION

When you study the power supply circuitry you notice that there are two
bridge tyre rectifiers shown. The main bridge rectifier consists of SCRs

Q3 and Q4, and diodes CR5 and CR6. The other bridge circuit is comprised

of CR3, CR4, CR5, and CR6. The function of the conventional diode bridge
circuit is to provide a positive DC output voltage which is regulated by

Rl and CR1. This regulated 12 volts is used as an independent source
voltage for Q1 and Q2 in the control circuits. By regulating the contre!
circuit voltage, an improvement in-stability is noted, thus providing better
requiation of the main SCR power supply. You Should examine the schematic
to see that this regulated 12 volts is “stacked” on taop of the main power .
supply voltage output line. For example, if you were to measure the voltage
at the cathode of CR1 to ground, you would find that this voltage was equal
to 12 volts plus the main regulated output voltage. You can see why this
occurs by tracing out the circuit from the cathode of CR1l, across C3 to
ground. Of course the control circuits see only 12 volts.

The schematic shows that CRS and CR6 are common to both of the bridge
circuits. Because these diodes are used in both circuits they conduct more
current than CR3 and CR4. CR3 and CR4 are only used in the control circuitry
and therefore, conduc{ very Tittle current. A close examination of the
schematic’will reveal that R8, RO amd R17 are conponents which are also
common to both rectifier circuits.

Because You are already familiar with how bridge type SCR rectifiers
work, the remainder of this lesson will concentrate on the regulator
control circuitry. Remember that the control circuit is shown with Tight

- 238 240
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Figure 4§
PULSE GENERATOR ACTION

The waveform at the left hand side of the sChematic Shows both the normal
triggering conditions and the changes when the load current decreases or the
input voltage of the power supply ¥nCreases.

When a more positive error voltage is applied as inpui, Q1 becomes
forward piased and its internal resistance decreases. The smaller
resistance of Q1 reduces the voltage at the voltage divider Jjunction of
R? and C1, thereby increasing the time required for C1 to charge and
delaying the pulse or trigger time of the UJT. Because the WT triggers
the SCRs later, conduction time is reduced and output voltage of the
power supply is reduced.

Refer again to the schematic and congider the action of Ql when the load
current increzses or the input voltage drops. Either of these conditions
cause Q1's resistance to increase and therefore Cl charges quicker. This
results in the UJT being triggered earlier resulting.in a greater output.
Remember inCreases in load current or decreases in input voltage, result in
an early firing time for the ¥WT and SCR whereas a decrease in load Current
or an increase in input voltage result in a later WT firing time and turn
on for the SCRs. Make sure you understand these concepts before you proceed
further with this Tesson. : '

So far the instruction has been concerned with circuits which control
the ‘SCR power supply. The schematic for an SCR power supply together
with regulator control Circuitry is shown on the fold-out at the end of
this module. - This schematic is for the NIDA SCR regulated power supply
which you will be required to use as part of the job program and

for the remainder of the lesson.

To help you understand the interrelationships of the cirCuijEf:‘ij;
ines

rectifier and filter circuit has been designated with heavy nd the

regulator, or control circuitry, is shown with 1ight Tlines.
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Narrative Thirty-4

The waveforms shown in Figure 6 indicate what happens when the load
decreases or the input voltage increases. WNotice that in this case the
trigger of the UJT fires the SCRs at & later time and the SCRs conduct
for a shorter duration. Study the waveforms shown in Figures 5 and € in
conjunction with the fold-out schematic for the NIDA power supply and
control circuitry. '

INPUT OV —

( TERMINAL & WITH RESPECT
TO TERMIKAL 3)

TRIGGER PULSES OV
(BASE 1 OF 02)

03 CURRENT O

Q& CURRENT OA

CURRENT TO FILTER OA

Figure 6

DECREASE IN LOAD CURRENT OR INCRLASL IN INPUT VOLTAGE WAVEFORMS
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Narrative ' Thirty-4

1ines on the schematic. . The operation of the various components which

make up the circuit will help you understand the total operation of the
NIDA power supply. If the load current decreases, the voltage at TP 3 shwwn
on the right hand side of the schematic, will be greater. Because of this
increased potential, the base-emitter forward bias of Q1 increases. This
results in a iecrease in the transistor's resistance and additional current
flows through R5. Beczuse of this, the voltage drop across R5 increases.
This delays the time it takes C1 to charge to the WT trigger level and
causes the unijunction to fire later. Since the UJT fires later, the SCR
turn-on time is delayed. Again refer to the schematic and consider what
harpens when the load current increases or the voltage at test point 3
decrrases.

The input and output waveform shown in Figure 5 should also help you
understand how the power supply operates. Normal operation is shown with

a solid line and the broken lines show how the circuit compensates for an
increase in load current or a decrease in the input voltage. Please notice
that the bottom three waveforms indicate current output.
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CURRENT TO FILTER 0A
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INCREASED {0AD OR DECREASED INPUT VOLTAGE WAVEFORM..:........

Figure 5
SCR REGULATED POWER SUPPLY WAVEFORMS
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