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MIT.ITARY CURRICULUM MATERTALS

The military-developed curriculum materials in this oourse
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" jination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these, courses was to make curriculum materials
developed by the military more accessible to vocational
edudators in the civilian setting. ‘

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for '
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either cmitted or appro-
val for their use 'was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form frofn the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access o military curriculunn materials is
provided through a “Joint Memorandum of
Understanding’’ between the U.S. Office of
Education and the Department of Defense.

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

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

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

Shirley A. Chase, Ph.D.
Pro;ect Dlrtz‘gtor
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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 Coordination Centers and other
instructional materials agencles for dissemi-
nation.

\
Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks apd 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
Comrmunications
Dialting Navigation
Electronics Photography
Engine Mechanics  Public Service

Supervision
Meteorology &

The number of courses and the subject areas

represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.

How Can These
Maﬁ@n’naﬂs I@ @btamed@

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional mate,rlals agency
closer to you.
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Coursa Description:

1 t

This is the second course of a two-course series designed to upgrade an Aircraft Electrical Specialist {skilled) worker to an Aircraft Electrical Technician
{advanced) level. It contains advanced information on trouble analysis, supervising, and problem solving of aircraft electrical systems. Course pre-
requisites are basic electricity/electronics and the Aircraft Electrical Repairman, 2-1, course.

. 4

This course contains one vojume covering six chapters. An additional four chapters on careers, supervision, and shop equipment were deleted because
of references to specific military organization and equipment.

Chapter 5 —

Chapter 6 -
Chapter 7 —

€hapter 8 -
Chapter 9 -

Chapter 10—

Use and Maintenance of Electronic T4st Equipment contains information on resistance, current, voltage measuring equipment,
and special aircraft power systems test equipment.

Analyzing Complex DC Circuits covers magnetic circuits, analyzing conduction and complex DC circuits.

Reactors in Circuit Relationships discusses reactance and frequency in circuits and circuit application of reactors.
AN

Diagnosing Malfunctions in a Multi-Generator DC Power System contains information on generator systems and component
operation, power distribution systems, and systems analysis.

Multi-Generator AC Power Systen| Problems covers AC generator system descriptions, generator system components and circuit
operation, power distribution sysrems and system malfunctions.

Analyzing Control and Warning System Problems discusses fire warning systems, master caution circuits, fuel system circuits,

nose wheel steering circuits, and logical troubleshooting.

This course contains one volume .of text material; a student workbook containing objectives, reading assignments, chapter review exercises and answers;

a volume review exercise; and two illustration booklets for use with the student exercises. The'course was designed for student self-study and evaluation

o

in a shop or on-the-job learning situation. It can be Implemented as is or used as supplemental material in both aircraft maintenance courses and advanced
electrical application courses.
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Preface

THE FIRST five chapters of this volume deal with the supervision and management
of an electrical ,maintenance activity. Chapter 1 covers the specialty description for
the aircraft electrical repair technician and discusses your duties and responsibilities as
defined in AFM 39-1." The chapter also presents your responsibilities under the USAF
Safety Program and provides a review of communications security.

Chapter 2 gives you the information you need to operate an electric shop-a typical
shop organization, the levels and types of maintenance, how to establish bench stocks,
acquire tools and equipment, and set up and maintain a technical order file.

Chapter 3 -gives 7-level knowledges related to supervision and training in a
maintenance environment. The discussion of supervision relates to the new worker,
personnel relations in supervision, and how to improve work methods. The chapter
also covers airman performance reports, the ATC graduate evaluation program, and
training.

Chapters 4 and S deal with the opeération, maintenance, and malfunctions of shop
and electric test equipment and with the responsibility for the calibration and adjustment
of such equipment. In addition, these chapters cover the use of -resistance-, current-,
and voltage-measuring equipment, discuss special test equipment, and provide
information on the use of logic trees on modern-day aircraft.

" Chapters 6 through 10 deal with the analysis of electrical and electronic control
systems. They present a brief review and then_ap expansion on electrical principles,
coupled with a general study of electrical/electronic systems for which you as a
technician may be responsible. Chapters 6 and 7 are a review of dc and ac principles.
Chapter 8 covers the operation and maintenance of a multi-generator dc power system.

pter 9 is an in-depth look at a transistorized ac power system. It also includes

e operation and maintenance of the system. Chapter 10 provides a detailed explanation
of four of the most troublesome warning systems and explains the operating
characteristics and maintenance of these systems. In this chapter you will also study
logical troubleshooting procedures. '

As you study the chapters that relate to systems, keep in mind that the discussion
is general. The aircraft which you are presently assigned to maintain may be somewhat
different, but the principles of operation are basically the same.

The 83 illustrations (figures 1-83) and the 16 schematic foldouts (numbered 1-16)
ar€ bound separately in two books of illugjrations, one for illustrations and one for
foldouts. When the text makes reference to a figure or a foldout, turn to the appropriate
supplement and locate the referenced visual aid. Code numbers appearing in the lower
right.hand corner of fig@res are for preparing agency use only.

If you have questions on the accuracy or currency of the subject matter of this
text, or recommendations for its improvement, send them to Tech Tng Cen (TSOC),
Chanute AFB IL 61866. <

If you have questions concerning course enrollment or administration, or any of
ECl's instructional aids (Your Key to Career Development, Study Reference Guides,
Chapter Review Exercises, Volume Review Exercise, and Course Examination), consult
your education officer, training officer, or NCO, as appropriate. If he cannot answer
your questions, send them to ECI, Gunter AFB, Alabama 36114, preferably on ECI
Form 17, Student Request for Assistance.

This volume is valued at 66 hours (22 points).

Material in this volume is technically accurate, adequate, and current as of
November 1975.

il
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) LIST OF CHANGES a
/
R " CARLER FICLDS, POLICIES, PROCEDURES AND EQUIPMENT CHANGE. ALSO ERRORS
i OCCASIONALLY GET INTO PRINT. THE FOLLOWING ITEMS UPDATE AND CORRECT
12270 YOUR COURSE MATERIALS. PLEASE MAKE THE INDICATED CHANGES.
e DTIVE DATE ~

L
L

LHIFPING LIST ™
20 Apr 76
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=OTE TC STUDENT

Save 42370 01 IOl 0570 and 42370 01 IO2 0570 as you will néed

smage when you fake cthe Course Examination.

-~~~

1. Page 3C. para 9-5, line 12: Change "CR32" to "CR23."

m. ‘tage 35, para 10-8, line 18: Change "374" to "375."

r ‘age 53, col 1, line 15: Change "36.2" to "38.8." Line 19: Change "36.2"
n "218.2 " Line 20: Change "1.74" to "1.87." Line 22: Change "1.74" to "1.87."
_.ne z3. Change "7.66" to,"7.53." Col 2, line 4: Change "7.66" to "7.53."
_ine 5: inange "38.3" to "37.7." Line 7: Change "]1.74" te "1.87." Line 8:
(t.anze " 4.8" to "37.4.\' Line 10: Change "38.3" to "37.7" and "34.8" to "37.4."

»
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LIST OF CHANGES
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;l-(qun‘ss [ CAREER FIELDS, POLICIES, PROCEDURES AND EQUIPMENT CHANGE. ALSO ERRORS
OCCASIONALLY GET INTO PRINA. THE FOLLOWING ITEMS UPDATE AND CORRE(
42370 YOUR COURSE MATERIALS. PLEASE MAKE THE INDICATED CHANGES.
EFFECTIVE DATE R C . ' ‘
DF SHIPPING LIST
30 Apr 76 .o

fi
|

1. CHANGES FOR THE TEXT: VOLUME 1 (Continued)

n. (Continued) Page 53, col 2, line 16: Change "28.3" to "37.7" and "34.8"
to "37.4." Line 17: Change "3.5" to ".3." Line 20: Change "3.5" to ".3."
Line 21: Change "3.5" to ".3." -1 1 L e

o. Page 5§, para 15-10, line 1: Change "technician" to "repairman."
' . -

p- Page 101, Bibliography, AFR 205-1: Change titleffrom~”Safeguarding Classi-
fied Information" to "Information Security Program" dated "1 Feb 1973." AFM 39-62:
Change date to "1 May 1974." .

N, ‘
N
2. CHANGES FOR THE SUPPLEMENT: 42370 01 IOl‘0570, VOLUME 1, FIGURES 1-83
a. Eliminate the "Note" below Figures 15, 16, 17, 18 and 19.

b. Page 16, Fig 22: 1Install a switch symbol in the series circuit of the
. meter schematic. ‘

c. Page 18, F;g 25 (a) & (Bj: Change "100 u" to "100 upa" and shunting
resistor "1.11 @ " should be "11.1 Q."

3. CHANGE FOR THE SUPPLEMENT: 42370 01 IO2 0570, VOLUME 1, FOLDOUTS. 1<16
Eliminate the "Note" below Foldout 2 (left side).

4. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 1

W,
BN

b. Page .22, question 7: Add "not" between "important" and "to."-
c. Page 52, Chapter Review Exercises, gquestion 72: Delete.
d. Page 53, Chapter Review Exercises, questions 73 and 74: Delete.

e. Page 71, Chapter Review Exercises, answer 37: Change "El = -99.8" to
"El = -9.98." .

f. Page 79, Chapter Review Exercices, answers 72, 73 and 74: Delete.

Q. Question 123 is no longer scored and need not be answered.

NOTE: Change the curfency date to "November 1975." .

O
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CHAPTER'S
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AS AN electrical technician you will be called upon
to put new equipment into operation, to perform
preventive or scheduled maintenance, and to repair
equipment.  Many types of test equipment are
available to help you perform these jobs efficiently,
You must have a good understanding of the

design, and operation of your test
equipment in order to interpret the information
given.  Your,knowledge of testing techniques will

lighten your workload as well as udd to your ability
as a technician.

3. In this chapter we will very briefly review
and then expand upon the operatmg principles of
resistance, current, and voltage- -measuring equipment.
Also, to be discussed later in this chapter is special
aircraft power systems test equipment.

10.  Resistance, Current, and V.oltage-Measuring
Equipment
10-1. - Measuring instruments are tools which

make use of magnetism and electromugnetism to
provide essential information about electrical circuits.

~ Several types of instruments are designed for use in
direet-current circuits, and others for use. in
alternating-current circuits. The poyyer consumption
of any electrical measuring. device should be small
in comparison with the power available in the circuit
under test. The following paragraphs contamn
information on the construction and application of
the types of equipment generally used for test
purposes,

10-2.  Resisrance-Measuring Devices. The three
types of resistance-measuring devices to be discussed
are the ohmmeter, megger, and Wheatstone bridge.
To use these instruments” effectively you must be
acquainted with the calibration of the meter scales,
especially on the higher ranges, because it is not often
possible to obtain accuracy on the maximum scale
range of the meter. An ohmmeter used in field
testing should be portable, convenient, and'simple to
operate. These factors are generally more important
then extreme accuracy. The infomation in the
following paragraphs will help you select the

USE AND MAINTENANCE OF

. current in the meter movement,

/U

ELECTRONIC TEST EQUIPMENT

10-3.  Ohmmerer. The ohmmeter is a device
that uses a current-actuated meter and a fixed source

-of voltage for the/measurcment of resi8tance values.

It is used for practical work where simplicity,
portability, and ease of operaticn are more important
than a high degree of precision. Ohmmeters niay
be of the series or shunt type. The first type of
ohmmeter to be discussed will be the series type. .

104. a. Series type ohmmeter. A simplified
schematic of an ohmmeter is shown in figure 20. As
you can see from the scliematic, E is a source of
emf, R1 is a variable resistor used to zero the meter,
(M), and R2 is a fixed resistor used to limit theﬂ
Points A and B are
test terminals.

[0-5. If A and B are connected togetiier (short
circuited), the meter, the battery, and resistors R |
and R2 form a series circuit. With R1 set so that
the total resistance in the circuit is 4500 ohms, the
current through the meter is | ma, and the needle
deflects full scale. Since there is no resistance
between A and B. this position of the needle is
labeled zero. If u resistance equal to 4500 ohms is

placed between terminals A and B, the total
resistance is 900Q ohms, and the current is .S ma.
This action will cause the needle to deflect to

half-scale.  This half-scale reading is labeled 4500
ohms. This means that the half-scale reading is equal
to the internal resistance of the meter.

© 10-6. If a resistance of 9000 ohms is placed
between terminals A and B, the needle deflects
one-third scale.  The left side of the scale is.
therefore, labeled infinity to indicate an infinite
resistance. Resistances of 13.5-K and [.5-K ohms
placed between terminals A and B will cause a

- ‘deflection of one-fourth and three-fourths of the

measuring device that best meets the needs of your «

job. £

e ¢

Q
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scale, respectively.

[G-7. To enable the meter to indicate any value
being measured with the least error, scale
multiplication features are incorporated in most
ohmmeters. For example, a typical meter will haye
rour test lead jacks marked as follows: Common,
RX1, RX10, and RXI00. The common jack is
connected internally through the battery to one side
of the moving coil of the ohmmeter. This is shown

/o
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in figure 21. The jacks RX1, RX10, and RX100
are connécted and labeled to show the three different
size resistors lo¢ated within the ohmmeter. Although
the resistors are labeled in figure 21, on a meter the
jacks are individually labeled.

10-8. Some ohmmeters ar¢ equipped with a
selector switch for selecting the multiplication scale
desired. In this way only two test lead jacks are
necessary. Other meters have a sepasate jack for each
range, as shown. The range to be used for measuring
any particular unknown resistance, RX, depends
upon the approximate ohmic value of the unknown

b

resistance. For e%ample, assume that the ohmmeter

scale shown in figure 21 is calibrated in divisions from
'0 to 1,600. If RX is greater than 1,000 ohms, and
the RX1 range is being used, it cannot be measured
by the ohmmeter. This occurs because the combined
series resistance of resistor RX1 and RX is too great
to allow sufficient battery current to flow to deflect
the pointer away from infinity . The test lead will
have to be placed into the next range, RX10. Next,
assume that the pointer deflects to indicate 375
ohms. This will indicate that RX has 374 x 10, or
3,750 ohms resistance. The change of range caused
the deflection because resistor RX10 has only
one-tenth the resistance of resistor RX1. Selecting
the smaller series resistance permits enough battery
current to floew to cause a notable pointer deflection.
If the RX100 range were used to measure the same
3,750-ohm resistor, the pointer will deflect still
further to the 37.5-ohm position. This increased
deflection will occur because resistor RX100 has only
one-tenth the resistance of resistor RX10. Some
ohmmeters have a special scale called a low-ohm scale
for reading low resistances. A shunt type ochmmeter
circuit is used for this scale.

10-9. b. Shunt type ohmmeter. Shunt type
ohmmeters are used to measure small values of
resistance. In the schematic circuit shown in figure
22, E is applied across a limiting resistor R, and a
meter movement in series. Resistan(ie and battery
values are chosen so that the meter movement
deflects full scale when terminals A and B are open.
When the terminals are short circuited, the meter
shows zero. The unknown resistance, RX, is placed
betweer: terminals A and B. This is in parallel with
the meter movement. The smaller the resistance value
measured, the less the current flow through the meter
movement. The scale of a shunt type ohmmeter is,
therefore, a direct scale; that is, values increase from
left to right. h

10-10. The value of the limiting resistor, R,
is usually made large compared to the resistance of
the meter movement. Thus, the value of RX
determines how much of this constant current flows

through the meter and how much flows through RX. -

Note that in a shunt type ohmmeter current/
constantly flows from the battery through the meter
movement and the limiting resistor. Therefore, when
using an Qhmmeter with a low-ohm scale, DO NOT
leave the switch in the low-ohm position.

10-11. Ohmmeter applications include
resistance .measurements, continuity checks, and
inductor, capacitor, and transformer  tests. A
transformer may be tested by checking for opens,
shorts, low insulation resistance to ground, or
improper continuity withiri the transformer windings.
Also, capacitors may be tested to determine whether
they are open or shorted. When an ohmmeter is
placed in series with a capacitor, the ballistic kick
of the meter, caused by the-charging current, is
proportional to the capacitance of the capacitor. The
deflection obtained can be compared with the
deflection of a capacitor of known value,

10-12. As you can see from the operation of
the ohmmeter, it cannot be used to make precision
measurements of very low or very high values of
resistances. - Low resistances requiring precision
measurement should be measured with a bridge type
of instrument. The'meggcr type meter should be used
to measure the higher resistances. The megger will
be the next measuring device to be discussed.

10-13. Megzer. When measuring high
resistances, ohmmeters are limited because of the
higher voltage ‘required to produce readable:
indications. The higher voltage requiregnents‘are
overcome by the megohmmeter (megger). A megger
is used to measure resistance as high as 100 gigohms.
A gigohm. is 1 x 109 ohms.

10-14. The megger consists of two coils: A
and B. These coils are rigidly mounted on a moving
system located within a field assembly, as shown in
figure 23. In contrast to the movements previously
described, there is no restraining spring in the megger.
Balance is accomplished by mounting the two coils
at right angles to each other so that they will exert
opposing forces on the moving system. The pointer
will come to rest at a point of equality between the
forces. Spring supported, jewel bearings provide a
nearly frictionless motion around a C-shaped,
soft-iron core. When no current is flowing in either
coil, the pointer (which is said to be "floating'") may
come to rest anywhere along the scale. The voltage
source is a hand-driven or motor-driven direct-current
generator. Usually, the output is 500 volts, although
some ratings are as high as 2500 volts.

10-15.  Coil A, called the current coil, is
connected in series with a resistance between one side

yof the generator and the ungrounded line terminal.
Coil B, called the potential coil, is connected in series
with another resistor across the full output of the
generator. When there is nothing connected to the
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output terminals, no current can flow in the current
coil (A). If the handcrank is tumed under this
condition, control is affected solely bythe potential
coil. It turns until it is aligned at right, angles to
the pole pieces. The pointer then indicates infinite
resistance. When a resistance is connected across the
output terminals, current flows in the current coils.
The resulting torque turns the potential coil away
from the infinite resistance positien. This movement
stops when there is a balance between the opposing
forces. The new position depends upon the resistance

connected to the output terninais of the megger. If

a very low resistance is connccted to the output
terminals, the pointer will be pull.d toward zero. The
current coil is protected against excessive current by
the series-connected resistor.

10-16., One of the outstanding features of the
megger is the independence of the wdications with
respect to the speed at which the crank is turned,
or the strength of the permanent magnet. This is true
because the generator supplies current to both coils
so that any change in its output voltage affects the
coils in the same proportion. As a result, the pointer
moves to the same position when a particular
resistance is connected to the output terminals of the

megger.
10-17. Before connecting the megger to the
equipment to be measured, all power should be

disconnected. Because of the small amount of torque
and the lack of balance springs in the movement, the

megger should be kept in an upright position and .

placed away from a strong extemal magnetic field
so that the geading will not be affected. The test
be connected to the megger and the
megger tested for leakage. With the test leads open,
hoe!d read infinitv. When the test leads
are short circu. «d, the meter should read zero.

10-18. Commnect the test leads to the device
whose insulation resistance is to be checked. Rotate
the handcrunk untit a steady meter reading is
indicated. A reading should be taken which should
be compared to the proper value of insulation
resistance. It is important that the insulation
resistance be measured at the same temperature each
time an insulation test is made. Why? Because the
resistance of insulation drops sharply at high
temperatures. For example, the insulation resistance
between the stator winding of a certain slow-speed
generator and the frame is 100 megohms at 85° F.
The insulation resistance of this same equipment falls
to only 10 megohms at 140° F.

10-19. We have discussed the application of the
ohmmeter which is used for resistance and continuity
tests and which has a range of a few megohms. We
have also discussed the megger which is used to
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measure insulation resistance as high as 100 gigohms.
For more accurate resistance measurements. the
Wheatstone bridge’ may be used.

10-20. Wheatstone bridge. Bridges are one of
the most accurate measuring devices used to measure
values of resistance. Certain types of bridges are
more suitable for the measurement of a specific
characteristic of a circuit than arc other types of
bridge test equipment. The type of bridge to be
discussed is the Wheatstone bridge. It is a very
accurate instrum'éfnt for making resistive measure-
ments.

10-21.  The circuit shown in figure 24 is that
of a Wheatstone bridge. The comparing circuit
contains branches A and B, and the provisions for
changing the ratios of these branches with respect
to each other. In this way, various measuring ranges
can be obtained. The measuring circuit also contains
two branches. The resistance to be measured is
connected to branch X of the bridge measuring
circuit. Branch S contains the variable control used
to bring the bridge into a balanced condition. A
potentiometer is used for this purpose in most bridge
equipment because it offers a wide range of smoothly
variable current changes within the measuring circuit.
The third arm of the bridge is the detector circuit.
The detector circuit may use a galvanometer for
sensitive measurements requiring high accuracy. In

the case of bridges using alternating current as the

power source, the galvanometer must be adapted tor
use in an ac circuit,
10-22. The most unfavorable condition for

making a measurement occurs when the resistance to

be measured is completely unknown. In this case,
the galvanomcter ¢annot be protected by setting the
bridge arms for approximate balance. In order to
reduce the pOsSIblllty"él damage to the galvanometer,
it is necessary to use an adjustable shunt (not shown
in figure 24) circuit across the meter terminals. As
the bridge is brought closer to the balanced
condition, the, resistance of the shunt can be
increased. When the bridge is in balance. the meter
shunt. can be removed completely to obtain
maximum detector sensitivity. '

10-23. Figure 24 shows that the signal voltage
in the A and B branches of the bridge will be divided
in proportion to the resistance ratios of ils
component members,
values selected. This same signal voltage is impressed
across the branches of S and X of the bridge. The
variable control, Rs, is rotated to change the current
flowing through the S and X branches of the bridge.
When the point is reached where the voltage drop
across branch S is equal to the voltage drop across
branch A, the voltage drop across branch X wull be

s,

Ra and Rb, for the range of
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cqual to the voltage drop across branch B. At this
thne the potentials across the detector cireuit are the
saime, resulting 1n an indication of a zero current flow
across the detector cireutt.  The bridge is balanced
at these settings of its operating controls.  They
cunnot be placed at any other settings and still
muaintain this balanced condition. ,

"~ 10-24. One of the most elementary precautions
concerming the use of a bridge, when measuring low
resistance. is to tighten thic binding posts securely.
You must do this to keep the. contact resistance
between the binding posts and the resistance 1o be
measured at a minimum. In those cases where wire
leads must be used to reach from the resistance under
test 10 the bridge terminals, measure the ohmic value
of tne leads prior to measurement of the resistance
under test. The resistance of the test leads can then
be subtracted from the total resistance shown on the
Wheatstone bridge.

10-25. The limitations of the Wheatstone bridge
are encountcred when very high or very low
resistances are measured. This type of bridge circuit
generally has a lower measuring lumit of 0.1 ohm,
and an upper limit of about 0.1 megohm. The
'aqcura(:) of measurements made with the Wheatstone
bridge are independent of the value of the supply
voltages. Therefore, the bridge can be supplied by
small flashlight batteries which make the unit light
and portable.

10-26.

This concludes the discussion on

resistance-measuring devices. As you know, most of

the measuring equipment used by an electrician on
the flight line or in the shop will have a D'Arsonval
Tie obiective of this chapter is
to acquaint you with the various meter circuits,
limitations, and special operating.precautions. Our
next discussion will be on current-measuring devices.

10-27. Measuring Current. An ammeter is
designed to measure current. ﬁlerefore, it must be
connectud in series with the circuit so that all the
current passes through it, This also means that, in
order to prevent an appreciable decrease in circuit
current, the total resistance of the ammeter niust be
low. . In actual practice, it is often necessary to
measure currents that are greater than the full current
range of a given meter. To permit these
measurements, It is necessary to use the laws of
parallel circuits and to connect a low resistance
conductor in parallel with the meter movement.
When used for this purpose, the low resistance

" conductor is called a shunt, and it becomes part of

the meter.

10-28, Ammerter. \When the ammeter,
consisting of a meter and shunt in parallel, is
connected in series with the circuit, the current will
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divide in such a way that the moving coil and the
shunt each carry a proportionate amount. Like any
paralle} circuit, the current in the two paths is
proportional to tne resistance of the branch.
Therefore, by proper selection, a shunt can be found
that will carry any desired proportion of the total
current. - Since lhis'“proportion between meter current
and shunt current usually remains the same, the
meter scale can then be calibrated: to indicate the
total current with only a portion of this current being
carried by the moving coil.

10-29. It is important to select a suitable shunt
wlien using an external shunt ammeter so that the
scale indication is easily read. For example, if the

“scale has 150 divisions, and the load current to be

measured i known to be between S50 and 100
amperes, a 1 50-ampere shunt will be suitable. 1f the
Lale deflection is 75 divisions, the load current is
75 amperes when using the same 150-ampere shunt.

10-30. A shunt having the same current rating
as the estimated nofmal load current should never
be used. Any abnormally high load would drivg the
pointer off scale and damage the movement. A 1ood
choicc of a shunt will bring the needle somewliere
ncar the midscale indication when the load is normal.

10-31. For limited current ranges (below 50
amperes), internal shunts are most often used. In
this manner the range of the meter may be easily
changed by selecting the correct intcrnal shunt having
the necessary current rating.
resistance of the shunt for each range can be
calculated, the resisl%nce of the meter movement
(Rm) must be known. For example,-suppose it is
desired to use a |0C-microampere D'Arsonval meter
(Im) having ‘a resistance of 100 oluns (Rm} to
measure line current up to 1 ampere. Thé meor
deflects full scale when the current through the
100-ohm coil is 100 microamperes. Therefore, the
voltage drop (Em) across the meter coil is IR:
¥

Im X Rm = Em
0.0001 X 100 =0.01

10-32.  Because the shunt and coil are in
parallel, the shunt must also have a voltage drop of
0.0! volt. The current that flows through the shunt
is the difference between the full-scale meter current
and the line current. In this case, the meter current
is 1060 x 10, or 0.0001 ampere. This current is
negligible compared with the line (shunt) current;

- therefore, the shunt current is approximately 1

ampere. The resistance of the shunt (RS) is:

X .
RS=’I_——
S

901 - 601 ohm °

1

-~
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b
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and the range of the 100-microampere meter has been
increased to 1 ampere by paralleling it with the
0.01-ohm shunt. ’
10-33. The 100-microampere instrument may
also be converted to a 10-ampere meter by the use
of a proper shunt. For full-scale deflection of the
meter, the voltage drop, ES’ across the shunt (and
across the meter) is still at-0.01 volt. The meter
current is again considered negligible, and the shunt
current is now approximately 10 amperes. The
resistance Rg, of the shunt is therefore:

E
S
Rg = ——

I

00l
10

= 0.001 ohm

10-34. The same instrument may likewise be
converted to a S5O-ampere meter by the use of the
proper type shunt. The current, IS’ through the
shunt is approximately S50 amperes, and the
resistance, Rg, of the shunt is:

Re Es - 901 = 00002 ohm
ST 50
S
10-35. By means of a suitable switching

arrangement, various values of the shunt resistance
may be used to increase the number of current ranges
that may be covered by the meter. Two switching
arrangements are shown in figure 25. Figure 25 (A)
is"the simpler of the two arrangements from the point
of view of calculating the value of the shunt resistors
when a number of shunts are used. However. it has
two disadvantages:

- When the switch is moved from one shunt
resistor to another, the shunt is momentarily removed
from the meter, and the line current flows through
the meter coil. Ever a momentary surge of current
could easily damage the meter.

- The contact resistance (the resistance
between the blades of the switch when they are in
contact) is in series with the shunt, but not with the
meter coil. In shunts that must pass high currents,
the contact resistance becomes an appreciable part
of the total shunt resistance. Because the contact
resistance is +of a variable nature, the ammeter
indication may not be accurate. .

10-36. A more generally accepted method of
range switching is shown in figure 25 (B). Although
only two ranges are showmn, you can use as many
as needed. In this type of circuit, the range selector
switch contact resistance is external to the shunt and
meter in each range position. Therefore, this contact
resistance has no effect on the accuracy of the
current measurement.

I3
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16-37. Ammeter coNnections.
Current-measuring nstruments should aways be
connected in series with a circuit and never in parallel
with it. Il an ammeler were connecte:! across a
censtant potential source of appreciable viltage, the
shunt would become a short circuit and he meter
would burn out. Il the approximate value of current
in. a circuit is not known, it is hest to start with
the highest range ol the ammeter. Then switch to
progressively lower ranges until a suitable reading is
obtained. '

[0-38. Most ammeter needles indicate the
magnitude of the current by being deflected from
left to right. If the meter is connected wit'y reversed
polarity, the needlc will be detlected backward. and
this action may cuuse damage to the movement. of
the meter. Now do you see why you shouid observe
the proper polarity in connecting the meter to the
circuit to be measured?. The .ineter should always
be connected so that the meter ternunals are
connected to like polarities 1n the circuit.

10-39.  Measuring Voltage. Voltmeters ure
designed to measure electrical pressure in terms of
volts. Therefore, the scale is calibruted dJirectly in
terms of volts. The D'Arsonval, or inoving-coil, meter
may be used in the construction of a voltmeter.
However, there are a few things to be considered.
In the first place, voltage is a difference in potential
between two points. To measure it, the mcter must
be connected directly across the two points. A second
factor that must be considered is that the coil of
the meter is moved by the magnetic effect of an
electrical current. Because the resistance of the coil
is purposely kept low, the current flow must not be
allowed to exceed that required for full-scale
deflection. Thus, a voltmeter operates because of
the current flow through it. The scale ‘of the
voltmeter is calibrated to indicate "the voltage
necessary to cause the current to flow in the coil
It is not calibrated to indicate current flow.

1040. Voltmeter.  The 100-microamperc
D'Arsonval -meter used as the basic meter for the
ammeter may also be used to measure voltage if a
high resistance is placed in series with thc moving
coil of the meter. For low-range instruments, this
resistance is mounted inside the case with the
D'Arsonval movement.  The resistance consists of
resistance wire having a low-temperature coefficient
and wound either on spools or tard frames. For
higher voltage ranges, the series resistance may be
connected externally. When this is done. the unit

containing the resistance is commonly called a
“multiplier.

1041.  The value of the "necessary series
resistance is determined by the current recuzi=~2 for
fulll-scale deflection of the meter and by :i": range

“e
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of voltage to be measured. . Because the current
through the meter circuit is directly proportional to
the applied voltage, the meter scale can be calibrated
directly in volts for a fixed series resistance.
1042. For example, assume that the basic
meter (mlcroammcter) is to be made iftqQ a voltmeter

The total resistance, R, of the meter coil and the
series resistance is:

The series resistance (RS) alone is:

Rg = 10,000 - 100 = 9,900 ohms"

’

1043/ “Multirange voltmeters use one meter
movement with the required resistances connected in
series with the meter by 2 convenient switching
arrangement. The total circuit resistance for each
of three ranges (1, 100, and 1000 volts), beginning
with the 1 volt range is:

R = IE _ 1 = 0.01 megohm

100 A

4

00 = 1 megohm .

100 4 A

1000 = 10 megohms
100 u A

1044. a. Sensitivity. The sensitivity of a

voltmeter is given in ohms per volt (QE). It may
be determined by dividing the resistance, R, of the
meter, plus the series resistance, RS, by the full-scale
reading in volts:

Rm +RS

sensitivity =
E

This is the same as saying that the sensitivity
1s equal'to the reciprocal of the current in amperes
for full-scale deflection:

/3"

L ohms 1 1
1 sensitivity = = =
volts volts amperes
ohms

-

S

Thus, the sensitivity of a ] 00-microampere movement
is the reciprocal of 0.0001 ampere, or 10,000 ohms
per volt.

1045.  The sensitivity can be increased by
increasing the strength of the permanent magnet, by
using lighter weight materials for the moving element
(consistent with the increased number of turns on
the coil), and by using sapphire jewel bearmgs to
support the moving coil.

1046. The accuracy of a meter is generally
expressed in percent. For example, a meter that has
an accuracy of ] percent should indicate a value that
is within 1 percent of the correct value. That is,
if the correct value is 100 units, the meter indication
may be anywhere within the range of 99 to 101 units.

1047. b. Voltmeter  connections.
Voltage-measuring instruments are connected across
(in paraliel with) a circuit. If the approximate value
of the voltage to be measured is not known, it is
best to start with the highest range of the voltmeter
and switch progressively to the lower ranges until a
suitable reading is obtained.

1048. In many cases, the voltmeter is not a
central zero-indicating instrument (needle centered
with no input). Thus. it is necessary to observe the
proper polarity when connecting the instrument to
the circuit, as is the case in connecting the dc
ammeter. When the voltage source is to be measured,
place the positive terminal of the voltmeter on the
positive terminal of the source and the negative
terminal on the negative terminal of the source. In
érﬁ/ case, the voltmeter is connected so that electrons
will flow into the negative terminal and out of the
positive terminal of the meter. e

10-49. The function of a voltmvetedy/fu‘)
indicate the potential difference between two points
in a circuit. When the voltmeter is connected across
a circuit, it shunts the circuit. If the voltmeter has
low resistance, it will draw an appreciable amount
of current. The effective resistance of the circuit
will be lowered, and the voltage reading will,
consequently, be lowered. When  voltage
measurements are made in high-resistance circuits, it
is necessary to use a high-resistance voltmeter to
prevent the shunting action of the meter. The effect
is less noticeable in low-resistance circuits, because

N |




the shunting effect is less. A meter that is designed
to measure voltages without loading t(he circuit is the
vacuuin tube voltmeter.

10-50. Vacuum tube volmmeter. The vacuum
tube voltmeter (VTVM) is an-instrument used for
measuring ac or dc voltages. [t uses one or more
vacuum tubes in a special circuit containing a meter.
The operating power for the tubes is usually obtained
from a built-in power supply working off an ac line;
however, batteries can be used. The VTW¥M is also
known as an electronic voltmeter.

10-51. The primary advuntage of the VIVM
‘over ordinary ineters, is its design to measure voltages
without loading _ the circuit Normal operating
conditions are left more or less undisturbed, since
the VIVM draws negligible current from the circuit

) under test. This is of special advantage in low-power

circuits where the conventional voltmeter changes the

circutt conditions and” produces false readings.
10-52. The VTVM can be used to measure ac
voltages over a frequency range extending from 5 to
10 Hertz to several hundredymegahertz. The VTVM
can also be wused to meysure low voltages in
high-impedance circuits, since~the inpuy/impedance
of the VTVM is usually standar&iz%‘d»u 10 megohms.
The loading effect is negligible wh&n this impedance
is placed in shunt with the circuit under test, and
low voltages can be measured with a high degree of
accuracy. The conventional meter, having a much
lower input impedance on the low-voltage ranges.
loads the circuit and produces erroneous readings.
10-53. The basic dc VTVM circuit of figure
26 consists of a triode, a source of plate voltage and
grid bias, and a dc milliammeter. The meter is
calibrated to show the voltage applied between the
grid and cathode of the tube. The negative S-volt
bias on the tube grid establishes the operating point
at cutoff, as shown in the grid voltage plate current
characteristic curve. No curmrent flows through the
tube with a O input voltage. and the meter in the
plate circuit reads 0. When a voltage is applied to
the input terminals, the plate current flows through
the circuit, thereby actuating the meter pointer.
10-54. Since the applied voltage, EX, causes
the tube to operate along the straight portion of the
characteristic curve, the increase in plate current is
directly porportional. For example, if a voltage, EX,
equal to +2 volts is applied to the voltmeter, the bias
on the grid of the tube is reduced to -3 volts, 4 ma
of current flows in the plate circuit, and the meter
pointer is deflected to indicate 2 volts. This is shown

in the figure by the horizontal and vertical dashed
lines which intercept the tube characteristic curve at
. the points indicated. When EX is ¢qual to +4 volts,
the grid bias become -1 volt and Ip is equal to S
Q
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‘the values of EX from 0 to +5 volts.
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ma. Intermediate values of the voltage can be
detennined by means of the characteristic curve for
The meter
scale can then be calibrated directly in terms of the
voltage.
_- 10-55. A simple circuit for the measurement
of ac voltages is shown in figure 27. Although this
circuit is the same as that used for the measurement .
of dc voltages, it can be used to measure ac voltages
from O to 5 volts over a wide frequency range.
10-56. When no voltage, EX = 0, is applied
to the input terminals, the tube is at cutoff because
of the negative S-volt biuas on the grid of the tube.
The meter reading at this point will be zero. The
(ixed bias is marked on the plate-current grid-voltage
curve, as shown. When an ac voltage is applied to
the input terminals, the positive alternation reduces
the negative grid bias in direet proportion to the value
of the positive half-cycle, and the tube draws current.
Since the tube is biased at cutoff, the negative
alternation has no etfect on the circuit condition.
10-57. Conduction of current on the positive
alternations of the applied ac voltage produces
current pulses having the waveforms as shown in
figure 27. The meter pointer. is unable to follow
these current pulses to indicate peak values but
responds to the average value of the current flowing
in the circuit. An examination of the plate current
waveform shows the average value of the pulse at
maximum plate current to be 3.2 ma. By selecting
a meter which requires 3.2 ma for full-scale
deflection, maximum deflection is obtained when the
peak positive alternation of the input voltage is equal
to 5 volts, and the grid bias is reduced to 0. The
meter can then be calibrated in terms of peak voltage,
since the current through the meter is determined
by the applied input voltage. AC vacuum tube
voltmeters can be calibrated to read average. peak,
or rms values. ‘
10-58. Because the VITVM is a
sensitive-measuring device, subjecting it to a voltage
above its rated limit may damage the instrument.
Always connect the voltmeter across a circuit with
the range switch initially set on the highest- range.
If this does not give enough needle deflection,
decrease the range by steps until a convenient reading
is obtained.
10-59. When using probes for high-voltage
checking, always grip the probe near the rear of the
handle. This reduces the electric shock hazard ank
also decreases the capacitive effects of the hand‘on =
the circuit. If possible, connect the probe Ao the
high-voltage circuit under test before turni
voltage in the circuit. High dc voltages, w
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capacitor of the meter. If the ac probe and a ground
point are touched at the same time, a dangerous
shock may result. To prevent this, ground the ac
probe immediately after testing such circuits.

10-60. Other precautions to follow for
high-voltage measurements are as follows:

Locate all high voltage points in the circuit
under* test before making measurements.

- Make sure that no part of your body touches
ground at any time.

-=Always break the circuit at or near ground
potential when measuring current in high-voltage
circuits.

10-61. Another instrument used for measuring
voltage is the cathode-ray oscilloscope. The
usefulness of the oscifloscope lies in its design to
portray  graphically and instantaneously the
fluctuating circuit conditions. The oscilloscope is the
topic of our next discussion,

10-62. Oscilloscope. Operation ~of the
+oscilloscope is based upon the formation and contr
of a beam of electrons used for the purpose of
producing a visible trace on a fluorescent screen. The
gencral purpose oscilloscope, shown in figure 28,
includes a cathode-ray tube, a sawtooth sweep
gencrator, horizontal and vertical deflection
amplifiers, and suitable controls, switches, and power
supplies. Let's discuss the cathode-ray tube first.

10-63. Cathode-ray rbe. The heart of any
oscilloscope is the cathode-ray tube. This is a special
type of electron tube in which electrons emitted by
a cathode are focused and accelerated to form a
narrow beam having a high velocity. The direction
of this beam is then controlled and allowed to strike
a fluorescent screen (see fig. 29). Light is emitted
at the point of impact to produce a visual indication
of the beami position. The electronic process of
forming, focusing, accelerating, controlling, and
deflecting the electron beam is accomplished by the
electron gun. The gun consists of a heated cathode,
a grid, a focusing anode (anode No. 1), and an
accelerating anode (anode No. 2). Also contained
in the tube is a deflection system for controlling the
direction of the beam coming from the electron gun.
All of these elements are contained in an evacuated
glass bulb with a Ruorescent screen. As you can see
in the figure, the inside of the glass bulb is partially
covered with an aquadag (graphite) coating. The
aquadag provides a return path for electrons, and,
at the same time, serves to electrostatically shield the
electron beam from external electrical disturbances.
Now that you have an idea of the elements contained
in the cathode-raygtube, let us take a closer look at
its electron gun, the beam deflection, and its
fluorescent screen.
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10-64. a. Electron gun. The simplified form
of the electron gun, shown in figure 29, provides a
concentrated beam of high-velocity electrons. The
* cathode is an oxide-coated metal cylinder, which,
when properly heated, emits electrons. These
electrons are attracted toward the accelerating and
focusing anodes because of their high positive
potential with respect to the cathod order to
reach these anodes, the electrons are forced to pass
through a cylindrical control grid having a tiny
circular opening which concentrates the electrons and
starts the formation of the beam. Electrons leaving
the control grid opening are strongly attracted by the
positive charge on the focusing anode (anode No. 1)
and the accelerating anode (anode No. 2). These
anodes are also cylindrical in shape and have small
openings to permit electron beam passage. Between
these anodes is an electrostatic field which influences
the” path of the electrons. h\\

10-65. b. Beam deflection. Electrostatic beam ,

deflection is accomplished through the use of two
pairs of paralle]l plates Jocated on each side and above
and below the beam. Two piites are horizontally
oriented so that they are perpendicular to the fwo
vertical plates. Thus, the electrons must pass between
each &t of deflection plates. If no electric field exists
etween the plates of either pair, the beam will

follow its normal straight line path, and the resulting

spot will be at or near the center of the screen. A
voltage potential applied to one set of plates will
cause the beam to bend toward the plate that has
the positive potentjal and away from the plate that
has the negative potential. The bending is in direct
proportion to the amplitude of the voltage applied
to the plates. The second pair of plates influence
the beam in the same manner, except that the
bending occurs in a plane perpendicular to the first.
A voltage that is variable and recurrent with time,
when applied to either set of plates, will cause the
spot to move back and forth across the screen along
a straight line. . .
10-66. c¢. Fluorescent screen. In order to
convert the energy of the electron beam into visible
light, the area®where the beam strikes is coated with
Ephosphor chemical. When bombarded by electrons,
his coating has the property of emitting light. This
property is known as fluorescence. The intensity of
the spot on the. screen depends upon the speed of
the electrons in the beam and the number of
electrons that strike the screen. In most cases, the
intensity is controlled by- varying the number of
electrons that reach the screen. All fluorescent
materials: have some afterglow which varies with the
screen material and with the amount of energy spent
to cause the emission of light. The length of time




required for thevlight output to Jiminish by a given
amouilt, after excitation has ceased, is the persistence
of the screen coating. The classification of screeri
materials is in terms of long, medium, .er short
persistence.  White and blue-white phosphors. of
short and very short persistence, are used where
ghotographic records are taken of screen patterns.

For general service work where visual observatioh is -

smportant, a green phosphor having medium
persistence is used. In viewing a line or pattern that

is traced by a moving spot of light, the persistence

of human vision, .as well as that of the screen
material, plays an important part. When the pattern
is retraced at a rate of 16 times a second, the

persistence of the eye retains the image from each

previous sweep. Therefore, the spot in its movement
is no longer’ distinguishable as a spot, and the path
traveled appears as a continuously illuminated line.
In the case of long persistence phosphor materials,
the persistence of the screen (rather than that of the
eye) will govern, and the scanning rate required to
produce a solid line will be substantially lower.
10°67.  Power supplies.” High—voltagJ and
low-voltage power supplies are required for- the
operation of the oscilloscope. As may be seen in
figure 28, the high-voltage power supply is used to
provide operating potentials to the cathode-ray tube.
The low-voltage power supply is used to supply
operating potentials to the associated oscilloscope

amplifiers and osqi% tors.
10-68. The oiput of the high-voltage power

supply is usually over 1000 volts dc, depending upon
the size of the cathode-ray tube. [ts polarity is
negative to permit the second ‘anode and the
deflection plates to be operated at ground potential.
Half-wave rectification and a simple
resistance-capacitance filter network are used for
these high-voltage applications, because the current
used to operate the cathode-ray tube is very small.
A voltage divider, which includes the focus and
intensity controls, provides the necessary operating
potentials for the various cathode-ray tube electrodes.

10-69. The output of the low-voltage power
supply is usually in the 250- to 400-volt range.
Full-wave rectification and a pi type filter network
are used in this power supply because of the
moderate current, good regulation, and low-ripple
voltage requirements.

10-70. As an experienced technician, you
should warn your personnel not to operate an
oscilloscope with the case removed. Doing so exposes
high voltages and could ledd to a fatal shock.

10-7Y. Vertrical and horizontal amplifiers. The

.vertical and horizontal deflection systems ol the

cathode-ray tube are relatively fnsensitive. Thecy
require voltages on the order of sevéral hundred volts
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for full-scaf deflection. Therefore, 1t is nccessary
to use amplifiers to increuse the amplitudes of the
test signal voltages for  both the wvertical and

horizontal deflection plates, so that low-amplirude’

test signals may be effectively presented.

10-72. Most oscilloscopes use a cathode
follower input stage, followed by a push-pull
amplifier, to obtain better linearity at the output of
the vertical and horizontal deflection channels>One
of the most important advantages of usipg pus
amplifiers, instead of single-ended amplifiers, it
the deflection plates preduce a uniformly balanfed

field with respect to the second anode of the
cathode-ray tube. Also, the push-pull amplifier can
deliver twice as great an output signal uv a

single-e%ded stage. This mode of operation aiso tends
to reduce the noise generated in the oscilloscope
amplifiers.  In this way it reduces the additiof of
internal noise to the noise picked up in thgéﬁest leads
of the scope or circuit under test.

10-73.  Sweep gencrator.  When you are
analyzing a waveform on the screen of a cathode-ray
tube, you should bear in mind that the unknown
signal is always plotted as « function of another signal
whose characteristics are known. In most
oscilloscope applications. the unknown signal s
applied to the vertical axis and the sweep generator
signal is applied to the hprizontal ixis. The
conventional form of time base sweep is the sawtooth
waveform. When applied to the horizontal deflection
plates of the cathode-ray tube, the sawtooth produces
a horizontal movement of the electron beam that is
a direct measure of time as the spot moves from left
to right. [n order that time may always be indicated
from left to right, the spot is returned to the left
side ofthe viewing area at the comgletion of cach

Sweep.  When the pulse rate or frequency of the
sawtooth time base is adjusted to synchronize with
the unknown-gsignal applied to the vertical deflections
plates, the time variation or waveform of that signal
is traced upon the cathode-ray tube. The sawtooth
sweep voltage i1s produced by the circuitry which is
included as part of the oscilloscope.  This circuitry
is known as the sweep, or time hase, geadrator. By
now you should have a good understanding of the
basic function of each of the major units in figure
28.

10-74. Just like any other electronic device, the
oscilloscope i1s  subject to limitations and
malfunctions. 1n the next paragraph we will discuss
some of the safety p@autions that must be exercised
when operating the oscilloscope.  These are in
addition to the one previously mentioned; that s,
not operating the nscitloscope with its case removed.

10-75.  Safeiy precautions.  When using the
oscillostope, 1t 1s advisible to use extreme caution
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when handling the cathode-ray tube.  The glass
envelope of the tube is under a high vacuum. Any
undue stress or rough handling can cause serious
injury due to tube implosion. Wlhien handling broken

cathode-ray tubes, avoid direct contact with the glass.

The fluorescent coating of the catlode-ray tube is
extremely toxic.

10-76.  When operating the oscilloscope, you
must nol permit a bright spot to remain in a
stationary position on the fluorescent screen. The
energy of the electron beam concentrated in a small
areca will burn the screen coating. This concludes
our discussion of the oscilloscope. Next, we will
discuss the frequency meter. - :

10-77.  Measuring Frequency. In some ac

svstems it is necessary to }znow the frequency of the
voltage source. The two types of frequency meters
suitable for this purpose are h~ dynamometer type
and the vibrating reed type. The dynamometer type
uses the clectrodynamometer principle. The vibrating
recd type is an electromechanical -instrument.
‘ 10-78.  Dynamometer-type frequency meter.
This type of frequency meter uses a dial and pointer
lo provide a visual indication of the frequency being
measured. These are shown in figure 30. The
commonly used frequency meter is the type A-1. It
includes. a basic dynamometer type of frequency
meter circuit, also shown in figure 30., When no
voltage is applied to the meter. the pointer rests on
a stop at the end-.of the scale (350 Hertz). (Many
of the oulder meters will still be calibrated in cps.)
Wit the power off, the meter is adjusted to 350
Hertz by means of a zero-adjusting screw located on
the front of the movement. The moving coil B of
the dynumometer type movement is pivoted and
under spring tension. Its position is determined by
the actions of coils A and C. Coil A has a core,
and is in series-with a capacitor in the line. At any
instant, coll A will have a polarity tending to rotate
the moving coil to the right. Coil C has no core,
(other than air) and is in series with both the moving
coil and ¢wo current-limiting inductors., Coil C tends
to rotate the moving coil to the left at any instant
that current {lows through it. Two limiting inductors
arc used rather than one; they arc assembled adjacent
to one anothet in*such a manner that the exterior
field of une will cancel the exterior field of the other.
Therelore. their exterior fields have no appreciable
affect on the maving coil.

10-79.  As the frequency of the voltage applied
to the ‘meter is increased, the current through the
limiting 11 ductors is decreased. Therefore, the current
in field v coil C and in the moving coil is reduced
because .o the increased reactance of the limiting
inductors  The current flow through the capacitor
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and the field coil {coil A) increases considerably,
because this coil and capacitor combination
approaches a seriesresonant circuit at some
frequency asbove 450 Hertz. The sharp increase in
current will magnetize coil A strongly enough to
deflect the pointer to the right. The amount of
deflection will be directly proportional to the
increase in current through the iron-core field coil;
this increase, of course, depends upon the increase
in frequency. Such a meter can be calibrated to
directly indicate the exact frequency. In this system,
the current does not increase at a uniform rate but
increases more rapidly as resonance is approached.
Therefore, this typd@lof meter can be used for only
a small frequéncy range.

10-80. Vibrating rced type frequency merer.
The wvibrating reed type meter contains an
clectromagnet mounted near a metal plate. When
the electromagnet is cnergized with alternating
current, vibrations are set up which are identical in
period with the flux reversals caused by the
alternating current in the coil. The vibrations are
transmitted to a metal plate, part of which consists
of a set of carefully balanced metal reeds. The plate
(A) and a vibrating reed (B) are shown in figure 31.
Euch reed is tuned to vibrate excessively at one
particular frequency. If more than one reed is
vibrating, the oné vibrating the most indicates the
nearest correct frequency, as shown on the dial (C).

I1. Special Aircraft Power Systems Test Equipment
11-1. Many of thiec measurements you will be

required to make on some of the newer type aircraft '

would be difficult g0 perform with a common meter.
For this reason many special purpose systems testers
have been developed. In the following paragraphs
we will discuss two testers that are used to check
the ac power systems on the fighter ajrcraft.
11-2. Electrical Power Test Setr. The PSM-20B
¢lectrical power tesi set, shown in figure 32, is
designed to be used during flight line checkout and
troubleshooting of the aircraft electrical power
generaliﬁ??)vstem. Connection to the aircraft is made
through two test cables to test receptacles in the rear
cockpit, as shown in figure 33, In order to check
out the aircraft power generating system, the aircraft
engines must be operating, and external power must
be applied to the aircraft. The test set is capable
of checking the outputs of the aircraft generators
either individually or in parallel. The generator
outputs are checked for correct voliage, frequency,
and phase relationship. The reactive generator loads,
generator protective circuits, and control voltages
may also be monitored. The AN/PSM-20B test set
may also be used on aircralt that have 40 and 60-kv-a
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generating systems.

11-3. Control panel. As you can see in figure
32, the control panel consists of two kilowatt-kilovar
meters, one ac voltmeter, one frequency meter, and
one dc voltmeter. The six indicator lights provided
on the control panel monitor generator phase
sequence, generator synchronization, and aircraft
electrical control circuitry. Switches are also provided
to select the various circuits to be monitored by the
test set and to introduce faults into the aircraft
circuits for the purpose of testing various aircraft
protective devices.

114, Because of the design oﬁf the wiring
harnesses used on the F-4C and newer aircraft, many
of the terminal strips, connectors, and junctions
which were on older aftcraft have been eliminated.
With these troubleshooting test points eliminated, the

use and operation of speciai aircraft systems testers

are of prime importance to the electrical technician.
To help the technician, the electrical sy§tems
technical order has a list of malfunctions that may
be encountered, and a logic tree for each
malfunction.

11-5.  Use of logic trees. When making a
functional check with the test set, make all checks
in sequence. When one of the steps in the sequence
does not check out, stop at that step. Next, make
a note of this particular symptom, and, by using the
table of malfunctions, be able to locate the applicable

logic tree. For example, let us say that the generator,

voltage is not within allowable tolerance. He should
then find this symptom in the table of maifunctions.
Once found, this table will refer him to logic tre®
number 6.

11-6. The logic tree provides you with a means
to logically pursue a trouble to a satisfactory
conclusion by the process of elimination (see fig. 34).
First the symptom is defined. Next, tests are chosen
so that results will begin with the branches of a tree
in the most logical order of occurrence. Notice in
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the figure that the first step is to check the Static
exciter regulator. You may be ask:d if continuity
exists through all pins. [f the answer is no, you will
have to replace the static exciter regulator If ihe
answer is yes, a chech ot the generator control panel
will be necessary. Thq logic lree breaks the system
down into subsections. These subsections can be
checked as separate systems. By eliuamating
subsections, the trouble can be isolated to the section
of the system whicl: does not work, and this, in turn,
can be traced to a specific unit. “

11.7.  FElectrical Powe g, [farness.  The
electrical power test harness {see fi## 35) can be used
to perform a generalor system functional c¢heck. 1t
can also be used to great advantage in trouble .\ooting
system faults to a specific system compon nt.

11-8. A lockout switch (the center one in the
group,of three in the lower left corner) is provided
to ovl{ride the lockout relay in the control’ panel.
This enubles troubleshooting of an overvoltage fault.
An underspeed switch (USS. just to the right of the
lockout  switch) is provided to override the
underspeed switch in (he constant-speed drive wiren
troubleshooting an underfrequency fault. or a
defective underspeed switch. This tester also has test
points which provide clectrical connections to the
control panel receptacle tor measuring contiol panel
output voltage while the generating systen is in
operation. As with any tester, you must use the TO
instructions with this piece of equipment.

11-9. The test harness can be used on the flight
line as wel] as l'or bench testing the gencrating system.
The electrical power test harness is capable ut' a more
thorough testing of the constant-speed dive and
related circuitry than the PSM-20B tester. lFor this
reason, the test harness is used mostly for in-shop
testing. The elcctrical power harness has a functional
checklist for flight line and in-shop applications.
With each, of these checklists, a logic tgee is provided.
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ANALYZING COMPLEX DC. CIRCUITS

HOW MANY TIMES have you heard the squawk box
from workload control sing out, "Dispatch a 7 level
10 545 spot 20, on the double"? The fact that you
are reading this chapter means that you are about
to become the expert for your shop. You are soon
lo become the guy who gets the rough ones, and
you will be expected to fix them in half the time.
What is it that makes a 7 level so great on the job?
You must be able to Jook at the symptoms of a
malfunction, apply some basic logical thinking, and
come up with the answer,

2. In this CDC we cunnot give you the
experience which you should have gained thus far,
but we can help you in the area of fundamental
knowledge. 1t has been some time since you attended
tech school. Many of the things you learned have
slipped deep into your memory. We will help yoy
by giving a bricf review of things you know, and then
bring in some new material.

3. With the swing to solid state control devices
in our modern aircraft, it is necessary to put more
emphasis on dc circuits.
associated circuits are generally dc circuits. As you
troubleshoot these complicated circuits, you will have

to apply some of the basic laws of electricity to arrive -

at a quick fix for the circuit. -In this”chapter we
have covered many of the knowledges that will help
you troubleshoot complex dc circuits. The first
subject is that of magnetic circuits..

12, Mugnetic Circuits

I12-1. The forces which arc responsible for the
wonders of electronics are invisible electric and
magnetic forces. These are the forces which make
possible the operation of electric motors, generators,
lights, duorbells, measuring equipment, ancl other
electrical apparatus. They are the invisible forces
which enable gnergy to travel through space at the

speed of light. In this section we will deal with the -

effects associated with magnetic forces and th
appheations of these forces in magnetic amplifiers.

12-2.  Theories of Magnerism. When a bar
magnet, such as the one shown in part A of figure
36, 1s broken into two separate parts, as in part B
of figure 36, you can see that each piece will have

(\ two poiles. The piece which contains the north pole

- ¥
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of the ariginal magnet will have a south pole at the
end where the break occurred. In like manner, the
piece containing the south po\!e of the original magnet
will have a north pole at the end where the break
occurred. Each of the two pieces can be broken
again, and you would have four magnets. This shows
that each time a magnet is broken, a new pole is
established at the newly broken end.! This new pole
is the opposite polarity of the other end. If you
could continue to -break the magnet in half until
molecular size was obtained, you would find that the
tiny molecule §vas a magnet. It would have its own
magnetic field Aind both a north and a south pole. -
These tiny maghets, which are so small that they

cannot be seen with a microscope, are the, basis for
the molecular theory of magnetism.

12-3. -Molecular theory. The molecules in
material not yet magretized are thought of as being
jumbled at random with no definite order. This is
illustrated in part A of figure 37. Considering that
the molecules are small magnets, you might expect
them to automatically align themselves to form a
larger magnet. There are several reasons why this
does not occur. Even though the magnets tend to
line up with their unlike poles facing each other, it
does not mean that they will line up in a direction
that will provide a maximum magnetic field. Internal
stresses in the iron or steel can override the small
magnetic fields of these magnets and heid them in
their haphazard alignment. Many other factors also
combine to keep the magnets in their haphazard
positions, as shown in part A of figure 37.

124. The process of partially or fully
magnetizing a steel bar consists of bringing it into .
contact or under theinfluence of a magnetic field,
such as a bar magnet. All the molecules turn, as
shown in part B of figure 37. An artificial magnet
can be produced by stroking an iron or steel bar with
a strong magnet, as shown in part A of figure 37.
The molecules then line up as shown in part B of
figure 37. Be sure that all the strokes are made in
the same direction. Magnets that are created in this
fashion are only moderately strong. To completely
magnetize the bar requires a very strong magnetic
field. You can use an electric current to generate
the streng magnetic field. >
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12-5.  Careful measurements indicute that a
substance undergoes a scrics of changes in length
when being magnetized. In general, the substance first
expands and later contracts. This behavior of a
substance being magnetized {and demagnetized) is
known as magnetostriction.,

12-6. The molecular theory of magnetism is
supported by many facts which can be proven in your
experience. During your time on the flight line you
may have had generators lose their residual
magnetism. Usually this occurs because the heat in
the engine area is so greas. or the generator has had
a hard bang. These are fucts that point directly to
the moiecular theory of magnetism. However, most
scientists agree that the theory of magnetism goes
into the realm of the atom irself, and is more
thoroughly explained by incans of the .electron
fheory.

12-7. Elecrron theory. The electron theory is
a very complicated study dealing with the cnergy
level of electrons in. orbit. The level of energy
determines the polarity of spin. Some electrons have
a positive spin, some a negative spin. The unbalanced

- conditions in an atom having more positive spin

electrons is believed to correspond with a north pole,
and a greater number of negative spin electrons is
a south pole. This is believed to be the basic reason
why some materials exhihit magnetic properties:

12-8. The atoms in ferromagnet)c substances
tend to bond together in an effort to acquire a greater
equilibrium. They form- domains within crystalline
structures. A domain cortains a2 maximum number
of atoms, all oriented with their electron spins
parallel, and resulting in a small, fully magnetized
domain. From this point on, the theory is much the
same as the molecular theory. Under the influence
of a magnetic field, these domains will align and
create a magnet.

12-9. Application of Physics to Magnetic Force.
The amount of magnetic force surrounding a magnet
can be esfimated roughly by measuring its lifting
power. However, there arc other conditions whicl
cause the lifting, pofver of the magnet to vary. Somne
are:
{ magnetic material to be ifted.

- The "shape “0F the material to be lifted.

- The manner in which the material is

applied to the magnet.

- The shape of the magnet.
A more accurate and more commonly used method
for measuring the strength of a magnet consists of
measuring the force of attraction or repulsion that
the magnet exerts on another magnet of known
strength.

12-10.

Magnetic field. One thing you should

N X
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remember from tech school is that u nsagretic field
has direction. This can easily he seen by placing a
compass near a maenet., The field leaves the north
pole of the magnet and cniers ghe south pole. We
can say that the field moves north tv south vutside
the magnet, and.south to north inside the magner.

12-11. Magncm lines of force. By expenmental
means, scientists have discover:d that th: mutual
force between wo poles can be expressel by the
mathematical relationship:

[’] P,
F=__=
ud2

where F is the force bctween the two pols, )l and
Pw are the magnitudes oﬁhe pole strengths, d is tite
distance between H¥%5wo poles, and » 1s . constant
which depends up the medium surronnding the
pules. The force expressed by this equation can be
one ol attraction (-F) ur repulsion (+F). The
direction of the force depends on whether Pl and
P, have opposite signs or the same sign.  The
dimensions of the <quation depend upon the units
in  which each [lactor is measured. in the
centimeter-gram-second (cgs) system of measurement,
the force (F) will be expressed in dynes. and tle
distance (d) will be expressed in centimeiers. The
tuctor ¢ is then specitied as | in a vacuun, and has
no dimension, as is the case with Py and PZ swhich
can also be made equal to 1.

12-12. If values are substituted for tie basic
equation previously given, the results arc as follows:

F=l1X1

= | dyne
N
1 X I can-

This is now the standard equation for the unit pole
and can be stated. "When any two like poles of equal
strength are placed 1in a vacuum, | centimeler apart,
they will repel cach other with a force vig | dyne."”

1213, Coulomb s law. From tidds husic stdy
of the theorics of magnetism, you will so0 a direct
connection to all the areas ot clectromics.  Chagles
Coulomb discovered experimentally that the force of
the attraction or repulsion between two point charges
of magnitude or strength Ql and Q,, sepurated by
a distance of d, can be calculated. The equation you
studied in the preceding paragraphs is an application
of Coulomb’s law.

12-14.  Let us put it to work on a problem
using two bar magnets. There are two bar magnets
that are 10 ¢m in length shown in figure 38. They
are separajed by 10 cm and they have their north




poles facing each other. The pole strength for each
magnet is P] = 30 and P2 = 20. One thing to keep
in mind, as you work a problem like this, is that
<each pole of the magnet has an effect on both poles
of the other magnet. Let us take the two north poles
first. By following the equation for Coulomb's law,
we find our problem to look something like this:

F = 30 X 20 . dynes of repulsion
102 (like poles repel)
F = 600 - 6 dynes of repulsion
160

Remember, this is just for the north poles of the
.circuit. To compute the south poles we would solve:

F=30X2 . dynes of repulsion

F=-""=%_=723dyneof repulsion s
9 .

Total force of repulsion in this circuit would be 6
2/3 dynes. This is only half of the total circuit. We
must compute the attraction forces, also.

12-15. In this problem the magnets are the same
length. Therefore, we can compute the attraction of
one pair of poles and double it. If the magnets were
of/different lengths, we would have to compute each

fo\rqe. The problem is set up the same:
F=30X2 . dynes of attraction
202 (unlike poles attract)
F=—_660 _ 1 —L dynes of attraction

400 2
Since the magnets are the same length andare

goIng to double the total force, the attractioff guld
be: -

X 2 = 3 dynes of attraction for the circuit

o -

The forces of attraction and repulsion are opposite,
so the total force for the circuit will be the difference
between the two. This means that, with 6 2/3 dynes

PES

of repulsion and 3 dynes of attraction, the resultant
force is 3 2/3 dynes of repulsion.

12-16. Being able to compute this problem will
give you some insight of the interaction of magnetic
forces. These forces are used in all thc circuits on
which you will work as an electrician. You may never
have the need to compute such a circuit on the flight
line. But, by knowing how, you can more easily
understand how a circuit operates. These forces exist
between electrons as well as magnets. They are the
real key to such things as voltage generation, relay
operation, and many of the electronic applications.
One suchsdevice is the magnetic amplifier. By
studying this unit, you can see these forces being put
to work.

12-17. Magnetic  Amplifiers. Magnetic
amplifiers (mag amps) usually consist of such
components as inductors, dry disk rectifiers, and
resistors. These components are often potted in a
single case. When operated ‘within their design
characteristics, they are extremely reliablel suffer
littie deterioration with time, and are exceptionally
rugged. The amplifiers are well suited for use in
control systems which are subjected to shock and
vibration.
systems.

<12-18. The basic operation of the magnetic
amplifier has already been covered in your previous
training. However, we will review and expand upon
its operation. " It is an important controlling device
for you to understand because it is used for many
of the electronic circuits you are required to
maintain.

12-19. The operation of a mag amp is based
on the nonlinear B/H characteristics (the explanation
follows) of magnetic core material.  When the
characteristic is plotted, it is known as the B/H curve,
magnetization curve, or hysteresis loop. The B
represents flux density, a measure of the amount of
magnetization. H stands for the magnetizing force (or
magnetic field intepsity). Now look at figure 39. If
the magnetizing {orce, H, is increased from zero
(point 0) to a valuc K, as shown in part A of this
figure, the flux density, B, increases linearly.
However, as H is further increased, the core material
becomes saturated, and a point is reached where a
further increase in H gives no increase in B. As you
increase the magnetizing force in the opposite
direction the other half of the BfH curve is formed.
The curve will vary in appearance with the type of
core material used.

12-20. The basic reactor (a name commonly
used for the transformer of the magnetic amplifier)
consists of three windings on an E-type core. This
arrangement is shown in figure 40. The center

An example of this is our fire warning
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winding is the control winding and receives the
control voltage. This voltage must be dc and is made
variable by using a rheostat. The two outside
windings are the controlled coils. They are connected
in series-aiding and are placed in series with the load,
as shown in figure 40,

12-21. With no current flowing in the dc
control winding, the current flowing through the load
is small because of the large inductance exhibited by
the reactor. When dc is fed through the control
winding, a residual flux appears in the core. The
change in flux density decreases, resulting in less
impedance to the load. By varying the dc control
current from zero to saturation, the impedance in
the ac circuit may be made to vary from a high value
to almost zero. Any dc current change in the control
winding causes a corresponding ac current change of
greater value. Therefore, this circuit exhibits current
gain characteristics. By connecting the ac windings

- in parallel, as shown in part A of figure 41, the loads
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can be handled with medium to high current
consumption. However, the amplifier with parallel ac
windings  has  somewhat  slower  response
characteristics. Part B of figure 41 shows a variation
that allows the use of a dc load. A bridge rectifier
is used in the ac circuit to provide dc to the load
while keeping any dc component of current out of
the ac winding, thus preventing self-saturation. This
arrangement is used in many of our circuits.
12-22. " We have discussed, to some degree, the
basic forces behind this phenomenon called
electricity.  In our discussion, we hav.erv"made
application of some of these principles. You, as a

7-level electrician, must be fully aware of what makes.

a circuit tick. This knowledge will make you a better
electrician. In the next section of this chapter there
is a review of some of the fundamentals involving
conduction. If it is known what makes the electron
move, the next step is to find out what can hinder
that movement or make it easy. You must be able
to analyze conduction.

13.  Analyzing Conduction

13-1. Of course you remember Ohm's law from
your previous training. You know how to find the
values of current, resistance, and voltage in simple
circuits. As you know, the aircraft contains very few
of these simple circuits. As a 7-level electrician, you
must be able to analyze any type of circuit quickly
and with a minimum of known values. This process
takes some logical thinking on your part. You must
have a good grasp of the relationships between such
things as voltage, current, resistance, point of
reference, and polarity. In this section we will briefly
review some of the basic laws and then show you

@
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SOme new ones.

¥ 13-2. DC Currents and Voltages. All types of
electrical currents and voltages have one thing in
common. They have an interrelationship between
variations in amplitude and the element of time.
Amplitude is the characteristic that represents the

. intensity of current or voltage with respect to zero.

Thus, a current of 5 amperes simply means that the
magnitude of the current is 5 amperes greater rhan
zero. - The time relationship governing the rapidity
of amplitude of change involves seconds, minutes,
and hours.

13-3. Direct current. Direct current is an
electrical current which moves in only one direction
and has a constant amplitude characteristic with

reference to time. There is po pure direct current -

since electrical energy depends upon the source of
powel. The nearest approach to the production of
pure direct current is the electrical energy obtained
from the chemical reaction in a battery. Ionic
transfer and electron motion within a battery occur
entirely at random on an individual atomic basis.
There is no way "lo predict the location of the next
atom which will be ionized, nor is there any way
*o predict the actual number of electrons collected
on the metallic electrode on an instantaneous basis.
However, the actual number of electrons produced
in the chemical reaction of the battery can be
meastired and predicted with a high degree of
precision. The average number of electrons making
up the electrical current is a measure of the amplitude
of the direct current. Current is measured in
amperes.

13-4, Direct current is unidirectional, that is,
it can move in only one direction. This direction
is always from negative or positive points. However,
a reference point having the symbol %= is always
chosen in the associated circuit, so that the direct
current is always moving toward or away from the
reference point. The positive or negative signs affixed
to a current value indicate the direction of the
current with respect to the reference point.

13-5. Direct voltage. Direct voltage is usually
called dc voltage. It is a unipolar (single direction)
electrical force of constant amplitude. The terminals
of a battery are oppositely charged, one being
negative and the othet positive. When the reference
point - is assigned or connected to either battery
terminal, the battery is said to be poled or polarized.
That is, all of its electrical force is exerted in one
direction. If the reference point is located on the
negative terminal, the battery is poled in the positive
direction. If the reference point is on the positive
terminal, the battery is poled in the negative
direction. Therefore, the voltage can be made to have
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either a positive or negative polarity.

13-6. Ohm's Law. The relationships of current,
voltage, and resistance were first demonstrated by
Georg Simon Ohm, a German physicist.  He
performed a series of experiments which
demonstrated two items. One was the way voltage
is distributed through a circuit. The other was the
relationships of voltage, current, and resistance.
Ohm's law states that ‘the current in a circuit is
proportional to the voltage and inversely proportional
to the resistance. This relationship is best stated in
the following equations:

E=1XR
_E
I‘E. o
R:E
I

\

E denotes voltage, I denotes current, and R denotes
resistance. You should remember -how to use these
equations in the "magic circle." However, some
problems whigh seem simple are not as easy as you;
" might think. Ohm's law will not always solve your
problems. You should also be familiar with
Kirchhoff's laws. '

13-7. Kirchhoff's Laws, Methods of treating
complex circuits are based on Kirchhoff's laws. His
laws are simple to state, but the methods of applying
them are often quite difficult. Briefly stated, the two
laws of Kirchhoff .are as follows:

The algebraic sum of the currents at any

. junction of conductors is zero. \
- - The algebraic sum of the applied voltages and
of the voltage drops around®any closed circuit is zero.

13-8. Kirchhoff's first law. The algebraic sum
of the currents at any junction of conductors is zero.
This law can be restated as follows: thé amount of
current entering a junction must be equal to the sum
of the current leaving it. This law is actually a
consequence of a more general one known as the
principle of charge conservation. For example,
assume that a current (]l) of 1 ampere flows toward
point A of figure 42, and a current of S7amperes
(I,) flows away from point A. What is the current
(13) flowing between points A and B?

13-9. Using a minus sign to represent a current
flowing into a junction, and a plus sign to represent
a current flowing away from a junction, current I
becomes -1 ampere and current l2 becomes +5
amperes. Since the algebraic sum of the currents
must equal zero, an equation can be written as

follows:

Il+12+13=0

Subtracting 15 from both sides of the equation yields:

ll+I2+I3-I3‘.=O-I3

+ll + 12 = -13

Then multiplying both sides of the equation by a
-1 to make the -I5 positive yields:

a

Substituting known values for the currents I, and
12 results in:

- (1) - (45) = Iy

This shows that -4 amperes is the value of the current
flowing between points A and B. The minus sign
shows that the current is flowing into junction point
A. This is obvious since 1 ampere is arriving at

- junction A at the same time that 4 more amperes

are arriving at junction A. Both currents join each
other to Jeave the junction as 5 amperes.

13-10. Kirchhoff's second law. The algebraic
sum of the applied voltages and the voltage drops
around any closed circuit is zero. In order to
understand what this law means, refer to figure 43.
Assume that the current is flowing in the direction
shown by the solid line arrow. The starting point
and the direction are purely arbitrary, since th:
algebraic sum is zero. Starting at point A, and passir.g
through the 100-volt battery, there is a voltage rise
of +100 volts at point B. The current must pass
through the 10-ohm resistor before it can arrive at
point C. Since voltage is equal to IR, you can write
-10] as the voltage drops across the 10-ohm resistor.
Leaving point C, the current must pass through the
S-ohm resistor before it can reach point D. The




-
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voltage  drop is -51. Leavidg point D, the circuit
current must pass through the 50-volt battery before
it can arrive at point E. So, from D to-E there is
a rise of +50 volts. In the circuit from E back to
A there is a negligible voltage drop. Recording all
data for the various circuit points you will get:

A to-B  +100 volts

B to C -101 volts

C to D -5I volts

D to E +50 volts

E to A +0 volts
Since the algebraic sum must be equal to zero, equate
the voltages in the circuit to zero as follows:

+100 -101 -51 +50 + 0 = O

+150 -151 = 0

150 = 151

[ = 10 amperes
Now that the value of 1 is known, it can be
substituted in the original equation to check the
algebraic sum of the voltages as follows:

+100 -10X10 -5 x 10 +50 +0 = 0

+100 -100 -50 +50 = 0

0=0 .
Thus, the algebraic sum of the applied voltages and
the voltage drops do equal zero.

13-11. Now assume the current direction to be
in the direction indicated by the dotted-line arrow.
This direction is opposite to that assumed previously.
To show that the starting point is arbitrary, start at
point C and work your way around the circuit.
Although you may reverse the signs of the values,
the answer you will ‘get.is still the same. The
direction of current flow assumed and the starting
point in the circuit are immaterial as long as you
are consistent in the application of the principles
involved.

13-12. These are just a few of the laws that

~ you must deal with as you troubleshoot on today's

modern aircraft. There are many more laws that you
should be familiar with to really understand the
operation of solid state circuitry. However, let us
put these to work on some of the circuits that have
given electricians the most trouble over the years.
Two of the most difficult-and yet most commonly
used circuits are the bridge and the mesh circuits.
These circuits are classed as complex dc circuits.

14. Complex DC Circuits

14-1.  One of the hardest things for an
electrician to remember when he starts to
troubleshoot electronic circuits is that the point of
reference is not fixed, as it is in the simple circuits.
Voltages in solid state circuits may be positive or
negative, depending on the reference point you select.
In many cases, as you troubleshoot you will

50
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determine the point of reference by where you place
your meter leads. We will start with the bridge circuit
to discover just how important this point of reference
is to a troubleshooter. '

14-2. Btdge Circuits. As shown in figure 44,
a resistive bridge circuit consists of two parallel
circuits containing two series resistors in each arm.
Resistor Rg is the bridge resistor. Suppose that the
resistance values for Rl’ RZ’ R3, and R4 are all equal,
and for the time being, assume that the bridge
resistor does not exist. When the applied vultage is
connected to junction points 1 and 3. the voltage
across all four resistors will be equal. Of course the
reason for this is that the resistance values are the
same. In reference tu junction point !, onc-half of
the applied voltage will be present at junction point
2. Also, with respect to junction point !. une-half
of the applied\volmge will be present at junction
point 4. Therefore, there is no difference in potential
between junction points 2 and 4,

14-3.  The total current arriving at junction
point 1 divides into branches A and B according to
the resistance of the branch circuits. Because the
resistance in branch A of the circuit is equal to the
resistance in branch B, the current divides equally.
The current flowing past point 2 is the same as that
flowing past point 4,

[4-4. Suppose that resistor Rg, which may be
of any value, isconnected across junction points.
2 and 4. Because the branch resistances were equal
to begin with, whatever change that takes place at
point 2 in branch A because of the addition R also
takes place |
resistance o

remains the lower delta (resistors
1, 3, The addition of resistor RS has not
changefi the relative value of resistance between

points \2 and 4 to {point L.

1438 _Because' the voltage distribution is equal
across rem&s of equal value, one-half of the
applied voltage edists from points 2 and 4 to point
1. If the voltages{at points 2 and 4 are equal, there
is no difference in potential across resistor Rs. Since
the voltage is zero jcross the resistor, there is no
current flow through \t. The total current then flows
equally through brandhes A and B.

14-6. 1f branches\ and B are adjusted so that
the resistances are no longer equal, current flows in
the bridging resistor. Under these conditions the
bridge is said to be unbalpnced. If the condition
described in the above” paragraphs shows no
differcnce in potential between points 2 and 4 to
exist, the bridge is said to be balanced, and no current
appears in the bridging resistor. This is the basic

operation of the bridge circuit.
N\




14-7. It may be necessary, as you troubleshoot,
to compute the resistance of a bridge. You may have
to compule the resistance to determine the direction
of the current through the bridging resistor. One
means used to compute a bridge circuit is the
delta-to-stur transformation method. This method
will resolve a bridge circuit to a’simple series-parallel
circuit. -Now you can use Ohm's law to arrive at
the values of the circuit.

14-8.  Delta-t0-Star Method. While examining
part A of figure 45, notice that the bridge includes
a delta circuit inclosed by points ABD or BCD
Choosing delta circuit ABD, and remembering that
it can be resolved in the corresponding star circuit,
you should see that a simple series-parallel circuit wﬁg
be obtained. Transforming delta circuit ABD into its

equivalent star circuit is accomplished as follows: ]

Ry Rs

a R1+R5+R3

I X2
| I +2+3

b =
R1+R5+R3

o]
H
W
>
»]
w

¢ P +2+3

= ] ohm

The circuit now resolves itself into that shown in part

B of the figure. The total resistance of the circuit
can be calculated as follows: '

(R *+Ry) (R, +Ry)
Rt = R
T™ % * (R+R7)+(R+R

"

1 12
=l_+——3(_+z)X6
7 1+ 12 + 13
i 3 3

= 3.0! ohms

The total current, IT, drawn by the bridge circuit
can be calculated as follows:

I °T '

T R
T

i}

10
3.01

3.32 amperes




Current I, flowing through bridging resistor Rc, can
be computed, but flest the voltage applied across its
terminals must be computed. The total applied
voltage', Er, less the voltage drop, Egy), across resistor
Ry will provide the voltage applied to the parallel
portion of the circuit. Therefore:-

E=E -1 R .
T T b
*
= 10 - 3.32 (0.5)
= 10 - 166
= B.34 yolts

The current division between the two separate circuit
branches can now be calculated as fows:

I = E

BC R, t+R,

8.34
0333 + 4

v

i3

1.926 amperes

332 - 1.926

1.39 amperes

The voltage from points B and D to point C can
now be calculated as follows: '

Eg = IgcRy

i3

1.926 (4)

7.7 volts

Ep = lpcRa
1.39 (5)

= 6.95 volts

Voltage Eg, applied across resistor R, is Eg = Eg
-Ep=77-695=0.75 volt. With respect to point
C in the figure, point B is 7.7 volts and point D
is 6.95 volts. Thus, current I {lows from point B
to point D by way of resistor Rg. Current s,
through resistor Rg, is: '

=ES e

%
\:’ 0.75

2

0.375 ‘aympere

, 149, A second bridge circuit is shown in part
A of figure 46. The upper delta may be transformed
into its eqblivalent star circuit as follows:

o - R, R,
2 R, * Ry + Rg

_ 5% 10
5+ 20 + 1

= 3.85 ohms

Ry Ry

Rb:'*—-
R2+R5+R4

S sX1
S+ 1+ 20

= 0.192 ohm

R = _20X1 i
¢ 5+ 1+ 20 ;

0.769 ohm

5 /

e

£
1
;

e
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The total resistance, Ry, of the circuit can now be
calculated as follows:

(Ry + Ry) (R, + Ry)
a (Ry + Ry) + (R + Rj)

RT=R

&

(0.192 + 5) (0.769 + 20)

= 385 +
(0.192 + 5) + (0.769 + 20)

= 8.00 ohms

The total current, IT’ drawn from the battery is:

ET

R}
75

8.00

IT=

¥

= 9.4 amperes

The voltage, E, applied across the paralle]l branch can
be calculated as the total applied voltage,’ET,_minus
the voltage drop across resistance R_.

E = ET - lT Ra
=75 - 94 (3.85)
= 36.2 volts

Currents IAD and I,p can now be calculated as

follows:
I = E
AD "R, + R,
) 7
_ 36.2
20 + 0.769
= 1.74 amperes
I =1 .1 A
AB T AD

= 7.66 amperes

Voltage E, dcross resistor R, and voltage E; across

resistor R3 are/ to be calculated next.
0

'E1=I R

AB™1

%
= 7.66 (5)

= ”3%‘3 volts

E3 = IADR3
1.74 (20)

n

34.8 volts

if junction point A is taken as a reference point,
point B is 38.3 volts, while point D is 34.3 volts.
The voltage between points B and D is the difference
of these two voltages. Because resistor Rg is

connected across these same terminals, voltage EBD.

is also equal to Es.

&
Es = Eg - Ep
= 38.3 - 348
= 3.5 volts

Current g through resistor Ry is obtained as follows:

o
Es ~
Ig = —
Rs
_ 35
I
= 3.5 amperes

14-10. The conditions that exist in a balanced
bridge can be seen by solving the circuit of figure
47 for current I¢ through resistor Rc. The first step
is, of course, to resolve one of the deita circuits into
_ its equivalent-star circuit, as follows:
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Ry Ry
3 Ry + Ry + Ry

10 X 10

T Tl0+10+5
h .
= 4 ohms
R, R

10 X 5
]J0 £ 10 + 5

= 2 ohms

The circuit resolves into that shown in part B of the
figure. The total resistance of the circuit is then
computed as follows: ’

(R, + Ry (Rg * Ry)

RT = R21 +
. (Rb + Rz) + (RQ +R4)
=q (2+10) . (2 +10)
{2+ 10) + (2 + 10)
=10 o‘inns

The total current, Iy, is calculated next.

= |0 amperes

“ 20'

The total applied voltage, E, minus the voltage drop
across resistance R , will be the voltage, E, applied
to the parallel arms of the curcuit.

+

E =Ep - ITR,

"

100 - (10 X 4)
H{\

S

60 v&lts

Calculating branch currents, 1,p and I, ¢, yields: )

g = —
AB R, + Ry

1 =~ :
AC "
R, + R

= 5 amperes

-

Voltage E, “across resistor Ry and voltage E~ across
resistor R, are calculated as follows:

Ey = TacRy
)
=5X 107
= 50 volts
Ey = lxpRy
=5X10
= 50 volts
F g
o - A
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Voltage E5 applied across resistor Re is:

Ec = E, E,
= 50 - 50
%= 0 volts

Finally, current 15 through resistor R5 is:

le = E5 )
§ = —
Rs
=0
5
= 0 amperes
14-11.  Mesh Circuits. The other difficult

¢ircuits mentioned in the discussion on complex dc
circuits were  the mesh circuits. They are good
examples of difficult circuits which you will have to
compute when troubleshooting electronis circuits.
An example of a mesh circuit is shown in figure 48.
Notice that there are two batteries connected in
parallel with a 100-ohm resistor connected in series.
Also. we can see that a complete circuit. called a
loop. consists of the 5C-volt battery, its internal
resistance (0.3 ohm). and the 100-ohm resistor. A
second complete circuit or loop is formed by the
10-volt battery, its internal resistunce (C.1 ohm), and
the 100-ohm resistor. The 100-ohm resistor is a
common eclement to both loops. A series of
interconnecting branches that form complete circuits,
or loops, its termed a mesh circuit. Please note that
although vou know that electron flow is accepted
as from negative to positive. we are using it
differently here simply for the purpose of figuring
the internal resistance of the batteries before
considerine the external circuit.

14-12.  We can solve f&i the total current in
a mgsh circuit by using Kirchhoff's law. Since the
100-ohm resistor is common to both circuits, it will
be necessary to work two equations at the same time.
The values of the unknowns will satisfy both
equations. The equations are called simultaneous
equations. The number of equations necessary to
solve sumultaneous equations is equal to the number

mesh circuits or calculating the impedance in a bridge
circuit. Such problems often -involve several
unknown quantities, and an equation for such a
circuit cannot be written that involves only one
unknown quantity. The two general methods that
may be used to solve these equations aré ‘addition
or subtraction, and substitution. You may use either
of these methods.

14-14. Additon or subtraction method.
Simultaneous equations can either be| added or
subtracted to eliminate all but one of the&lgknowns
The resulting equation can then be solvdd for the
unknown quantity. The following guidelines can now
be used to ff the variable quantities in two
simultaneous equations.

14-15. Write the equations so that the variable
terms are on the left-hand side and the constant terms
are on the right-hand side of the equation. The
coefficients of one of the variable quantities must
have an equal-absolute value in both equations. If
necessary, multiply one or both of the equations by
a number that will sadsfy this condition. .

14-16. If the two coefficients of equal-absolute
value have like signs, subtract one equation from the .
other. If they have unlike signs, add the two
equations. The resulting cquatior{s will have only one
variable. Then solve the resulting equation of one
variable in the following manner.

14-17.  Substitute the value of the variable
quantity in one of the original equations. Now solve
for the remaining variable. Check the ﬁolution by
substituting tHle values that have been found for the
variables in both the original equations.

14-18. Simultaneous equations 2x = y and 6x
+ 2y = 25 can be solved as shown below Write
the equations as follows:

2x -y = 0 (this is the same as 2x = y)
6x + 2y = 25

Multiply the top equation by 2 and add the two
equations.

4x - 2y =0

6X + 2y = 25
10x = 25

>
i
|

Substitute 5/2 for x in equation 2x - y = 0 and solve
for y.

<N

of unknownsNavolved. -
14-13. Simyltaneous equations are used to solve
technical problems such as finding the current in 2 -y=0
{ 55 ;
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for y in the &quation 6x

6x + 2y =/25
6(5/2) + 2(5) = 25 \;5 >
15 + 10 = 25
} 25 = 25 C
Thepfore, the values for x and y satisfyy both
equations.
14-19. Inspection of the circuit in figure 48

shows all of the open circuited battery voltages; these
are the applied voltages. All of the resistor values
are shown, and you may compute the circuit currents
using Kirchhoff's law. The voltages around loop
ABCDEHA, according to Kirchhoff's law, are:

~IOOIR + 10 - .111 =0

The voltages around loop ABCFGHA are:

-100Ip + 50 - 0.312 =0
Al%; the circuit current I consists of a current 1
deli
battery, and a current I

ke\g to the 100-ohm resistor by the 10-volt
delivered *to the same
resistor by the SO-volt battery. Applying Kirchhoff's
law, you will obtain:
IR=1+h

Three equations having three
rearranged, will appear as follows:

unknowns, and

. 100Ig + 0.1, = 10
H 100Ig + 0.31, = 50
i I _
: [l = Ip .

J

’ In the above equations we have three-unknowns.
\ : Before we can work the problem we must reduce
| that to two. We can do this by substituting for Ip.
Since in the equations we have shown that Ip =1,
+ 1, where Ip appears we can substitute (Il + 12).
Thus, the first equation would be as follows:

100 (I + 1) + 0.1} = 10

ki
ool + 1001, ~l~’0.ll1 10

56

\This” can now be used as a substitute in the other
rdsultant equation to eliminate another unknown
q

]

.lOO.lIl + 10012 10

Similarly, for the second equation:

100 (1, + I,) + o.312‘ 50

100t, + IOOI:,_ + 0.3(1 50

lOOI1 +.100.31, = 50

1420, Substitution method.  Wo' will use
another method to solve the simultanecous equation,
the <¥0bstitution method. _First, select onc of the
resulting equations which can be used to solve for
the value ofl2 in terms of I.as follows: ‘

lOO.lI1 + 10015 = 10

10 - 100.11,

2
100

antity, as follows: .
/ ¢

- (

Y10 -

100.11,)
1
1001, + 10038

50

100

*a

100001, + 100.3(10 - 100.11;) = 000

\

100001, + 1003.0 - 10040.031; = 5000

-40.031; = 3997 : o
L4

i




X

3997
-40.03

.
—
i}

- 99.8 amperes

Substituting the value of current I, into the second
equation and solving for the value of I, yields:

f‘" 100 (-99.8) + 100.31, = 50
- 9980 + 100.31, = 50
100.315 = 50 + 9980
W
100.31, = 10030
A

10030
Iy = —mnurr
- 100.3
I, = 100 amperes

Substituting the values of current into the equation
from Kirchhoff's second law, we find:

lp =-99.8 + 100

lp = .2 amperes

-

This indicates that current I, is flowing in the
opposite direction of that assumed for I,., It is
unwise to cofinect two batteries in parallel that have
different output voltages, because the battery with
the higher voltage will send a charging current
through the battery with the lower voltage. However,
it is not uncommon to find this circuit used in
electronic equipment such as transistors where a
different potential is.connected in paralle]l to obtain
certain circuit functions.

14-22.  The voltage distribution in this circuit

current and resistance, using Ohm's law:
E; = R

1t

- 99.8 X 0.1

- 9.98 volts

14-21. Notice that the currént 1y is negative. -

can now be calculated from the known values of-

52 = 12R ‘ N
= 100 X 0.3
« = 30 volts
ER,% ITR
; 0.2 X 100
= 20 volts
Ep =30 + 20 - 9.98
= 40.02 volts
‘ 14-23. Some of you may ask the question,
"Where in the world will 1 ever use this stuff?" Well,
during your next experience with circuit diagrams

having transistors, you will see that they are nothing
more than a simple mesh circuit. These circuits are

- connected with voltage divider networks that supply

the different voltages. You can compute the current
through the different legs of the circuit by knowing

- the junction resistances. TFhere will be many times

when the knowledge you have gained will aid you
in understanding the overall operation of complicated
generator circuits on our modern aircraft.
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CHAPTER 7

' REACTORS IN CIRCUIT RELATIONSHIPS

THE COUNTDOWN was proceeding as scheduled,
10... 9... 8; tension filled the room; 3... 2... I,..
ignition, ... liftoff. Three men were on their way to
the moon. Several hours later two of those men
became the first human beings to set foot on another
planet. It's hard to believe that it was 10 short years
ago that man first ventured outside of his own
atmogphere. The great advances made in technology
have made this feat possible. These same advances
have changed your job as an aircraft electrician.

2. With the rapid growth of our technology

has come a change in_the systems we electricians are
required to maintain. More and more our systems
are becoming less mechanical and more electronic.
Therefore, the need has increased for a broad
background in the fundamentals of electronics. The
days of the "shade tree electrician” are gone forever.
Our major systems are so integrated with those of
other major systems that you must be able to
understand how the operation of each component
will affect the efficiency of the entire aircraft.
Relays are being replaced by solid state switching
devices. Most modern generator control components
have been transistorized. These are but a few of the
changes that have taken place.

3. In the previous chapter we spent some time
discussing complex dc circuits. Since most power
and control systems are ac, we need to take a good
look at how components react in ac circuits. ’

15. Reactance and Frequency in Circuits

15-1. The characteristics of alternating current
were not clearly understood until the end of the last
century. The efficient use of alternating current as
a source of electrical power is a comparatively recent
development. In fact, the older sections of some
American cities, such as New York City, are still
supplied with direct gurrent. Alternating current
gradually became recognized as a more suitable
source of power. In addition, alternating current can
be easily converted to direct current.

15-2. Altemating Current. Alternating current
is an electrical current that is continually changing
in amplitude and’ periodically changing in direction.
A waveform of alternating electrical power is shown
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in figure 49. From a value of zero, wternating
current builds to a maximum amplitude flowing
toward a reference point, then decreases again to
zero. This is followed by an increase in amplitude
to maximum away from the reference point. then
a decrease again to zero.

15-3.  Instantaneous and peak values. The

instantaneous value of a sine wave voltage or current
is the value of the voltage or current generated at
any instant in time. Instantaneous values are
generally indicated by small letters, such as e
(voltage) and i (current).

154. The peak value of a sign wave voltage
or current is the maximum value that can be obtained
with given circuit conditions. Peak values are
indicated as E_ . or 1. .

15-5. Average value. The average value of a
complete sine wave of voltage or current, based on
a zero reference level, is zero. The reason for this
is that tie negative loop of the wave has the same
amplitude as the positive loop byt is the opposite
in sign. Average value is a term applied to alternating
voltage or current and is restricted to the average
value of one alternation.

15-6. Phase. Phase is defined as the difference .
in time between any point on a cycle with reference
to either the beginning cf that cycle or some other
cycle. The beginning of a cycle is generally taken
to be the point at which the cycle passes through
zero amplitude while moving in a positive direction.
Such consideration of phase is of immediate practical |
importance when the current and voltage cycles start \
at different times or when multiple currents or
voltages are simultaneously present.

15-7. When two alternating currents or voltages, .
increasing in the same direction, cross all zero
amplitude points at the same time, they are said to
be in phase. This in-phase relationship is shown in
figure 50. When two aiternating currents are applied
1o resistive circuits, the voltage and current are always
~phase. That 1s, they increase and decrease, and
reverse direction ut the same time.

15-8. When two alternating voltages or currents
are not increasing in the same direction, or do not
cross all zero amplitude points at the sane instant,
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_ one-millionth of one farad (1 X 10®

.

‘they are said to be out of phase. When alternating’
curreqts are applied to circuits that are not resistive,
the voltage and current are normal]y out of phase.
Conditions of out-of-phase relationships are shown in
figure 51,
about the conditions of lead or lag, as shown in parts
A and B of the fgure

. 15-9. The refresher paragraphs you have just
read should be reason enough‘for us to talk in the
same ]anguage.‘
of the terms that deal,with ac, it is good to review
them to refresh your memory. In paragraph 15-8,
we: spoke of a circuit that was not resistive. If a
circuit is not resistive, it is reactive. Circuit reactance

and its causes and effects is the next topic for

discussion.

15-10. Reactors. As an electrical technician
you have encountered the two basic rez:f:\ors, the
capacitor and the inductor (coil). These two reactors
in a circuit cause reactance. This reactance is either
capacitive reactance or inductive reactance. As our
systems are changed to be more clectronic, your
know]edge of the reactors and their effects will
become more and .more important. Here is an
example of a related and interesting problem. The
electricians at a base having C141's were having much
difficulty with the commode flushing circuit. This
circuit was a simple RC time circuit. When questions
were asked, it was apparent that training was needed
on how capacitors worked. Therefore, we will briefly
review and expand upon your knowledge of
capacitors and inductors. .

15-11. Capacitors. A capacitor is an electrical
device constructed of conductive materials that are
sgparated by an insulator. The conductive materials

e referred to as the plates, while the insulating
aterial is called the dielectric material. The
dielectric may be in a solid, liquid, or gaseous state.

15-12. You should recall that the unit of
measure of capacitance is the farad. This unit,
however, is too large for practical circuits. A more
convenient unit is the microfarad, which is equal to
farad). The
value of a capacitor is generally marked on the body
of the capacitor by one of two methods:

- Color coding.

- Printing or stamping.

15-13. When the voltage appearing across the
plates of a capacitor becomes too high, dielectric
rupture or breakdown may occur. Such a breakdown
would permit an electrical arc between the capacitor
plates. If the dielectric ruptures on a permanent
basis, the capacitor is useless. The voltage required
to break down the dielectric varies with the kind“of
material used and with the thickness of the material.

Aruitoxt provided by Eic:

Later in this section, more will be said =y .

Although you should remember most .
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Thus, a large voltage would “be required to break
down a nearly perfect vacuum, but a capacitor using
air dielectric one-thousandth of an inch thick would
break down at 80 volts. If the air space is increased
ten times this value (oné-hundredth of an inch), the
breakdown voltage increases in direct proportion up
to 800 volts. Commercial capacitors are normally
marked to indicate the working vd]tage. The working
voltage of a capacitor designates the limit of safe peak
ac, peak pplsating dc, or steady dc voltage that may
be app]ied)cl:ominuously across the capacitor without
danger of voltage breakdown.

15-14. During their manufacture, capacitors
may be subjected to production and, environmental
factors which can cause the value of an individual
unit to be other than the intended value, Tolerance
ratings are established by two different methods. The
first method is by means of a set percentage variation,
such as 5, 10, and 20 percent. The second method
is expressed in terms of the actual picofarad variation
of the capacitor. The prefix "pico" means 1 X 102

This method is usually reserved for small capacitors ,

of less than 10 picofarads. Enougch said about the
capacitor. You will remember most of the things
we have mentioned here. The other reactor to be
reviewed is the inductor, whose applications in
circuits are many and varied.

15-15. Inductors. An inductor may take any
number of physical forms or shapes. Basically, it
is nothing more or, less than a coil of wire and a
core material. This unit operates according to the
self-induction principle. Inductors can be broadly
classified with respect to core material and also with
respect to adjustability. Some inductors are classified
with respect to their physical shape and to the

" manner in which wires are wound around the core.

Choke and reactor are popular names used to
designate an inductor.

15-16. Inductors, like capucitors, come in many
shapes and sizes. Their shapes and sizes are as varied
as their application. However, inductor ratings are
different from those of the capacitor. The capacitor
has a capacitance rating, whereas the inductor has
an inductance rating. The unit of measurement of
inductance is the henry. The number of henries is
usually stamped or printed on the inductor. In many
instances, you will find that the only identification
is a number. This number is hsually the
manufacturers' code number for the specific unit.
You must refer to some parts catalog to convert this
code number into the inductance value. This is an
average value, as the inductance will vary with
frequency. .

15-17.
magnetizing current which places the permeability of

The current rating is that value of _
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the core matérial just below the knee of the

saturation current curve. This is the same point

where the inductance of the unit is at its specific
value. This is not to be interpreted as being the
maximum current through the windings without
damaging the inductor.  Insulation ratings are
necessary in some applications, such as power supply
filters, where operating voltages are normally high.
Two fairly standard insulation ratings are 1500 volts
rms and 3000 volts rms. Now that we have discussed
the physical characteristics and ratings of the two
most common reactors, the capacitor and the
inductor, we shall discuss them in their proper
environment for the purpose of better understanding
the effect they have upon a circuit.

15-18. Reactance. The opposition offered to
a specific change of current by a reactor is measured
during any given instant in terms of counter emf,
that is, the voltage which opposes the applied emf.
In dc circuits, however, any oppositiop o current
flow is termed resistance and is measured in ohms.
In ac circuits, it is also convenient to measure reactive
opposition in terms of ohms rather than in terms of
volts or counter emf, This type of alternating-current
opposition is called inductive reactance or capacitive
reactance. [t is assigned the symbol X for inductive
reactance and X~ for capacitive reactance.

15-19. Phase shifts. Reactors used in ac circuits
exhibit the same behavior as they do when placed
in dc circuits. One reason that they appear to react
differently is that ac is continuously changing in
amplitude. As a result, the reactar is never permitted

enough time to exhibit the characteristic exponential

behavior observed in dc circuits. (This behavior was
explained in your previous training.) Because a
counter emf exists, there is a delayed current-voltage
relationship. This delay between current and voltage
is called phase shift. Phase shift may be either in
the form of lag or lead, as shown in parts A and
B .of figure S1.

15-20. If we investigate the phase shift
produced by an,inductive circuit, as seen in part A
of figure 52, it will show the relationship between
voltage "and current. These phase relationships are
shown in part B of figure 52. The inductor current
is zero" when the applied voltage is maximum, and
it is maximum when the applied voltage is zero.
Consequently, the current t rough an inductance is
said to lag the appligd voltage by 90 clectrical
degrees.

15-21. The changing voltage across a capacitor
produces the current through it. An examination of
the voltage waveform across the capacitor, as shown
in figure 53, shows its relationship to the current
produced. As you Z3rsee on the figure, the phase

e

of the circuit current can be taken with respect to
either the applied voltage or the counter voltage. By
yconventional standards, the phase relationship of
current and voltage is based upon the applied voltage.
Therefore, the capacitor current leads the applied
voltage by 90 electrical degrees.  You should
remember that if a circuit has an equal amount of
inductive reactance and capacitive reactance, they
will cancel each other and the total reactance will
be zero. :
15-22.  Reactance versus frequency. The
variation of reactance as a function of frequency can
now be discussed. As you might reason from the
reactance equations, the reactor has no set value of
opposition to ac until a definite frequency is
specified. There are two ways to investigate the
characteristics of reactance.
(1) Maintain a given value of reactance while
the frequency is changed.
(2) Maintain a given frequency while the value
of the reactor is changed.
The formula for computing capacitive reactance (XC)
is as follows:

1
X = __
C  arfc

The formula for computing inductive reactance (Xy)
is as fotlows:

XL= 2nfL

7

15-23. As you can see, the relationships of
capacitance and inductance to frequency are
opposite. As frequency increases, capacitive
reactance decredSbg, while with the same increase in
' frequency, inductivg reactance increases. It may be

said that cdpacitive rpactance is inversely proportional
to frequency, and/ inductive reactance is directly
proportional to frequency. Listed below are two
foblems involving the. capacitive and inductive
reactance formulas. These examples will help you
better understand the principles of frequency versus
capacitive and inductive reactances.

15-24. Suppose that a 0.05-microfarad capacitor
is selected, and that the input frequency is 20 Hertz
(Hz). The capacitive reactance can be worked .as
follows:

N
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1
27(20) (0.05 X 10°6)

1
6.28 (1 X 1076)

106
6.28

0.159 X 106

h

~J

159 K ohms

15-25.  Now you try one. Increase the
frequency from 20 to 200 Hz in the same problem.
If you work the problem correctly, you will find the
relationship of frequency to reactance is the same
as discussed earlier. Your answer should be 15.9 K
ohms.. Remember, capacitive reactance is inversely
proportional to frequency. As the frequency
increased 10 times, the capacitive reactance was
lowered 10 times.

15-26. Inductive reactance s
proportional to frequency. Suppose

directly
that an

8&m11hhenry induétor is selected. Assume the input.

frequency to be the same as in the capacitivé
problem, 20 Hz. You would compute the problem
this way: -

XL‘2nfL ‘ [

6.28 (20) (0.088)

11 ohms

Again increase the input frequency to 200 Hz.

=2nfL

P
—
1

6.28 (200) (0.088)

110 ohms
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As the frequency was increased 10 times, the
inductive reactance increased 10 times. You may
need to review RC, RL, and RCL circuits. We will
make some application of these circuits in the next
section. )
16. Circuit Application of Reactors

16-1. Afterresistance, inductance, capacitance,
reactance, and impedance, what else can there be?
By way of answer, let us say that there are only two
more important factors that have to be considered.

16-2. Any combmzmon of inductive reactance,
capacitive reactance, and resistance forms the total
opposition (impedance, or Z) to current flow in an
alternating-current circuit. In circuits that contain
both inductive reactance, XL, and capacitive
reactance, X, find the circuit impsdance (Z) by
subtracting the smaller reactance from the larger
reactance. There is a special condition where
and XL are exactly equal to each ot.heg Since they
are opposite. in effect, the impedance becomes zero.

At this time the circuit is said to in resonance.
16-3.  Series Resonance. *1f a coil and 2
capacitor are connected in ‘series with a-

variable-frequency source of alternating current, as in
figure 54, the combination of parts is known as a
series-tuned circuit. Since the windings of the coil
in such a circuit have a certain amount of resistance,
the effect of resistance must be considered in the
operation of this circuit. The inherent resistance of
the circuit and the coil is indicated in the figure as
resistor R. If the ac source is set at a low frequency,
the greatest opposition to the flow of current in the
circuit results from the reactance of the capacitor.
If the ac source is adjusted to a high frequency, the
greatest opposition results from the reactance of the
inductor. In other words, at low frequencies the
reactance of the circuit is mainly capacitive, while
at high frequencies the reactance is mainly inductive.

16-4. At only one frequency between the high
and low extremes will the inductive reactance equal
the capacitive reactance. This frequency is known
as the resonant frequency of the circuit, and the
series circuit is said to be tuned to that frequency.
Since the inductive and the capacitive reactances
produce opposite effects, they cancel each other.
This means that the only opposition to the current
flow is that offered by the resistance, R.

16-5. The current flowing in the circuit shown
in figure 54 can be measured by an ammeter. If
the source frequency is increased gradually from a
low to a high value, the current will increase until
it reaches a maximum value at the resonant
frequency, then will decrease. These actions of
increasing and decreasing current are shown in figure
5S.
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16-6. Remember, the current flow in the circuit
is determined by the impedance of the circuit.
Therefore, the impedance of a series-resonant circuit
is at its lowest (minimum) ‘valqe at the resonant
frequency.  This is shown in figure 55. The
impedance is greater on either side of the resonant
frequency, as shown. ‘

16-7. The voltage drop across each element of
the &ircuit is proportional to both ‘the current flow
and the opposition offered by each element. Since
the current flowing in a series circuit is maximum
at the resonant frequency, the voltage as measured
across each unit is greatest at the resonant frequency.
The voltages across the coil and the capacitor of the
series circuits, as shown in figure 56, are equal in
amount and opposite in polarity“at the resonant

frequency. These voltages are very high, even when

a source voltage of only 1 volt is applied. Either
one of these two voltages (across the capacitor or
across the coil) may be used to operate other circuits,
since a marked increase in voltage appears across each
component at the resonant frequency. This voltage
increase, at a particular resonant frequency. is one
of the important effects of tuned circuits.

16-8. The preceding statements may seem hard
to believe at first. However, the mathematics of
electrical circuits further prove the truth of this
seeming paradox. In the series-resonant circuit,
shown in item A of figure 56, the reactances (X¢
and XL) are each equal to 940 ohms. Since they
cancel each other in the impedance formula:

the 7.5 ohms of resistance remain as the only
opposition to current flow. With 1 volt impressed
upon the circuit, the resultant current, as determined
by Ohm's law, is 0.133 amp. To find the voltage
across the capacitor or inductor, it is necessary to
multiply Xj and X by the current flow in the
circuit (940 X 0.133 = 125 volts). The voltage across
the resistor is found by multiplying the value of the
resistance by the current which is flowing through
it (7.5 X 0.133 = 1 volt).

16-9. In item B of tigure 56, a graph has been
plotted to show the variation of current through the
circuit as the frequency is varied from a point below
resonance, through resonance, and then abov= the
resonant frequency. Below resonance, the capavitive
reactance is greater than the inductive. reactance. In
practical circuits the resistance, R, is purpusely kept
to a low value. Although 1t is shown on the ligure
as a separate component, it actually represents the
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inherent resistance of the inductor and the
connecting leads. At frequencies appreciably above
or below the resonant frequency, the current tlow
is determined chigfly by reactance. At these
frequencies, the fesistance (R) is so small in
comparison with “Yhe total reactance that the
resistance is no longer fonsidered an important circuit
factor. )

16-10. When a circuit is at resonance and the
value of either the coil or the capacitor is changed,
the resonant frequency of the circuit is also changed.
If either the capacitance (NOTE: capucitance, not
capacitive reactance) or the inductance or both are
increased, the resonant frequency of the circuit is
decreased. Conversely, if either the capacitance or
inductance or both are decreased, the resonant
frequency is increased. By making either the
inductor or the capacitor in the circuit variable, the
circuit could be adjusted or “tuned" to be at
resonance over a wide range of frequencies. The
limits of the frequency range over which the circuit
can be tuned will depend on the value of the fixed
element and the maximum and minimum values of
the variable element.

16-11. The resistance . present in ,a
resonant-tuned circuit determines the amount of
selectivity of which the circuit is capable. Resonance
curves for three different yalues of resistance (R), as
shown in figure 54, are sHown in figure 57. These
curves are the same type as those shown in figures
55 and 56, where current is plotted against the
frequency. The current flowing in a tuned circuit,
when equal woltages of many- different frequencies
are applied to the terminals, is composed principally
of frequencies ‘}@ and very near to. the resonant
frequency of the circuit. As resistance is added to
the circuit, the total resonant current is reduced in
such a manner that a nearly uniform but reduced
resonance curve is obtained.

16-12.  Parallel Resonance. 1f a coil and a
capacitor are connected in parallel, as in figure 58,
the combination 1s known as a parallel-tuned circuit.
As in the series-tuned circuit, whatever resistance is
present in the circuit elements is indicated on the
diagram by resistor R. Since the coil and the
capacitor are both connected in parallel across a
variable frequency source of alternating current, there
are two paths through which the current may flow,
one path through the inductor and the other through
the capacitor. [f the ac source is set at a low
frequency, the greatest current will flow through the
coil.  The reason for this is that the reactance ol
the coil at the low trequency is small and the
reactance of the capacitor is high. f the source of
voltage is set to a high frequency. most of the current

)
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will flow in the capacitive branch. The reason for
this is that the reactance of the capacitor at the
higher frequency is low and the reactance of the
inductor is high.

16-13. At the resonant frequency, the same as
with the series-tuned circuit, the reactance of
capacitor C is equal to the reactance of inductor L.
Unlike the series circuit, the capacitor and inductor
are in parallel. . The current flowing through the
inductor is opposite in polarity to the current flowing
through the capacitor. With the inductive reactance
equal (o capacitive reactance at the resonant
frequency, the currents flowing through the two
reactances are equal in value as well as opposite in
polarity.  Consequently, they tend to cancel each
other so that the current flowing in the line circuit
iIs minimum.

16-14. The current flow may be read from the
ammeter (A), as shown in figure 58. As the applied
voltage is varied from a frequency well below the
resonant frequency, through resonance, and to a
hugher frequency, the line current changes. "It varies
from a high value at the lower frequencies to a
minimum at resonance, and then rises again to a high
value at the higher frequencies.

16-15. The line curfent is the diffemnce Between
the currents flowing rough the inductive and
capacitive branches of #he circuit, as shown in figure
59. Because of the presence of the inherent electrical
resistance (straight dc resistance) in the inductor,
while none is present in the’capacitor, the two branch
currents never cancel each other completely. As
shown, ‘the line current curve reaches a minimum
value when the other two lines cross (resonance), but
does not decrease to zerv value. The lower the
inherent resistance, the Jower will be the current
taken from the line. Although the line current draw
may be very small, there is a current circulating
between tlie coil and capacitor which may be very
large.

16-16. Assume that 2 capacitor in a
parellel-tuned circuit is charged by means of a
battery, as in item A of figure 60. As the switch
is moved away from the battery connection, the
capacitor retains that stored charge. Next, the switch
is moved 10 make contact with the terminal of the
inductor (coil), as shown in item B of the figure.
When connected to the coil, the voltage stored in
the capacitor causes current to flow from the lower
plate, through the coil, and toward the positive plate
of the capacitor. As the current moves through the
coil, a magnetic field is built up about the coil, as
shown n item 8 When the capacitor is discharged,
a self-induced voﬁ‘age is generated in the coil by the
collapsing flux. This action is shown in item C of

the figure.  The direction of induced voltage
maintains the current flow in 4he same direction.

16-17. - Gurrent flow, caused by self-induction
of the coil, allows the condenser to become charged
with an opposite polarity. Thus, before the magnetic
field about the coil has completely collapsed, the
capacitor is charged once again. Because of the newly
stored voltage and a complete circuit, a current will
begin to flow in the opposite direction, as shown in
item D. Thus the whole process is repeated over
again. ’ '

16-18. To summariZe, the energy in the circuit
which originally came from the battery is first stored
in the capacitor. The energy is then transferred to
the magnetic field about the inductor by the current
flowing in the circuit. This current is alternating,
since it reverses its direction at regular intervals, This
process would r?peat itself indefinitely if the circuit -
containcd{:o resistance. Since all circuits contain
some Tesistance, the process will continue only until
the energy which has been applied to the circuit has

““been spent by the resistance of the circuit.

16-19.  In order to produce a sustained
alternating current, it is necessary, to supply sufficient
power to such a circuit to overcome the resistance
losses. The current taken from the lin€ is very small
when compared to the current oscillating within the
circuit.

16-20. The line current in a parallel-resonant
circuit is minimum at the resonant frequency. This
means that the impedance of the circuit must be
maximum at the resonance. It also means that circuit
impedance decreases at the frequencies on either side
of the resonant frequency.

16-21.  Uses of Resonant Circuit. As has been
mentioned previously, one of the most common uses
of the series-resonant circuit is to fune a radio to
a station. This is what you do when you turn the
tuning knob from one station to another in
attempting to find a ballgame broadcast, The circuit
components in the radio are set up where X, = Xc
at any desired frequency. This allows only currents
at that frequency to flow from the aerial into the
receiver. Al other frequencies are blocked by the
high reactance of either the capacitor or the inductor.

16-22. Another  application of the
series-resonance principle is in the speed control
circuit of certain motor-generator sets that are
designed to operate at a predetermined speed. The
electrical circuit for such a speed control circuit is
shown in figure 61. Included in the design of the
unit is a voltage winding, item C, in which an
alternating voltage is generated as the motor rotates.
The voltage generated is applied through the rectifier
bridge, item B, whose function is to change the ac
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to dc within the motor control field, item A. The
circuit.is then completed through a fixed capacitor,
item D, and a variable inductor, item E, which
together form a series-tesonant circuit. As the rpm
of the motor rises above its predetermined operating
speed, the frequency output of the voltage winding
will cause a resonant condition in the control circuit.
The large current resulting from this series-resonant
circuit condition flows through the motor control

field (A), where it reacts with the magnetic field of -

the armature to reduce motor speed. At low motor
speeds, the frequency of ac generated in the voltage
winding (C) is low, and the high impedance of the
control circuit limits the current flow through the
motor control field to a very low value. For this
reason, at all frequencies other than the resonant
frequency, the small amount of current allowed to
flow through the motor control field will not affect
motor speed. As the speed of the motor and the
frequency output of thé voltage winding increase, the
value of inductive reactance approaches the capacitive
reactance value in the control circuit. When the
resonant frequency is reached, the two reactance
values are exactly equal, at which time the only
opposition to current flow through the motor control
field is the comparatively small resistance of the
speed control circuit. As the resulting high current
reduces motor speed, the frequency output of the
voltage coil decreases, and the circuit reactance
increases to a point where the motor control field
is no longer effective. This condition allows the
motor speed to increase again, slightly, until
resonance is reached, whereupon the same cycle of
events will take place. The net effect of this control
circuit is to maintain a motor rpm at that speed
required to produce a resonant condition in the
control circuit.

16-23. Since the voltage generated in the
voltage winding is an alternating voltage, two
differenit arrow lengths are used on the circuit
schematic diagram to assist you in following the flow
of current in the circuit. The short arrows indicate
the path of current when the voltage is generated
with one polarity, and the longer arrows indicate the
path of current flow when the polarity of the voltage
is reversed. Because the current flow through the
rectifier bridge always passes through the motor
control field in one direction, it is a direct current.
Now that we have covered some of the uses of
series-resonant  circuits, what about wuses of
parallel-resonant circuits?

16-24. The impedance of parallel-tuned circuits
is very high at the resonant frequency and low at
all other frequencies. For this reason, they are used
in vacuum tube circuits to generate, detect, and
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amplify small signals of a given frequency. You will
find some applications of resonant-type circuits in
multi-generatbr power systems. Since you have been
in the electrical field for some time, you are very '
aware that troubles can occur in power systems.
Therefore, let's ‘discuss ways of diagnosing
malfunctions in miulti-generaior power systems.
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CHAPTER 8 : /

DIAGNOSING MALFUNCTIONS IN A MULTI-GENERATOR DC POWER SYSTEM

A DC GENERATOR system--an old hat, you say?
Well maybe, but there are a number of aircraft whose
primary -power systems are dc. In fact, during a tour
in Vietnam we were surprised to find that some
7-level electricians had trouble working on aircraft
whose primary power systems were dc. Many of
these electricians had never worked on a dc generator
system before.

2. As a 7-level technician you will be required
to work on many different types of aircraft. Some
may be familiar. and others may not. In any case,
you will have the job. In this chapter we will discuss

a dc generator system, a type you may have to woik =

on if you haven't done so already. The first thing .

that comes to mind is, what do we need to know
to troubleshoot a dc generator system? How about
operation? We cannot possibly know when
something is wrong if we do not know what is
considered to be right.

3. The above statement puts us right into the
middle of a technical order, the place to find out
how the system operates. Usually, you are presented
~ this problem, that is, your troubleshooting job
begins-when you are handed some kind of work
order that tells you, among other things, that a
trouble exists in the generator system. Then, to top
it off, you realize that you have never worked on
this type of aircraft before. Now let's assume that
you go out to the aircraft and have a look.

17.  Generator System and Component Operation

17-1. As you appraoch the aircraft, the enginecr
comes out to mect you. "“We sure got one this time.
Number 1 generator won't stay on the line, and that's
all I can tell you." Now it Jooks like you have a
good one on your hands. So. where are you going
to start? You arc right, get out the technical order
and read up on the generator system. Now let's see

what the technical order can tell you about the

sysiem,

17-2. DC Power Supply System. The primary
dc power supply is furnished by six engine-driven,
t30—volt-dc generators, rated at 350 amperes each. As
a reserve supply of dc electrical power for operating
certain electrical units, two 24-volt, 36-amp-hour
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batteries are provided. These generators and batteries
are connected for parallel operation to supply

~ electrical power to the distribution buses.

17-3. The generator system includes feeder and
internal  generator ground-fault  protection,
undervoltage protection, overvoltage protection,
differential current, and reverse-polarity protection.
Each generator is controlled by a carbon-pile type
voltage regulator, an overvoltage control panel, and
switches at the flight station.

174.  Manual control of the dc generating
system is provided by the following: six generator
switches, six generator field ciicuit breakers, three
dual dc ammeters, a dc voltmeter, six generator
overheat warning lights, and six field relay trip
warning lights. These controls are all mounted at

the flight engineer's station.

17-5.  The generator manual control switches
are four-pole double-throw, with ON-OFF positions,
and a momentary position identified on the switch
panel by the marking GENERATOR SWITCHES
DOWN TO RESET FIELD RELAYS. Moving the
generator switch to the ON posilion will connect the
generator to the bus if all circuit conditions are
correct, if the generator is delivering rated voltage,
and if enough load is applied to the bus to produce
the required equalizer action.

17-6. Operating the generator switch to the
momentary (down) position, with power on the bus,
will reset the field relay if it has been tripped by
overvoltage or inadvertently left in the tripped
position. This also flashes the generator field through
a current limiting resistor to assure correct polarity
of the generator. voltage. .

17-7. Moving a generator switch to the OFF
position will disconnect the generatoX from the bus,
However, it ‘will not open the field
way, the generator voltage may be checked with the
generator disconnected from the bus.

17-8. The generator field circuit breakers are
switch-type automatic breakers for emergency use
only. They are normally closed. They are to be
opened to the OFF position only when it is necessary
to deenergize the generators in the event of a
malfunction of the system.

4, X
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- of the generators.

17-9. The dc voltmeter is connected to the line
through a rotary-type selector switch. This makes
possible voltage readings of the batteries, of each of
the six engine-driven generators, and of the main bus.
The dual dc ammeters indicale the output of each

17-10. This brief desefiption of the overall
generator system has given you only a general

~ working knowledge of the system. If you are Boing

to determine why the generator will not stay on‘the
line, you are also going to need a working knowledge
of the generator system components.’

17-1t.  Generator System Components and
Circuit Operation. If you will check figure 62, you
will see that the generator system contains a number
of components, most of which can cause trouble.
Our discussion will include all of these components
and their operation. We will start with the generator.

17-12. Generator. The generator is self-excited,
and has a shunt-connected field assembly (see fig.
62). When the engine-driven armature assembly is
rotated within the yoke assembly, its armature coils
cut the residual magnetic field existing in the field
poles of the generator. The small voltages induced
in the armature coil§ are collected from the armature
by the brushes. These small armature-coil voltages
cause a flow of direct current through the field coil
assembly, increasing the intensity of the magnetic
field. This, in turn, causes higher induced voltages,
increased field current, and still higher field intensity.
Since the value of the induced voltages is also
proportional to the speed of armature rotation,
generated voltage continues to build up as the speed
of the generator increases. When generated voltage
reaches a value coinciding with the setting of the
voltage regulator, the voltage regulator prevents
further increase in field current.  The voltage
regulator will maintain a constant generated voltage
by automatically adjusting the field circuit resistance.
However, the regulator alldws the field current to
increase when the voltage decreases, because of load
application or decreas¢ in speed.

17-13. Voltage'r ylator. The voltage regulator
is, essentially, an automatic generator field rheostat
that maintains a constant oufput voltage by
automatically controlling the generator field current.
A view of a voltage regulator and its circuitry is given
in figure 63. The electrical schematic in figure 63
is an enlarged view of the one shown in the lower
left corner of figure 62. The regulator voltage coil
is connected through an adjustable rheostat across the
dc output circuit, from L- to L+. The carbon pile
is electrically connected in series with the generator
field circuit, from G+ to F+. When generator voltage
rises above the voltage at which the regulator has

;7

Sy

[

been set, the current in the voltage coil increases.
This action increases the magnetic attraction- of the
armature core and relieves pressurc of the armature
diaphragm on the carbon pile. The carbon discs irf
the pile tend to separate, increasing the resistance of
the pile. The result is a decreased generator field
current and output voltage. When the generator
voltage falls below the voltage at which the regulator
has been set, reverse reactions take place. The carbon
pile is compressed, thus increasing field current and
output voltage.

17-14. In parallel generator operation, the
voltage regulators equalize the output of the
generators by reducing the voltage of the generator
carrying the greater load and increusing the voltage
of the generator carrying the lesser load. This action
is accomplished through the voltage equalizing coil.
This coil acts upon the carbon pile in a manner
similar to the action of the voltage coil. The voltage
drop in each generator series field is directly
proportional to the current output of that generator.
If there is an unequal division of the load, the voltage
drops in the generator series fields will differ. This
causes a current flow through the equalizing coils of
the regulators, with a resultant change in carbon pile
resistance. The result is a more equal division of
the load.

17-15. Armature shunting relay. The armature
shunting relay is shown in detail in figure 64. It
is also shown in the upper center of figure 62. It
is the magnetically latching type and is tripped, or
reset, by power from the essential bus through
contacts of the field relay. As the field relay is
tripped by either the overvoltage sensing circuit or
the feeder fault scnsing circuit, the armature shunting
relay shunts the generator armature through a total
circuit resistance of about 0.02 ohm. It first isolates
from each other the lead to the negative armature
terminal D and the leads to the equalizer and fault
sensing circuits. The contacts E and J part first to
isolate these circuits, then the contacts A and B close
to short-circuit the generator armature. Finally, the
contacts H and [ close to provide a. ground
connection for the field relay reset coil. Contacts
F, L, C, and K on the relay interrupt its trip, or
reset_coil, circuits when cither action is complete.

17-16. Following an overvoltage fault and
resulting trip of the armature shunting relay, the
generator draws reverse current from the bus before
the line contactors have time to open. This current
is limited by the total resistance of the generator
series field, the shunted armature circuit and feeder
wires, and by the internal resistance of the bus, as
a power source. The peak value of this current never
exceeds about one-quarter of the interrupting
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coapacity of the main contactors.

17-17. Resistor R12 . (connected between F
and H in figs. 62 and 64) prevents tripping of the
fault sensing circuit under certain overvoltage
conditions.  The resistor is connected from the
essential bus to terminal H, through a set of contacts
on the field relay, when the latter is tripped. A small
voltage is applied through the resistor to the fault
sensing circuit while the double-throw moving
contact bar of the armature shunting relay is traveling
from one set of contacts to the other. During the
transient period following an overvoltage fault,
increasing reverse current may be drawn while the
contact bar is in motion. During this motion, the
shunt coil of the fault sensing relay may close its
contacts because of unopposed current in its series
coil. Resistor R12 prevents a current from circulating
(due to increasing reverse current in the current coil)
through the shunt coil of the fault sensing relay, and
through the forward-current relay coil jin such a
direction as to trip the forward-currentAelay. If this
trip were not ;irevented for an overvgftage condition,
it would be indicated that a feeder fault had caused
trip of the f)rotection system, and reset would not
be possible without first resetting the forward-current
relay.

17-18. Field relay. The field relay, shown in
figure 62, is a latched relay with eight sets of
contacts, a trip coil, and a reset coil. Operation of
the overvoltage relay or the forward-current relay,
o a feeder fault, energizes the trip coil. When
the field relay performs the following

Isolates the voltage regulator, thus opening
the shunt-field circuit.

Deenergizes the main contactor and
auxiliary contactor coils to provide breaks
between the generator feeder and the bus.
Deenergizes the overvoltage relay and the
equalizer relay.

Turns on the trip indicator light.

Energizes the armature shunting relay trip
coil. )

. Deenergizes the field relay trip coil.
17-19.  Undervoltage protection. To prevent
reduction of bus voltage to a value likely to become
dangerous in normal operation, (due to equplizes.

~ contacts close

.momentarily to

generator on ;?c bus. With this value of resistance
on a six-generator system, one dead generator with
its switch on produces a drop in voltage of the other
five of 0.6 volt, from no-load to full-load. The
equalizer relay is a single-throw double-pole normally
open relay. It has Palladium ¢ontacts for low contact
resistance. The coil fesistange is 235 ohms, and the

temperature. .

17-20.  Revehse polarity protection. Each
overvoltage control pagel contiins a rectifier (CR1
in fig. 62) to prevent damage to the electrolytic
condensers in the overvoltage circuit, due to reversed
polarity of the generator. The rectifier is installed
in series with a current-limiting resistor, between the
negative side of the field relay trip coil and ground.
If a generator with reversed polarity is installed or
the polarity of an installed generator is inadvertently
reversed during normal maintenance of the system,

reverse current through the rectifier energizes the trip

coil of the field relay. Operating the generator switch
RESET position flashes the
generator field and restores correct polarity.
17.21.  Overvoltage protection. Overvoltage
may be caused by_failure of the voltage regulator or
by short-circuiting of the generator field to a voltage
source. The overvoltage protection system for each

" generator consists of two basic sections. One section

contains the voltage sensing relay with its shunt
capacitors and series resistor for time delay. The
other section contains the selector relay which
detects the generator responsible for the overvoltage.

17-22. The polarized selector relay (this relay
is shown in fig. 66 as the selector relay) is a normally
open, sensitive relay, with a 0.6-ohm coil connected
in series with the’ equalizer circuit for its particular
generator. Regardless of the magnitude of the load,
the generator producing an overvoltage delivers higher
current than the other generators. Since the potential
at point D is negative with respect to ground, a higher
current in the series field of generator No. 1 puts
point D on generator No. 1 at a lower potential than
point D on the other generators. The equalizer
current of the high-voltage generator js sent in a
direction away from the equalizer bus, while the
equalizer current of the other generators is sent in
a direction toward the equalizer bus.

action when one or more generators are stowsd down, %«& 17-23. The selector relay is connected in such

stopped, or deenergized with switches closed) an
equalizer relay is provided on the overvoltage control
panel. This relay is operated by the differential
reverse-current relay, and adds resistance to the
equalizer circuit when the reverse current relay opens
(see fig. 65). This resistance is the maximum that
will still permit enough equalizer action to bring the

B
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a manner as to close its contacts when the equalizer
signal is sent in a direction toward the equalizer bus.
Its polarization prevents it from closing when the
signal is sent in the opposite direction. Thus, with
all generators operating in parallel, all selector relays
(except the one for the high-voltage generator) close.

When they close they shunt out their ‘respective

o

minimdm of 18 volts at room:
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overvoltage relays and prevent their operation. The
selector relay for th\sﬂ(igj(\-voltage generator will not
operate, thereby permitting operation of the
overvoltage relay. . This assures that only the
generator causing the vvervoltage will be tripped and
made inoperative. The [00-ohm resistor that is in
series with the selector relay contacts prevents
damage to these contacts by discharge of the
capacitors. During single-gencrator operation there
will be no equalizer current. Therefore, the selector
relay contacts will remain open and overvoltage
protection will be afforded the generatar.

17-24. The overvoltage relay is a scaled,
sensitive, normally open relay. [ts coil has a
resistance of 1000 ohms and is in serics with a fixed
750-ohm resistor and an adjustable 500-chm resistor.
Two 75-mfd electrolytic eapucitors are connected in
parallel with the oveivoltage relay coil. The relay
coil is calibrated to trip at 30.1 (£.5) volts across
the coil circuit, including the resistors and capacitors.
The contacts of the relay are in serieswwith the field
reldy trip coil, through a 20-ohm current-limiting
resistor. The high value of series resistanceslimits
the rate of charge of the capacitors, which must be
charged before enough voltage is applied to the
overvoltage coil. This provides the necessary time
delay to prevent tripping on voltage transients.

17-25. Feeder-fault protection. The feeder
protector relay assembly includes the differential
current fault sensing relay, the differential voltage
and reverse-current pilot relay, a potential relay, and
a main contactor. These units are shown on the
lower right-hand side of figure 62. The
reverse-current relay contactor circuit/,""of the relay
assembly consists of the main c¢ontactor, the
differential voi nge and reverse-current pilot relay,
and the potential relay. The differential voltage and
reverse-current relay is the toggling type. It is
polarized and has two coils wound on the same
magnetic circuit. One coil has many turns and is
connected to sense tlie differential voltage between
the generator feeder and the bus. 1t closes the relay
when this differential is +0.2 to +0.35 volt. The
other coil is a heavy copper strap “and carries the
generator current. [t opens the relay when the
generator draws reverse current from the bus in
excess of 30 amperes.

17-26. The relay contacts, in series with the
generator switch, energize the coils of the main
contactor, the auxiliary contactdr, and the equalizer
relay. The function of the potential relay is to
protect the coil of the differential voltage and
reverse-current relay against excessive tcrminal
voltage. It is polarized, and its codl senses the voltage
between the generator feeder and the ground when
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the generator switch is closed. ‘The refay closes at
20 to 24 volts and opens at {8 volts.

17-27.  The differential current fault sensing
circuit of the rclay assembly consists of a polarized,
normally open relay having two coils on a common -
magnetic circuit. One coil is a single turn of heavy
copper and is connected in series with the feeder at
the main.bus. The other coil consists of many turns
of small wire. The coi 1s connected through
temperature compensating and calibruting resistors
across the series ﬁ;ia of the generatur. The relay
closes if there is a substantial difference between the
current in the generator scries field and the current
in the generator feeder at the bus, as yould result
from a feeder fault.

17-28. The auxiliary contactor is a heavy duty
unit. It is identical to the main contactor in the
reverse-current and fault sensing rclay. As shown in
figure 62, its contacts are connected in series and
its coils are in parallel with the same parts of the
main contactor. The two contactors disconnect the
feeder from the hus and increase the internipting
capacity at high voltages. In the event that

{overvoltage is produced by a short circuit between
the gencrator armature positive (terminal B of the
generator) and the shunt field positive (terminal A)
at high generator speed, and the armature-shunting
relay is in operation, the two contactors in series
become a double safety factor. ‘

17-29. The forward-current relay (you can see
this in the lower portion of fig. 62) is a polarized
toggling-type relay. It can operate when the current
in the series field is sent in the normal direction, but
not when it is reversed. When the fault sensing relay
operates, it cluses the circuit to the forward-current
relay. If the -wrrent in the series ficld is reversed,
the relay will not operate. If the current is sent in
the normal direction. the relay will toggle, operating
the trip circuit of the ficld relay. This action, of
course, deenergizes the system. il iclay contacts
remain in this position until mechanicully reset. The
forward-current relay can be reset only by means of
the mechanical reset button on the relay cover case.

17-30. Reset circuir. If the ficld relay, as shown
in detail if figure 67, has been trippcd because of
overvoltage or a generator feeder fault, it will not
be immediately evident as to which malfunction has
caused the trip. An attempt to reset the field relay
may be made by opening the generator switch and
closing it todthe opposite (down) pusition. This is
a momentary-on position. .

17-31. If the trip has been due to an overvoltage
condition, and the cause has been removed, the
indicator light will go out and the circuit will be
restored 18 normal. If the cause of overvoltage

g
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persists.  the field relay will be reset but will
immediately trip again.  The tripping action is so
rapid that the generator switch cannot be reclosed
quickly ehough to allow the overvoltage to be applied
“to the bus: Cycling of the f{ield relay trip coil and
reset coil at this time will be prevented by the action
of the reset lockout relay. Resetting the field relay
opens the negative side,of the reset cal, thereby
placing the reset coil and the lockout coil in series.
Because the Jockout coil has a greater coil resistance
than the reset coil, the two in series will allow passage
of enough current 10 actyate the lockout relay but
not enough to actuate tH‘fe reset cotl. Thus, to make
a second reset attempt, the generator switch must
be released. then pressed again. If the cause of the
overvoltage remains. the indicator lignt will~ga_out
momentarily, then come on .each ‘time this is don&

17-32. Following a feeder fault, the
forward-current relay retrips to open the negative side
of the field relay reset coil. The forward-current relay
is remotely located and is reset manually by a button
on its case. The system, thercfore, cannot be reset
by pressing the generator 3witch to the RESET
position until the forward<urrent relay has been
reset. The (np indicator light will burn continuously
duning such an attempt. This circuit prevents the
reapplication of power to a feeder fault and
distinguishes a feeder fault trip from an overvoltage
trip. 1t is purposely made difficult to reset the circuit
after a feeder fault in flight, because the fault shouid
be located and corrected before a reset ishttempted.

17-33. The two preceding paragraphs provide
us with the answer as to why the generator will not
stay connected to the main bus. From what we have
learned about the system, checking for overvoltage
is a good place to start. Assume that a short in the
field circuit. between points B and A at the generator
(figs. 62 and 67), is causing the trouble. All you
have to do 1s to clear the short, and the aircraft can
be on its way. Before we go into a detailed discussion
of system malfunction, let's discuss power
distribution. This discussion includes external power
as well as the uircrafl battery system.

18. Power Distribution System

18-1.  In all aircraft gencrator systems, the
generated power must be distributed throughout the
arcraft before it can be put to work. Included in
the power distribution system are provisions for
connecting external power to the aircraft buses. Also
associated with the distribution system is the aircraft
battery pcy?vcr system. Our discussion will include
each of thesc systems. :

18-2. Svstem Descriprion. Figure 68 shows the
power distnbution for the generator system
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discussed. The power circuit and branch circuits of ~ ° ’7 {

the distribution system are protected against
sustained overioads by thermal-ty pe automatic circuit
breakers. With very few exceptions, circuit breakers
consist of the trip-free type ‘which cannot be held
closed if overload conditions exist.

18-3.  Current limiters are also used in the
distribution system. A current limiter is an aircraft
fuse especially designed to proyvide protection of
aircraft electrical distribution fystems against short X
circuits. The time/current characteristics of the
limiter are designed to permit a temporary overload <
to be carried in the electrical wires but to assure that
‘the limiters will promptly clear short circuits.

184. Power from the aircraft generators is fed
through insulated copper wires to the main power
panel (not shown in fig. 68) and to the main dc bus.
rom the main bus three wires transmit electrical
r forward to the crew door bus. From this bus,
power Js:transmitted to the station 260 bus, the main
junction x (MJB) bus, connector panels, and
various items of egquipment. -

18-5. Two number 1/0 wires are used between
the generator and the nacelle firewall. The two wires
are used to transmit the current from each generator=
to reduce the voltage drop and to assure enough
current-carrying capacity to handle the aircraft dc
load. The major dc loads required at the nacelles,
such as starters, feather pump, and cowl flaps, are
supplied from nacelle buses. Two sectionalizing
relays, one for each wing, serve to isolate the nacelle
buses from. the main bus, except when the nacelle ‘
equipment is being used. ’

18-6. Other major dc Joads, including inverter
input power, are supplied directly from the main dc
bus through current limiters. So much for the overall
power distribution system. Now let's take a ook
at how external power is connected to the
distribution system.

18-7. External Power. Two type MD-3, ac/dc

external power supplies are recommended for use
when the aircraft is to be checked out on the ground.
One unit is used to supply ac power only; the other
unit, dc power only. The conibined output of both
units is 45.0 KW. The total dc load for system
checkout is about 24.8 KW.

18-8. Two S-pronged receptacles are provided
for connecting external power to the aircraft
distribution system. These receptacles are shown in
figure 69. One receptacle is provided for the main
dc bus, and the other for the clectronic dc bus. Both
systems include a reverse-current relay (RCR). The
RCRs are used to connect and disconnect external
power from the aircraft distribution systém. The
relays are controlled by a single-pole single-throw

NN
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*external power is connected

B «
switch on the en%ﬁ/eer s panel.

18-9. Two green push-to-test indicator lights,
on¢ for the main dc bus and the other for the
electronic dc bus (located next to the external power
switch), give -visual indications that one or both
auxiliary power units (APU) are connectsd and
turned on. Two white lights, -one for each bus
(located next to their, associated receptacles), give
visual indication to the ground crew that the ground
power supply is connected to the aircraft distribution
system. These lights are connected to the indicator
terminal on the RCRs (see fig. 69). ¢

18-10. The dc power to close the RCRs and

connect dc auxiliary power to the aircraft bus is -

provided by the APU. This power is taken from the

short pin of the receptacle, through a S-amp circuit’

breaker, and through the external power isolation
control relay to the SW terminal of the RCR. When

‘the external power switch is put in the ON position,
\
power is applied to the SW terminal ‘4f the RCR,

which closes it. When the RCR closes, dc power
is applied to thg aircraft dc distribution system.
When auxiliary power is appﬁed to the system, be

sure to put the battery switch in the OFF position.

Failure to do so can cause generation of explosive@

gases in the battery compartment.

18-11. To check the operation of the external
power system, connect an APU to the separate
electrical and electronic dc power receptacles and
turn on the power units. The gresn lights for the
main dc bus and for the electronic dc bus should
be on. Place the external power switch in the ON
position. The white lights in the external power
receptacle box should come on. These indicate that
to the aircraft dc
distribution system.

18-12. Place the external power switch in the
OFF position. The white power-on lights should go
out to indicate that external power has been
disconnected from the aircraft distribution system.
Shut down the auxiliary power units szd disconnect
them from the aircraft external power receptacles.
~ The greén power-on lights should go off to indicate
that aumhary power has been removed froin the
aircraft.

18-13. This completes our discussion of the
external power system. There is one other source
of power for the aircraft distribution system, and that
is the batteries. The batteries are also considered
an emergency source of power in case of a complete
generator system failure.

*18-14. Aircraft Batteries. The electrical power
system under discussion is provided with two 24-volt,
36-ampere-hour batteries. These bRatteries are the
covered type provided with a venting system which
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picks up rammed air through a tube and forces it
through the .space at the top of the battery. This
air is then forced overboard through the acid trap
(sump jar) to the atmosphere.

18-15. There is not much to the battery power
system, and it should not present any problems. The
batteries are conneeied to the bus by a relay (shown
in fig. 68). The relay™s Yontrolled by a switch on
the MJB No. [ switc nel. In an emergency, battery
power is cohnecfed through the rudder and elevator’
relay to the station 238 circuit brcaker panel.

18-16. Remember, we have said that the battery
provides emergency pgwer in the event of complete
generator system failure. This means that the
condition of the battety is very important. How long
has it been since you 'werg,required, to service a

o;g/n d}eck one? Let's review and expand
upon sem the 'more important pojnts of servicing
lead-acid battcries.

18-17. The state of charge of a lead-acid battery
is determined by thg specific gravity of its electrelyte.
A fully charged battery should have an electrolyte
reading between 1,275 and 1.300, when corrected for
temperature. If an electrolyte reading is 1.240 or
below, the battery should be replaced.

18-18. When it becomes necessary to add water

Sy

to a battery, use distilled water. Clean drinking water

may be used if distilled water is not available.
Battery plates should be covered with electrolyte at
all times, but this level should not be more than 3/8
inch at any time. Excessive filling of the battery
will cause overflow and will probably result in
weakening the battery. [f the battery is going to
be exposed to temperatures below freezing, do not
add water unless the battery will be charged
immediately after adding the water. Charging the
battery will cause the water to mix with the
electrolyte: otherwise it will stay on top and freeze.

18-19. Check the battery terminals for
corrosion. Remove corrosion by brushing with a

o~

stiff, nonmetallic brush. Then wash the battery with *

a solution of sodium bicarbonate and water (1 pound
per gallof%‘r' walter) to neutralize any electrolyte
remaining \in the battery. Remember, corrosion
(between the battery terminal and the battery cable)
acts like a High resistance in a circuit. It can prevent
the battery from providing its full rated power
an emergency. So, make sure that
terminals are clean and tight.

18-20. Check the battery vent system. Examine
the felt pad in the sump jar. If it becomes covered
with a white. (laky deposit or if the sump jar contains
liquid. you must take the following definite actions.
First, remove the felt pad and wash it in warm water.
Second, sdturate it with a concentrated solution of

)
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scdium bicarbonate and water. Third, remove any
excess liquid from the jar. Finally, reinstall the pad.

18-21. This concludes our overall discussion of
an aircraft dc power system. Now, we shall take
another look at the same system and discuss some
p}oblems you may encounter when required to work
on a dc generator system. ’

19. System Analysis

19-1.  System analysis of the dc generator
system is the detection, isolation, and correction of
malfunctions which become evident during nommal
operation or checkout of the system. In all cases
of failure or improper operation, immediately
disconnect the generator by opening the generator
field switch. Investigate the trouble as soon as
possible. When troubleshooting, use an accurate,
portable voltmeter with a range corresponding to that
of the generator-voltage. If one component of the
system has beeh damaged, the entire system should
be inspected foy ary additional damage. Before we
continue our’ discussion of generator system
malfunctions, let us review a method you can use
in aflalyzing the type of problems we will be
discussing. v

19-2. System analysis is a test of ingenuity as
well as of knowliedge. For this reason, we will review

a method of gﬁoub]eshooting prese {e'd during your
S-level training. It is in this ar:%f\’your duty

assignment that your real value to an electrical

maintenance activity can, and will, be measured.
19-3.  System analysis procedures cannot be

considered as ironclad rules. Experience has
increased, and will continue to increase, your
knowledge of clectrical systems. Experience will also

. 1eveal new checks and more efficient methods of
analyzing problems in these systems. Realistic system
analysis is not a hit-or-miss, remove-and-replace,
trial-and-error process; it must be an orderly sequence
of mental and physical actions, ending with the
identification and  elimination of a system
malfunction. A combination of maintenance skills,
intimate knowledge of the operation of the system,
and the use of logical steps in the problem-solving
process is essential to a systematic analysis of any
systemm malfunction.

194. Merthod of Analysis. Although there are
numerous troubleshooting procedures that you might
adopt, let us consider a procedure that experienced
technicians have found very successful. We said earlier
that you must use logical steps to identify and

Consider the steps
\l'ﬁted below:

(1) Identify the problem.

(2) Investigate the problem.

A7

(3) Evaluate the findings.

(4) Isolate the exact cause.

(5) Repair gr remedy. R

19-5. Careful inspections and operational
checks are the key to identifying system
malfunctions, ~ While operational checks are in
progress, notice all indications given by the system
warning lights, indicators, and meters, if any.

19-6. "To investigate the problem, consult the '
technical manuals. Read about the affected system
in the applicable publication for the aircraft, and
study the circuit wiring diagram. The time required
for this study is small compared with that required
for hit-or-miss replacement of units. Now you are
ready to evaluate your findings.

19-7. When you evaluate your findings, ask
yourself this question. "What in this system will cause
the symptoms I have observed?" If the problem
appears complex, it might be a good idea to list on
paper all the possibilities that come .to mind as yéy
work through the circuit diagram. When you have
listed all those things that could Cause the problem,
you are ready to isolate the trouble.

19-8. In the fourth step of system analysis, you
need to eliminate all those possibilities not actually
responsible for the trouble. Where do you start first?
I am sure your experience has made the answer to
this obvious; check the easiest things first. In other
words, check the/circuit breakers first. Thisis a good
check to make at the beginning of any
troubleshooting situation. By checking the easiest
things first, you may find the cause of the trouble
before you perform other tigge-consuming checks. If
s0, you have saved time, wor d much wear and
tear on the aircraft. —

19-9. In the final step of this procedure, repair
or remedy, you must decide what needs to be done
to correct system malfunctions. Just remember:
before you make a costly replacement, prove that
your conclusions are correct. The downtime of an
aircraft to change a component may be many hours,
only to find that the trouble is still there.

19-10. We have now covered the steps that can
help you analyze system malfunctions. In the
paragraphs that follow we will discuss four problems
in a dc generator system. As we discuss these
problems, apply the procedures just outlined, and see
if they will work for you.

19-11.  Problem Number 1. The generator is
disconnected from the load. A voltmeter connected
between G+ and L- (as shown on fig. 62) at the
voltage regulator base indicates a Jow output voltage.
Let's discuss the most probable cause of a
malfunction of this type first, then discuss the
solution to the problem.
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19-12. Probable cause, There are several things
in a generator system that will cause a low-voltage
condition. The following are the most frequently
recorded causes for low voltage in a dc generator
system: :

- Faulty or improperly adjusted voltage
regulator.

- High resistance in the internal or external

connections of the generator circuit.

- Binding. worn, or improperly seated

brushes. '

- A short, grourdd, or open in the generator

. armature.

19-13. Discussion. Of all the probable causes
for low voltuge in a generator system, the voltage
regulator rates number |. In most cases a minor
adjustment of the voltage adjusting rheostat, located
on the voltage regulator (this is shown in fig. 63),
will correct this condition.. This is the only
adjustment that should be made on the voltage
regulator.

19-14. The voltage regulator is set at the
factory, or overhaul activity, to regulate at 28.0 volts.
The precision of this setting is plus or minus 0.7 voit
over the full range of generator speed, load, and
operating temperature. Do not. adjust the core or
pile adjusting screws at any time while the regulator
is installed in the ajrcraft. These screws can change
the voltage setting as well as the regulating
characteristics of the unit.

19-15. If the adjustment of the rheostat on the
voltage regulator does not correct the low-voltage
reading (with the problem isolated to the regulator),
replace the regulator. While the regulator is removed,
inspect the regulator base. Be sure the regulator
contacts are clean and free of corrosion. After you
have replaced the regulator, an operational check of
the system must be performed in accordance with
the aircraft technical order.

19-16. Where in the generator system would
high resistance most likely affect the generator
output voltage? I you came up with the field circuit,
you're right; it's better than an even chance that you
will find the trouble in the field circuit. Just how
extensive a check should be required to locate the
trouble will depend upon the generator system which
you are working. For the generator system just
discussed, the field circuit can be checked with an
ohmmeter. Turn back to figure 62 and we will check
out the ficld circuit.

19447 For esample, connect the ohmmeter
between F+ and L- al the voltage regulator, with the
regulator removed from its base. You should read
between*1/2 (o 3 ohms. A reading higher than this
may indjeate trouble in this circuit. Suppose you
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did get a higher reading (9 ohms) than that
considered normal. What component of the
generator system would you check, and why? |

19-18. Consider this fact. The only contacts
in this part of the field circuit are in the field relay.
Relay contacts are a weak point in any low power .
circuit, such as the field circuit of a generator system.
An ohmmeter check between terminals 3 and 4 of
the overvoltage control panel, shown in figure 62,
will test both sets of contacts in the field relay. Any
resistance  across these contacts will r%quire
replacement of the field relay. '

19-19. Generator output is applied through the
field relay to the voltage regulator. This circuit also
passes through contacts of the ficld relay. High
resistance across these contacts can also cause’a low
output condition. )

19-20. The generator may beat fault. Binding,
worn, improperly seated, or loose fitting brushes will
cause a low oulput voltage. An open or short in
the armature will also cause this pgoblem. In the
event the problem is isolated to the generator, a good
idea would be to remove it and send\{t to the shop
for bench check. Now let's take a look at a high
output voltage problem.

19-21.  Problem Number 2. The generator is
isolated from the load. A voltmeter connected
between G+ and L- at the voltage regulator basg
shows a high output voltage. The cockpit voltmeter
also shows a high output voltdge. As with the low
output voltage problem, the resistance of the field
circuit is affected.

19-22. Probable cause. The following are the
most frequently recorded causes for high voltage in
the generator system:

- The voltage regulator.

- Power short between the generator output

and the field circuit.

19-23. Discussion. This reading of high voltage
is an indication of worse things to come unless the
generator is immediately disconnected from the bus.
Keep in mind that various protective devices in the
system will automatically disconnect the generator
from the bus before any appreciable damage can be
done in the systcm due to high voltage. High-voltage
readings in the generator system indicate that there
is no control over the amount of current flowing
through the shunt field coi]s.a This, in turn, points
to our two probable causes stated above.

19-24. Because of the protective devices in the
system and the possible damage to the aircraft
systems, the problem should be checked with an
ohmmeter from the voltage regulator base.
Remember., when checking any circuit with an
ohmmeter, be sure that the battery switch is in the

8
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OFF position and that the generator is not running.
The circuit being checked by ohmmeter must have
no ather source of electrical power than that
contamed in the ohmmeter itscif,

19-25. In th% system the voltage regulator is
the casiest component to check f{irst. If there is an
open n the voltage coil circuit, the resistance of the
shunt  field circuit wil be minimum, thereby
penmitting increased current flow in the field circuit.
This will give you the high output voltage reading
m the system. How will you isolate this type of

problem? An ohmimeter reading between B and G..

on the regulator will show you the condition of the
voltage coil. ' '

19-26.  If the voltage regulator is not the
problem. the entire field circuit must be checked for
a short between the generator output and the field
circuit. Do not discount an open ground circuit at
the voltage regulator base. With an open 'in the
ground circuit. no current will flow in the voltage
coil circuit. As a result, carbon pile resistance will
again be a1l a minimum with increased current flow
in the field circuit. Our next problem deals with
a zero ouiput voltage from ‘the generator.

19-27  Problem Number 3. No generator
output: the test meter reads zero. The generator was
reset. but the output ined zero. The first thing
that should come to fnind)is the generator. Why the
generator? [f the geberatbr is turning, you should
get a residual voltage rbading. This reading, for most
generaters. should be 0.5 to 2 volts.

19-28.  Probuble cause. Here is a good case
for a broken generator drive shalt. Look again at
figure 62. When the generator was reset, the ficld
was flashed but the generator cutput remained zero.
That eliminates the loss of residual voltage as a
probable cuuse.

19-29  An open lead in the system will give
you a zero reading if you are de/ﬁénding on the
cockpit meter, but your test meter also reads zero
and is connected to terminal B at the generator. You
will no douht agree that the shaft should be checked
noent,
mm the generator.  You check the generator and find
tire drive shaft broken. Before you install a new
generator you had better do some thinking about the
cause of the broken shaft.

19-30.  Discussion. Any condition that will
impose shock loads on the generator may cause
failure of the drive shaft. The generators in this
system1 are driven by reciprocating engines. This, in
itself. can cause a problem. When the engines are
started with the generator switch in the ON position,
the initial acceleration of the engine imposes a load
on the gencrator drive shaft. In this case be sGre

Anyway, we know now that the trouble is -
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the generator switch is in the OFF position for the
purpose of ‘reducing the torque required to bring the
generator up to Speed.

19-31. When the engines are running rough, as
they do right after starting, there is considerable
speed fluctuation. The generators will assume and
drop load, which in turn imposes lar
the generator drive shaft. Again,
of starting, the generator switch
OFF position. ! ‘ .

19-32. Operation of high load%equipment during
ground handling opera“;'tions, while taxiing the aircraft,
imposes stress on the generator drive shaft. While
taxiing, engine speeds are often changed rapidly. The
technical order says that high electrical loads should
be avoided during taxiing operations. The only thing
you can do about a problem like this, if it persists,
is to bring it to the attention of the operations
personnel.

19-33. Finally, bearing failure, but not to the
extent of complete shaft seizure, will cause shaft
failure. Serious roughness can develop, causing the
air gap to vary or the brushes to bounce, which in
turn will cause the output voltage to fluctuate. The
fluctuating voltage will cause shock loads on the
generator, which can cause the shaft to fail.

19-34. Problem Number 4. With the generator
connected to the load, the system ammeter and
voltmeter fluctuate excessively. This,type of trouble
can take many many hours of your time and tax
your knowledge of"a dc generator system to the limit.
With this in mind, we will discuss some probable
causes of fluctuating generator output.

19-35. Probable cause. There are three things
that should come to mind with this type problem.
They are:

Loose connections in the aircraft wiring.

- Defective generator brushes.

- The condition of the commutator.

19-36. Of all the causes for this type trouble,
loose connections in the aircraft wiring would be very
difficult to find. We will discuss this area first.

19-37.  Discussion. It's a good idea to check
first for Joose connections at the various generator
system components. Experience with a system like
this reveals that Joose connections are often found
at the voltagé regulator base. If this is not the case,
then a point-to-point check of the entire control
system wil\ be necessary. Don't overlook -the
possibility of &gr-osion on the voltage regulator base
contacts, or the %oss of contact tension. Trouble with
the contacts onlg}nc voltage regulator base is con-
sidered to be a loose connection and could cause
a fluctuating generator output.

19-38. If a complete check of the system does

st remain in the
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not reveal a looss connection, then the generator -
should be checked. Binding, worn, impropedy ' s
seated, or loose fitting brushes will cause fluctuating
output voltage. Low brush spring pressure, scored -
or pitted commutator, shorfed, grounded, or open
armature windings can also cause fluctuating output
voltage. If the generator has any of the problems -
discussed above, it must be replaced. .
! 19-39. This concludes our discussion of the
entire d¢ generator system. There are many sich .
0 systems in use today in USAF aircraft. They may
not contain all of the same type components as the .
system just discussed, but the principles involved are A
the same. You will find that these same statements &
will be true of the ac system which will be discussed
v in the next chapter.

-
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CHAPTER 9

MULTI-GENERATOR AC POWER SYSTEM PROBLEMS

L4
]

MOST OF QUR modern aircraft use a great deal of
ac power: consequently, there has been a switch from
a primary dc power system to a primary’ ac power
system.  Oné of the most important parts of your
job, as an aircraft electrician, is troubleshooting

malfunctions in electrical power systems. One of the

basic requirements for a good troubleshooter is to
have an intimate knowledge of the normal system
operation. Without  this*~ knowiedge, your
troubleshooting efforts will be hit or miss.

2., In this chapter we, will dlSCUSS systems
aperation, power distribution, ".external . power

systems, and troubleshoating:of a n1u[ti7generator~ac_

power system. Our first discussion will be on normal

.system operation.

&

20. AC Generator System’ Description .

"30-1. The generator system to be discussed is
the 60-KVA main power supply system used on a
fighter aircraft. This electrical system consists of two
30-KVA brushless generator systems. Each 30-KVA

generator system consists of a 30-KVA, 200/115- -vac,
3-phase, 400-Hz generator, a constant speed dnve
An ac

and a voltage rcgulator/superwsory_ panel,
power control box and a frequency and Joad control
are also used. Each of these serve both the left and
right generatings systems, .

20-2.  Since we discuss many transistorized
circuits in this and the next chapter, it is necessary
to review and expand upon the discussion of solid
state devices in your previous training. In figure 70
we have presented a few of the symbols which are
used throughout the text. In detail A of the figure
1s the symbei for a PNP tranmsistor. You will
remember that the emitter is identified with an
arrow.  The arrow indicates which way the positive
hole charges should move. The letters IE, IC, and
1B represent the current in the emitter, collector, and
base of the transistor. The same applies to detail
B. which is an NPN transistor. This time the arrow
is pointing away from the base. When you have
doubts as to what kind of transistor to use,
remember, the arrow always points toward the
N-type material.

20-3. The unijunction transistor that is shown
in detail C i< nothing more than a diode with two
connections made to one portion of the

semiconduEtor. Te{['ninzi] E represents the emitter,
terminal B1 represents one of the base connections,
and B2 the other base connection. For all practical
purposes you can consider the unijunction transistor

_to ‘have the same operating charactenstlcs as the

conventional PN junetion.

. 204. Detail D of figure 70 shows the symbol
for a silicon controlled rectifier (SCR) The SCR
‘can be considered as two separate tramsistors. The
SCR consists of an anode, a cathode, and a gate,
These elements control the turn-on and turn-off
processes of the rectifiers.

20-5, The exacting requirements of the various
electrical and electronic’ sxstems in the aircraft, in
regard to input voltage and,frequency, demand the
ultimate in performance from an electrical power
supply system.
brushless- ac generator and its transistogigzed voltage

_regulator maintain the output voltage ' within +2

percent, with rapid recovery from load Q’ﬁanges The
constant speed dnve and the frequency and load
control box together provide frequency control
within 1 percent. Protective circuits in the _voltage
regulator/supervisory panel and the power control
box remove the generators from the buses if their
voltages drop to an undesirably low value or rise to
an excessively high value.

20-6. Generator Regulation and Excitation. An
ac generator requires an excitation voltage applied to

" its field before any output can be realized. This

75

voltage is obtained from a permanent magnet
generator (PMG) contained within the ac generator,
The single-phase output of the PMG is applied to a
transformer-rectifier  (T/R) in  the voltage
regulator/supervisory panel (VR/SP). The dc output
of the T/R (it is in:the VR/SP) is applied through
a transistorized amplifier (voltage regulator) to the
exciter field of the generator, as shown in foldout
3.

20-7. The generator output voltage is
maintained at a constant value by comparing the
generator voltage to a reference, and adjusting the
excitation accordingly. The voltage regulator
circuitry is sensitive to small voltage changes, and
responds quickly to adjust the excitation to the
exciter field. The low transient reactance of the
exciter and the gain between the exciter field and

3

To handle this requirement, the
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the rotor cause the main generator field strength to
change rapidly. This action maintains the generator
voltage relatively .constant under varying load
conditions.

20-8.
parallel, a reactive load loop, consisting of two
current transformers and a comparator circuit,
supplies reactive load division signals to the voltage
régulator. ‘The excitation is increased to the
generator supplying the least reactive power, and the
excitation to the other generator is decreased. In
this way the reactive load betwcen the generators is
equalized. L ‘

20-9. Generator Frequency Control.  Each
generator is driven by a constant speed drive. The
drive is a mechanical-hydraulic” transmission which
converts the variable speed of the engine to a
constant speed for driving the generators. The-drive
malntains the generator frequency at 400 Hz, with
engine speeds varying from idle to full military rated
* power.
(USS) and a set of bias coils.” The USS is a
‘pressure-actuated switch which pérmits the generator
to be energized and conneéted to the buses if its
frequency is above approximately 375 Hz. If the
generator frequency ‘drops below 360 Hz, the USS
trips the generator from the line. The bias coil in
the drive biases the basic-governor which allows the
frequency and load contral bex (FLCB) to vary the
speed of the drives, maintaining equal real load
division between the generators.

20-10. Generator System Control. :The ac
generator system is controlled by the system's
switching circuits. These circuits connect the
generators to the aircraft buses when their output
voltages and frequencies are correct. The generator
control switch enables the pilot to place the systcm
in operation or to reset the system in the event a
malfunction causes a generator to be tripped off the
line. The switching circuits also allow the output
of a single generator to supply the entire aircraft
electrical load if the other generator should become
inoperative. The switching circuits work *in
conjunction with the fault protection circuits to
remove a faulty generator.from the bus without
interrupting power to the buses.

20-11. Generator System Fault Protecrion.
Circuitry in the VR/SP provides undervoltage,
overvoltage, underexcitation, overexcitation, and

unbalanced current protection. If an overvoltage,
undervoltage, or excitation fault should occui.-the
sensing circuits detect the fault and providc signals
to the system control circuits to remove the faulty
generator from the bus. The unbalanced current

sensing circuit senses the amount of curredt supplied

When the generators are operated in’

Each drive contains an underspeed switch’

+
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by cach genecrator during parallel operation. [f one
generator is furnishing cxcessively morc current than
the other, thc sensing circuit provides a signal to the
control circuits to split the buses. Time delays are
provided in thc various protective circufts to prevent
nuisarice tripping or monientary vartelions occurring
during normal system operation.
20-12. . Generator Faralleling.
paralleling  circuit automatically

The generator
parallels  the

generators when all the paralleling requirements are

met. These requirements are as follows:

.. Both generators operating.

- Both generator control switches on.

- Both line contaelors energized.

- The generators' frequency within 6 Hz

' of each other.

- Phase angle between generators:less
than 135°,

The paralleling circuits are contained in the frequency

and load control box. The circuit is cssentially a

phase detector which eneigizes an automatic

paralteling relay (.\PR). The APR then provides a

‘signal to the system control circyits to Lnergue the

tie contractor, thus parallehng the'generators' output.

. Now that you have a basic understunding of the

generator system components, let's discuss. in detail,
the circuitry rcqlkj’ired for thesc components, and how
the circuitry funciions.

21. Generator System Components and Circuit
Operation ’ .

21-1. When troubleshooting the 60-KVAsmain
power supply system, or any aircralt clecxrical‘power
system, you will find it very helpful il you can divide
the system into subsystems. Then. by eliminating
subsystems, the trouble can be isolated to the section
of the $ystem which does not work. To do this,
you must have extensive knowledge of system:
component operation. You must also know the
system's operational sequence. These subjects are
Jiscussed in the following puragraphs.

21-2.  AC Genérator, The 30-KVA generator
is a brushless, 3-phase, oil-cooted. synchronous
machine using an ac exciter. Also contained within
the generator Is a |2-pole permanent
generator (PMG) which provides power for excitaton
and system control, As you can see n figure 71, t e’
generator is divided mto three parts. The permane t
magnets are mounted at the beartng end of the rotor,\
the main generator ficld windings make up’the center
portion, and the cxciter ac windings are mounted at
the drive end of the rotor.  The 5cncm’)lor tield

magpet

rectificrs are mounted in the porjion of the rotor

supporting the exciter's ac windings.
21-3. A brushless generator can be thought of




#s lwo alternators on a common shafl. one alternator
acting as the exciter for the other. The exciter field
is wound on the stator. This is schematically shown
in figure 72. The exciter ac output windings. the
main ac generator field winding, and the main
generator field rectifiers are mounted on the rotor
assembly, while the main ac generator output
windings are contained in the stator assembly, The
excitation voltage from the voltage regulator is
applied to the exciter control field, which in tum
1s induced in the exciter rotor windings. This is
rectified by the silicon diode generator field rectifiers
- and is applied to the rotating main ac generator field.
In tum, the generator output voltage is obtained from
the main ac genérator windings. Thus, a dc excitation
voitage is applied to.the main rotating field without
the use of brushes and sliprings.

2i4.  Voliage Regulator/Supervisory Panel.
The voltage regulator/supervisory panel (VR/SP)
contains all - the circuitry required for regulation,
supervision, and protectlon {8 the generating system,
Many of the functions of the VR/SP are shown in
foldout 3. The voltage regulator portion of the
VR/SP provides excitation to the generator and varies
this excitation to maintain a constant generator
output voltage. The supervisory portion of ‘the
VR/SP monitors the system operation and, upon
detectmg a manunctlon removes the defective
system from the aircraft buses: To simplify the

_explanation of the VR/SP, weswill discuss the voltage‘;

regulator first. , ,

21-5. Woliage Regulator. The voltage regulator
(VR) section of the. VR/SP s completely
transistorized. It supplies all the excitation to the
brushless generator during buildup, normal operation,
and fault conditions. ~ The VR has two modes of
operation. When the ‘generators are not operating in
parallel. the regulator controls the excitation to the
generator's field to maintain a conslant output
voitage. ~ When the generators are operating in

parallel, in addition to the function of regulating

generator voltage, one regulator operates in
conjunction with the others to equaljze the-reactive
load between the generators. At this point, let us
break the voltage regulator down to se¢c what makes
it work. ‘ )
' 216.  The voltage. regulator section of the
- VR/SP is schematically shown in foldout 4. It is
made up of the- following six basic circuits:

Phase voltage reference circuit.

Waveshaping circuit.

Error -ansing bridge.

Current amplifier.

.. Power supply circuit.
Reactive current sensing circuit.

- and R12 make up the 'other: leg.
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-,R12. The

We will discuss these circuits one at a-time, starting
with the phase voltage reference circuit.

21-7. Phase voltage reference circuit. In
reference to foldout 4, transformers T1, T2, and T3
are connected to phase A, phase B, and phase C
respectively. The outputs of these transformers are
full wave rectified by diodes CR1-CR6. The dc
voltage output from the rectifiers is used as the

-generator phase voltage reference. The level of this

dc voltage is represehtative of “the average phase
voltage. 1f the voltage on one phase rises appreciably
above the others, this increases the average of the
phase-. voltages, and the dc reference voltage
increases. In~this manner, high phase voltage limiting
is accomplisiedd. This pulsating dc voltage output
5 to the waveshaping circuit.

21-8.  Waveshaping circuir. The waveshaping
circuit is made up of Rl and Cl. The 2400-Hz
ripple on the dc voltage output of the rectifiers is
changed to a sawtooth wave by the time constant
of R1 and C1. The output of this circuit is a 2400-Hz
sawtooth (as shown on FO 4) Qﬁperimposed on the

dc phase reference voltage. This signal is then applied '
‘across the error sensing bridge.

21-9. Error sensing bridge.
is made up of resistor R2, thermistor RTI,
potentiometer R7, Zener diode CR7, and resistor
error sensing bridge performs two
functions. The first function is to pulse-width
modulate the first amplifier stage (Q2), with the
sawtooth wave riding on the phase reference voltage.
The second function” is to detect a change in
generator phase voltage arfd bias Q2 accordingly. If,
for example, the phase voltage drops, the bridge will
bias Q2 to conduct over a wider portion of the
sawtooth pulse, thereby" intreasing the generator
excitation. Conversely, if the phase voltage increases,
the- bridge will bias Q2 to conduct over a narrower
portion of the sawtooth wave, thus reducing the
generator excitation.

21-10. The bridge can best be thought of as
two parallel resistive legs connected across the output
of the waveshaping circuit. Components R2, RTI,
and R7 make up one leg of the bridge, and CR7
CR7 is a Zenér
diode which is used as a constant voltage reference.
The temperature characteristi~s of thermistor RT1
are the e as those of the Zeper diode CR7.
.Consequently, any temperature effects on CR7 are
offset by RT1, and the bridge balance is not affected
by temperature changes

21-11.  The output of the “bridge is taken
between the wiper of R7 and the junction of CR7
and R12. The polarity of-this output, with respect

“to the junction of CR7 and R12. is depcndent upon -

- X

The bridge circuit’
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the direction of the generator voltage error. For
example, if' the generator voltage is low, the wiper
of R7 is positive with respect to the junction of CR7
and R12. Wh#n thc generator voltage is 115 volts,
the potential differcnce across the output of the
bridge is approximately zero, and the bridge is in a
balanced condition.

21-12. Current amplifier. The currentamphﬁer
is divided into three stages, Q2, QI, and Q3. Q2
is a waveshaping amplifier. As discussed earlier, Q2
is triggered by a sawtooth wave and produces a square
wave in its output circuit. Ql, a yoltage amplifier,
increases the amplitudeyof the squ\ge wave output
of Q2 sufficiently to drive Q3. 3, a switching
amplifier, applies the excitation to the generator.
The excitation is a pulsating negative dc voltage in
the form of a square wave. These square wave pulses
of excitation are of a constant amplitude, the width
of the pulse being varied to meet the excitation
requirement of the. generator.

21-13. Power supply. The permanent magnet
generator transformer-rectifier provides two outputs,
one used by the VR and the otlrer by the supervisory
portion of the VR/SP. The output used by the VR
is obtained from a secondzi'ry winding of TS
connected to a full-wave bridge rectifier circuit. The
positive side of the bridge rectifier output is
connected to the chassis ground through a set of
normally open generator control relay (GCR)
contacts. The negative side of the rectifier output is

filtered by C30 and C31 and applied to a voltage.

divider network consisting of RS and R11. This same
signal is applied to the emitters of Q2 and Q3 and
to one side of the sensing bridge output.

2]1-14.  Reactive ‘current sensing circuit. The
purposé of the reactive curreny semsing circuit (RCS)
is to equalize the reactive load between the generators
‘during parallel operation. Since reactive load division
is a function of generator excitation, the output of
the RCS circuit is used to bias the voltage regulator
circuitry. This signal increases the excitation to the
_genetator carrying the least reactive load and
decreases the excitation to the generator carrying the
greater reactive load.

21-15* The RCS circuit is made up of two
identical bridge regtifier circuits. They are connected
to the secondaries of. T1,. T2, and T4 (refer to fig.

73). The primary of T is connected to phase A,

the primary of T2 is connected to phase B, and th
primary of T4 is connected to thg output of

phase C current transformer loop. e secondaries
of Tl and T2, in each bridge circuit, are connected
in series, zmd the voltilge across them is representative
of the phase Atg phase B voltage. The voltage across
* the secondaries of T4 is proportional to the amount
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. four operations that occur in sequence.
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of reactive load unbalance, and the phase of the
voltage is determined by the generator which is
carrying the greater reactive Joad.

21-16. When the generators are carrying equal
reactive loads, the output of the current transformer
loop is zero. This is because the current transformers
are connected with their outputs opposing each
other. With the output of the current transformer
loop being zero, only the phase A to phase B voltagé
appears across the rectifier bridges. and the output
of bridge A, measured across C8, equals the output
of bridge B, measured across C7. This results in no
RCS output across the RCS load resistor R8.

21-17. As an example, let's assume that the
left generator is carrying the greater portion of the
reactive load. The outpLit of the left C phase current
transformer will exceed the output of the right C
phase current transformer, and a voltage appears
across the current transformer loop. This voltage is
applied to the primary of T4 in both the left and
right VR/SP. In the left RCS, T4 adds to the voltage
applied to bridge B and opposes the voltage applied
to bridge A. This causes a voltage to appear across
R8. The end of R8 connected to the base of Q2
is negative with respect to the end connected to R7,
because the output voltage of bridge B now exceeds
that of bridge A. The voltage across R8 increases
the ncgative bias on Q2, thereby decreasing the
excitation to the left generator.

21-18.  Since the wiring of the current
transformer loop to the right VR/SP is 180° out of
phase with the left VR/SP, the opposite action takes
place in the right RCS. This increases the excitation
to the right generator. As the right generator's
excitation is increased, it assumes more of the
reactive load; while decreasing the excitation to the
generator causes it to relinquish part of its reactive
load. This action will continue until the loading is
equalized. _ '

21-19.  Supervisory Panel. The supervisory
panel section of the VR/SP is completely
transistorized, and ‘uses only five relays. The
supervisory panel performs its functions in groups of
These
gperations are as follows:

Sensing.

Time delay (where rcqulred)
Logic decision.

- Control.

21-20.  As you can see from this list of
operations, the first objective of the panel is the
sensing of an unsatisfactory condition in the system
operation. Once this unsatisfactory condition has
been noted. u time delay, where required, will occur
before the scdsing circuit could apply a 51gna1 to a
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logic deaision circuit. The logic circunt will compare
this signal with the signals from other sensing circuits
and operate the appropriate system control circuit.

21-21. Feeder fault sensing circuit. One of the
functions of the supervisory panel is feeder fault
sensing. A simplified schematic of the feeder fault
sensing circuit 1s shown on foldout 5. The feeder fault
sensing (FFS) circuit performs the protective
functions of feeder fault protection and generator
burnout protection. This circuit is a Jow phase sensing
circurt, and it detects feeder faults by comparing each
phase voltage with the average of the three phase
voltages appearing on the voltage regulator error
sensing bridge.

21-22.  When a feeder becomes faulty, the
voltage on that phase drops. The voltage regulator
detects the drop and increases the excitation to bring
the voltage up” It is this action, plus the extremely
low impedance of the generator, that causes an
excessive amount of current to be supplied to the
fault. If the fault does not clear immediately, and
if the phase voltage does not drop sufficiently to be
detected by the undervoitage sensing circuit aliowing
the generator to be tripped on undervoltage, the
generator QJ; burn out. Under these conditions,
the FFS cirtnit reduces the excitation to the
generator, thus preventing generator damage and
allowing the generator to be tripped off the line on
undervoltage.

21-23.  The FFS circuitry consists of a half-wave
rectifier circuit and a blocking diodc in each phase,
a transistor, Q25, connected across the voltage
reference element, and CR7 of the voltage regulator
error sensing bridge. During normal operation of the
system, the dc output of the A, B, and C phase
rectifier networks is compared to the base of Q25
by CR117, CR121, and CR125. Q25 is normally cut
off, and the voltage functions in a normal manner.

Q25 will remain cut off as long as the voltage .

between each phase and neutral does not differ by
more than approximately 5 volts.

21-24. If a feeder for any phase faults, the
voltage on that phase drops. The voltage regulator
senses this drop and applies re excitation to the
generator. When the generattys are in parallel, the
unbalanced current sensing circuit biases the voltage
regulator for still more excitation. The dc output
of the rectifier circuit on the faulted phase drops
proportionally to the drop in the phase voltage. If
the phase voltage drop is more than approximately
S volts, the blocking diode between the faulted phase,
the rectifier circuit, and the base of Q25 conducts.
This also causes Q25 to conduct, shunting the Zener
diode CR7. The lower voltage drop caused by Q25
conducting becomes the reference for thé error

B
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sensing bridge. This new reference is such that it
produces a generator output of approximately 70 vac
on each phase. The new level of generator voltage
is far below the trip-out point of the undervoltage
sensing circuit (UVS). The generator will trip off
the line on undervoltage, and because of the lower
generator voltage the probability of damage to the
generator from overcurrent during the S time
delay is greatly reduced.

25.  Undervoltage sensing circuit.  The
underv(;l:) sensing circuit provides the generator
system with pndervoltage protection. In conjunction
with  the ~reactive bias circuit, it provides
underexcitation protection. The undervoltage sensing
circuit monitors the lowest phase voltage. If this
voltage is less than 102 volts, the undervoltage circuit
provides a signal through a 3.8-second time delay
circuit to trip the generator off the line.

21-26. I, during parallel operation, a voltage
regulator malfunction should result in unexcited
condition of the generator, the underg;n
circuit (in conjunction with the reactive bias circuit)
trips the faulty generator system off the line. For
example, if a generator is underexcited, its output
voltage decreases. Sinck one generator is capable of
supplying the entire aircraft electrical load without

going into an undervoltage condition, the decrease

in voltage from the underexcited generator causes
only a slight decrease in the voltage on the buses.
However, the underexcited generator supplies the
smalier portion of the reactive current. The reactive
bias circuit detects this current unbalance, and
changes the trip-out points of the undervoltage
sensing and overvoltage sensing circuits. The trip
points for the generator supplying the most reactive
current are lowered, and the trip points for the
generator supplying the least reactive load are raised.
Since the generaters are paralleled and each

. undervoltage sensing circuit is detecting the same

voltage, the underexcited generator trips off the line
on an undervoltage fault and the other generator
supplies the entire aircraft electrical load.

21-27.  Overvoltage sensing circuit. -~ The
overvoltage sensing circuit (OVS) provides the
generator system with overvoltage protection and, in
conjunction with the reactive bias circuit, provides

overexcitation protection. The OVS circuit responds

to the highest phase overvoltage and, through its time
delay, produces a trip circuit with the delay time
being inversely proportional to the overvoltage level.
If a generator becomes overexcited during parallel
operation, the reactive bias circuit. biases the OVS
circuit to produce a trip signal with the same time
delay characteristics as the overvoltage trip signal. If,
during paralle] operation, a voltage regulator

’

tage sensing .
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rrbfunction causes a generator to become
overexcited, both OVS circuits sense the overvoltage
and trip both generators. This actidh results in a
complete power loss to the aircraft. To prevent this
from happening, the reactive bias circuit provides
selective tripping signals to the OVS circuit, and the
faulty generator will be tripped off the line on
overvoltage. In the next few paragraphs we will
discuss the operation of the reactive bias circuit
during the time the system is in an overc,\gcitation
or underexcitation fault.

21-28. Reactive bus circuit. Let's agsume that
a failure of the voltage regulator in the Aeft VR/SP
causes the left generator to be overexqi‘ted, and its
voltage increases to 125 volts ac. /Because the
generators are paralleled, both OVS tircuits detect
the overvoltage. However, the reacjive bias circuit
(RBC) biases the OVS circuit so’ that only the
defective (overexcited) gencrator lﬁ tripped off the
line. If it were not for this RBC action, both
generators would be tripped. Off course this would
result in complete loss of the airfa'raft power system.

21-29. Because the left .generator is being
overexcited, it is supplying the mast reactive current.
This causes an output from the' C phase current
transformer loop which is applied across T7, as shown
in figure 74. The wiring to the VR/SP from the
current transformer is such that the output of T7
adds to the voltage applied to bridge C of the
generator supplying the greater amount of reactive
current. Since the left generator is now overexcited
and supplying the greatcr amount of reactive current,
the voltage from secondary 2 of T7 is adding to the
voltage of secondary 2 of T6 in the left RBC. This
causes an increase in the positive output of bridge
C. The voltage from secondary 3 of T7 is opposing
the voltage from secondary 3 of T6. This causes
a decrease in the negative output of bridge D. Since
the magnitude of the positive voltage has been
increased while the magnitude of the negative voltage

8, has been decreased, a positive voltage now appears
across the RBC load resistors in the left OVS and
UVS circuits.  Since the wiring of the current
transformer loop to the right VR/SP is 180" out of
phase with the left VR/SP. the opposite action takes
place in the right OVS and UVS.

21-30. We will assume. the degree of current
unbalance between the generators is such that the
positive voltage across the RBC load resistor R74 will
lower the left generator overvoltage trip point ‘v 120
volts. At the same time, the right generator
overvoltage trip point is rdised by the the samc
amount, making it 130 volts. Since the overexcitation
in theygxample raised the phase voltage to 125 valts,
the left generator trips on overvoitage. Begause the
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right generator overvoltage trip point was increased
to 130 volts, the right generator continues to operate
normally and now assumes the entire eicctrical load.
When the lcft generator tripped ol the iine, the loop
shorting relay was deenergized by the system
switching circuits, shorting the current transformer
loop. The RBC output dropped to zero and the
overvoltage trip point for the right generitor returned
to normal. .

21-31.  The action of the RBC during an
underexcitation fault is the same as during an
overexcitation fault. In either case, the RBC lowers
the trip point of the UVS and the O\S circuits in
the generator system supplying the most current, and
raises the UVS and OVS trip points in the generator
system supplying the least current. In the case of -
an overexcitation fault, the generator supplying the
most current is the faulty one and 1t 18 [rippe"d on

‘overvoltage. In the case of an underexcitation fault,

the generator supplying the least reactive current is
the faulty one and it is tripped on undervoltage.

21-32. Contactor logjc circuit. The contactor
logic circuit is shown in foldout 6. It operates the
generator contrgl-relay (GCR), the contactor control
relay (CCR), and the isolate relay (IR). During
generator buildup, the contactor logic circuit
temporarily disablcs the UVS circuit and closes the
GCR. This action applies excitation to the generator
and system control voltage to the CCR circuitry.
When the generator voltage builds up abuve 107 volts,
the UVS circuit’signals the contactor logic circuit to
close the CCR, thus energizing the generator line
contactor.

21-33. The contactor logic circuit responds to
signals from the system protective circuits to open
the line contactor, and deenergizes the generator in
the event of a malfunction or fault within the syste%_
If an overvoltage-overexcitation or
undervoltage-underexcitation condition occurs, the
contactor logic circuitry trips the isolate rclay, thus
opening the tie contactor to allow the protective

"circuits to trip the defective generator olf the line.

At thus point we will take o closer ook at the
contactor logic circuitry. The circuitry shown on
foldout 6 can be broken down into four basic
circuits:  the GCR closecoil circuit, the UVS
disabling circuit, the CCR control circuit. and the
GCR trip-coil circuit.

21-34. The‘GCR is a dual col latching relay.
The application of power Lo one coil closes the relay:
power to the other coil opens the relay. The GCR
close-coil circuit functions to energize (clpse) the
relay. This will apply excitation to the generator
and voltage to thc CCR control circuit. The close-coil
circuit functions in the following manner. When the
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generator control switch (GCS) is closed, voltage is
apphied to Q13.  Since SCR! is not ngmally
conductimg, QI3 is forward-biased und conducting.
The voltage drop acruss RS2 forwurd-biases Q14, and
when the underspeed switch closes. Q14 conducts.
This closes the GCR and at the same time’a set of
GCR contacts ground the base of Q14, causing it to
wrn off. The GCR now remains <losed until the
trip coil is energized.

21-35. Undervoltage sensing disabling circuit.
The UVS must be disabled prior to-the closing of
the GCS and the underspeed switch (USS) to prevent
an automatic lockout of the GCR. Transistor Q29
performs this operation. The UVS trip signal is
blocked (untd the USS closes) by transistor Q29.
Transistor Q29 does this by keeping Q16 in a state
of conduction. Normally, if an undervoltage
condition exists, the UVS will function to trip the
generator off the line. However, Q29 is cut off
during initial buildup. Because Q17 of the UVS
circuit, is conducting. electron flow now'exists from
the collector of Q17 through R113, CR103 and
R117, to the unregulated poweympply. This applies
sufficient voltage to the base” of Ql6 to keep it
conducting, and keeps Q9 from firing. Thus no trip
signal is applied to the contactor logic circuits, and
when the USS closes, Q14 closes the GCR and the
generator starts to build up.

21-36. Contactor conmrol relay conrrol circuit.
The third basic circuit of the contactor logic circuit
is the contactor control relay (CCR) circuit. The
CCR control circuit energizes or deenergizes the CCR,
which, in turn. engrgizes or deenergizes the line
contactor. The circuit cousis's of transistors Q18 and
Q19 and the CCR coll. Transistor Q18 energizes the
CCR coil, and Q19 deenergizes the coil.

21-37. When the GCR is closed, a dc voltage
is applied across the series circuit, consisting of CR53,
Q19, the CCR coil, CR79, QIi8, and CR67.
Transistor Q19 is forward-biased by voltage divider
network R77, R51, and R48. Q18 is reversed-biased
because there is no eclectron flow from the UVS
circuit through the voltage divider network R71 and
R78. When the generator voltage builds up to 107
volts, Q16 in the UVS will conduct, causing electron
flow through R71 and R78. This will cause Q18
to conduct. and the CCR closes, locking itself in
through a set of auxiliary contacts and energizing the
line contactor. The CCR remains closed until a
system protective circuit causes SCR1 to fire and cut
off Q19, or until the GCS or the USS is opened.

21-38. When the generator is shut down, either
by manuglly plecing the GCS to OFF or a protective
circuit tires SCR|, the CCR and the GCR must
operate in sequence. That is, the CCR must opén
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before the GCR; otherwise the generator would be

deenergized while still connected to the bus. This
sequencing is accomplished by CCR contacts 2 and
4. Supply voltage is not applied to Q26 until after
the CCR has deenergized. thus preventing the GCR
from opening until the line contactor has opened.

21-39. GCR trip-coil circuit. The fourth section
of the contactor logic circuit to be discussed is the
GCR trip-coil circuit. The purpose of the GCR
trip-coil circuit is to deenergize the GCR. The circuit
is composed of Ql1, Ql2, and the relay trip coil.
Transistor Q12 energizes the relay coil, while Q11
insures that Q12'is turned fully on. Normally, Q11
and Q12 are reversed-biased and not conducting.
When a system protective circuit fires SCR1, Q26
being cut off causes Q12 to conduct, opening the
GCR. With Q12 conducting, the base of Q11 is near
ground potential. This causes Q11 to conduct,
increasing the forward bias on Q12 and deenergizing
the GCR.

2140. Unbalanced current sensing circuit. The
unbalanced current sensing circuit (UCS) functions
during parallel operation to split the buses if the real
load division between the generators becomes

éxcessively unbalanced. If a CSD malfunction should .

occur, causing one generator to supply considerably
more current than the other, the UCS detects the
unbalance and applies a signal through a fixed time
delay circuit to the isclate relay circuit. The isolate
relay then energizes and opens the tie contactor,
splitting the system.

2141. When an unbalanced condition exists,
a voltage proportional to the amount of current
unbalance is applied across the bridge rectifier circuit.
As shown on figure 75, this circuit consists of CR33,
CR84, CRS8S, and CR86. The output of the bridge
rectifier circuit, filtered by C24, is applied to the base
of transistor Q21. Q21 is normally at cutoff.
However, if the current unbalance becomes excessive,
the positive output of the bridge will turn on Q21.
When Q21 conducts, Q20 will conduct. This causes
most of the power supply voltage to appear across
R102. When Q20 conducts, the voltage on the
cathode of CR88 becomes greater than the voltage
on the anode, and the diode becomes reverse-biased.
R89 is adjusted so that approximately 5 seconds is
required for the voltage across C25 to increase to
a level sufficient to fire unijunction Q22 and to close
the isolate relay. This opens the circuit to the tie
contactor, caiding the generators to split. Now, the
system protective circuits in the VR/SP will function
to remove the defective generator system from the
bus, and the switching circuits will reclose the tie
contactors, allowing the remaining generator to
supply the entire electrical load.
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2142. This completes our discussion of the
VR/SP. As you can see, there are many circuits
contained in this single unit. Looking at foldout 3
again, you will notice that for each generator there
are only six major units that can malfunction. So
far Wejﬁave discussed two of them. Next, we will
discuss the frequency and load control box.

2143, Frequency and Load Control Box. The
frequency and load control box (FLCB) contains the
circuitry required to perform three generator system
control functions. These functions are fine frequency
control, automatic paralleling, and real load division.
The FLCB is made up of six major circuits, as shown
on foldout 7. Let's identify these circuits one at a
time, beginning with the dc power supply. This
power supply provides the operating voltage for the
transistorized circuits. The frequency reference
providess a 400 * 0.2-Hz reference signal. The
frequency comparator samples the generator
frequency, and compares it to the reference signal.
The_load division demodulator detects a real load
unbalance between the parallel generators. It also
provides a pulse amplitude correction signal to the
power output and mixing circuit. The power output
and mixing circuit combines the frequency

comparator and load division demodulator signals in,

a correction signal which is applied to the bias coils
in the CSD. Finally, the automatic paralleling circuit
will close the tie contactor when the generator
outputs are within prescribed limits as to phase angle
and frequency difference. Now we will discuss these
circuits separately, starting with the dc power supply.

21-44. DC power supply. The dc power supply
is a gonventional full-wave center-tapped transtformer
rectifier circuit. The power supply receives its input
from C phase of the left generator, as shown in
foldout 8. As previously mentioned, the dc power
supply provides the operating voltage for the
transistorized circuits of the FLCB. °

21-45.  Frequency reference circuir.  The
frequency reference circuit provides a 400 £ 0.2-Hz
signal, which is used'as a standard by the frequency
comparator circuit. The frequency reference circuit
consists of two separate circuits, the tuning fork
oscillator circuit and the fork scale-of-two circuit.
The tuning fork oscillator circuit produces an 800
+ 0.4-Hz signal which is applied to the frequency
comparator circuit.

21-46. When the dc voltage from the power
supply is applied to the tuning fork, the fork starts
vibrating. The tuning fork circuit is shown in the
lower right corner of foldout 8 and in detail in figure
76. The vibration of the fork produces an 800-Hz
signal, which is amplified by Q801, and appears in
the form of a modified square wave at the junction

of R802 and C802. This signal is stepped down 1o
400 Hez by the fork scale-of-two circuit.

21-47. The fork scale-of-two circuit \has two
stable conditions. The circuit is stable whet Q302
is conducting with Q504 cut off, and also, when
Q504 is conducting with Q503 cut otf.  For the
purpose of explanation, we will assun-c that Q303
is conducting and Q504 cut off. The modified square

" wave signal from the tuning fork oscdlutor is formed

into a clamped square wave by Zener diode CR505.
This clamped square wave 1s coupled to the
scale-of-two circuit by CS03 and CS0-t. When the
input signal goes negative, Q503 will ci.t off. When
QS03 cuts off. the collector voltage will increase.
This causes an increase.in the voltage Jd.op dcross
R516, causing Q504 to conduct. This vompletes the

- shift of the scalc-of-two circuit from one stable state

to the other.

2148. The next negative pulse [rom the tuning
fork circuit turns Q504 off. When Q504 cuts off,
collector voltage increases, causing an increase in the
voltage drop across RS15. This turns on QS03, and
the scale-of-two circuit is now back to the original
stable state. The transition from one stable state to
the-other occurs on each negative pulse of the input
square wave. This results in an output signal across
R503 in the torm of a square wave exactly one-hall
the frequency of the input signal.

2149. Frequency comparator eircuit The
frequency comparator circuit consists ol three
reference scale-of-two circuits, three generator

scale-of-two circuits, and a phase demodulator circuit.
Looking at the frequency comparator circuit of figure
77, you will notice that the generator trequency

_input is to the generator scale-of-two circuit No. 1.

Now three circuits of the generator scale-vf-two
circuit will reduce the generator's input signal to
one-eight its original frequency. As an example, let’s
say that the generator input frequency rto the
generator scale-of-two circuits is 400 Hz. Each
scale-of-two circuit will reduce its input signal to
one-half the original value.

the other side of the circuit at the same tume, the
reference scale-of-two circuits are reducing the uiput
signal from the frequency reference circuit. This
signal is also,reduced to SO Hz and applied to the
phase demodulator circuit. The phase demodulator
will now combine these two signals and provide an
output signal to the power output and mixing circuit
in proportion to the amount of frequency difference
between the
frequency signal. 3

21-50. If the generator trequendy s gréater than
the reference frequency, the feedback circuit tlocks

oy

S1)

Theretore. the signal |
* entering the phase demodulator will be 50 Hz. On

~eference signal and the generator.
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the' final generator scale-of-two signal. This results
in the pulsé width of the signal from CR40! beimng
the greater, and the powgr output and nixing circuit
reduce the speed of the drives. This brings the
generator frequency down to that of thie reference
frequency. The same also applics when a generator
is operating al the same frequency as the reference,
but the phase of the generator signal 1s lagging the
phase of the reference signal. In this case, the width
of the output signal from CR401 is greater than the
width of the output signal from CR402. These
output signals arc applied to the power output and
mixing circuit, causing drive speed to increase and
bring the generator and reference in phase with each
other.

21-51. Load division demodulator circuir. The
load division demodulator circuit provides a voltage
amplitude modulated signal to the power output and
mixing circuit. It does this to “correct for an
unbalanced real load condition between the paralleled
generators. The input signal to the load division

demodulator circuit is supplied by a current,

transformer loop 1n the ac power control box.
21-52. When current is flowing in the C phase

generator lead, a voltage proportional to the amount

of C phase current is induced within the C phase

. current transformer, as shown on foldout 9. The

C phase current transformer for each generator is
connected with its outputs opposing within a loop.

When the generators are supplying equal currents, the,

output of the current transformer loop is zero.
However. 1f one gehgrator is supplying more current
than the other, an output voltage appears across the
current transformer loop. f the right generator is
supplying miore current than the left generator, pin
R of the FLCB connector is positive with respect
to pin P. If the left generator 1s supplying ntore
current than the right generator, pin P is positive with
respect to pin R

21-53. The lvad division demodulator contains
two bridge recuficr cireuirs.  Bridge A and bndge
B are powered by separate secondaries of T1 through
separate secondarics of T3. The secondaries of T3
are so connected in the circuit that when the output

of one T3 second.ry is adding voltage tu its bridge

crcuit, the other T3 secondury is subtracting voltage
from 1ts bridge circunt.  This results in one bridge
applying a greater voltage to the power output and
mixing circuit than to the other bridge. This action
causes one CSD to speed up slightly and the other
to slow down slightly, thus balancing the real load
beiween the generators.

21-54. To dlustrate the operation of the circuit,
we will assume that the right generator is supplying
3 greater amount of current than the left generator.

-
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positive with respect to pin P. Normally, no
tage is present across the primary of T3, and the
nly voltage applied across bridges A and B is that
rom the secondaries of TI1. Thus, the bridge A and
bridge B voltages &pplied to the power output and
mixing circuit are equal. However, one generator is
now producing more current than the other, and a
voltage is applied to the primary of T3 from the
current transformer loop. The voltage from the
secondary of T3, connected to bridge B, is opposing
the voltage from the secondary of TI, thereby
reducing the brldge B output voitage. The voltage
from the T3 secondary, connected to bridge A, is
adding to the voltage from the secondary of T1,
thereby increasing the bridge A output voltage. The
powef output and mixing circuit reduces the speed
of the right CSD and mcreases the speed of the left
CSD. Because the generators are in paraflel, the
actual speed of the drives does not changag It is
the torque of the drives that actually changes,
resulting ih an equalizing of the real load.

21-55. Power output and miging circuir. The
power output and mixing circuit istOIdout
10. It consists of digital circuitry which tegrates,
the frequency error sxgnals from the frequenqy
reference circuit with® the unbalanced load sign
from the load division demodtilator eircuits. e
resultant oulput signals are applied to the drives to
correct the off frequeney or unbalanced ,load
conditions.

21-56. For cxample, we will assume that the
real Toud is balanced between the generator, and
the generator frequency iy synchruﬁicd with the

»

reference frequencey. Under these donditions. the
voltages from bridges A and B of #i¢ load di-
vision demodulutor circuii are equal. and the
widths of the pulses from the frequency compara-
tor circuil, through CR401 und CR402. are equal.
When a positive signal is present from CR402,
transistors Q201 and Q202 conduct. This allows
current {lew through the left CSD “increasc™ coil.
and through the right CSD “increase™ coil. When
a_positive signal appears from CR401, CR402 is
negative, cuturr off Q20! and Q202 with Q203
and Q204 conducting. This cuts off the current
flow, through the left and right “increase™ coils.
Now current is permitted through the left and
right “decrease™ C()llS With n&prcquenu or load
crror. the “increase™ and “decrease™ coils in the
drives are encrgized alternately with pulses of
cqual width and amplitude, thus rcsulting in no
chupge in the drive speed.

21-57. When the generator frequency is low,
the width of the pulses from CR402 will be greater
than the width of the pulses from CR40]. This will
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cause Q20! and Q202 to conduct longer than Q203
and Q204. This action energizes the "increase” coils
for a greater period of time than that of the
"decrease" coils. This causes the drives to increase
speed until the pulses from CR40l and CR402 arc
equal. If the’gcnerator frequency were high. the
width of the pulses from CR401 would bc greater
and the opposite action would take pluce.

21-58. If the left generator was Supplying the
greater load current, the voltage from bridge B in
the load demodulator circuit would be greater than
the voltage from bridge A. This results in the voltage
on the right "increase” and left "decrease" coils being
greater than the voltage on the right "decrease” and
left "increase" coils. The net result of these voltage
differences causes the left drive to slow down and
the right drive to speed up. This action equalizes
the real load by changing the torque on the drives.
Any combination of frequency and load errors can
be corrected by the power output and mixing circuit.

21-59. Automaiic paralleling circuit. The last
circuit contained in the FLCB to be discussed is the
automatic paralleling circuit. This circuit is shown in
foldout 11. It consists of a phase-shift translormer,
bridge rectifier, and KI, the automatic paralleling
relay (APR). It will parallel the generator utputs
(close the tie contactor) when conditions o?\ﬂmse
angle and frequency between the generators® are
suitable for paralleling.

21-60. The automatic paralleling circuit
functions as a phase sensitive detector. When the
left and right generators are placed.in operation,
phase C voltage from the left generator is applied
directly to one side of the bridge circuit (refer to
FO 11), and phase C voltage from the right generator
is-applied to the other side of the bridge through
T2. When these two voltages are beat together across
the bridge, the resultant dc output of the bridge will

vary from zero vdc, when the generators are 180°

out of phase, to approximately 230 vdc, when the
phase angle between the generators is zero degrees.
The dc voltage varies at a rate equal to the beat
frequency of the generators (refer to details A and
B of FO I1). .

2161. The dc output of the bridge is then
applied to the APR coil. When tHe phase angle
difference between the generators is approximately
90°, the output of the bridge is-enough to close the
APR. The relay remains closed until the phase angle
between the generators exceeds approximately 140°.
At this phase angle the output of the bridge is too
low to hold'(in the APR, and it will open. Thus,
it can be seen how the APR will pulsg with the beat
frequency of the generators. The generator system
-control voltage is applied to the tie contactor cod

34

also.  However, due to the physical characteristics
of the, tic contactor, such as armature size, {riction
between the movable parts, etc., the pulses from the
APR must be approximately 90 milliseconds or
longer before the tie contactor cun close. The closing
of the tie conuactor parallels the gengrator guiputs,
the generatars lock in phase, and the APR Jemains
closed. , - A

2162 AC Pouwer Conmrol Box. The ac power
control box is the main connecting unit between the
generator and the aircraft loads.” By looking at
foldout 12, you can see that the unit contains the
l[ollowing major components:

- Left and right line contactors, LLC and

RLC.

- Tie contactor, TC.

- lixternal power contactor, %E,Q

. Loop shorting relay. LSR. )

- . (drrent transtormers, CT.

21-63. Contactors. The ac power control box
contains 4our contactors. Each contactor has three
main contacts to complete the 3-phase power leads
and several auxiliary contacts used 1n the switching
sequence. The left and right line contactors connect
the output of the left and right generators to the
arcraft loads. The tie contactor is used to parallel
these two outputs. The external power contactor
connects the aircraft loads to the“external power
receptacle.  The operation of these contactors is
controlled ~ mainly by thee * voltage
regulator/supervisory panels. )

21-64. Loop-shorting relay. The loop-shorting
relay shorts the three current transformer loops
whenever the tie contactor is dcenergized. This is
done ‘since the only time the current tfinsformer
loops are used is when the generators are paralleled.

2165, Current transfarmers. Two cuprent

transformers are connected to the C phase of each :

generator, and ore to the B phase of each generator.

The current induced within each current transformer

is proportional to the amount of current flowing
within the line monitored. The current transformers
are connected in a loop and phased so their outputs
are opposing. The output of the loop is them
proportional to the difference in the amount of
current produced by each generator. The six current
transformers make up three loops, one for reactive
biasing, one lor real load division, and one for the
operation of the difference current relay and the
open phase relay.  As -stated previously, all threc
foups of the current transformers are shorted by the
loop shorting rclay whenever the tie contactor is
deenergized. ¢

- -
N -
C

»

- “through the normall?“bpcn contacts of the APR. As
the APR pulses, the tie contactor attempts to pulse

N




mme  SpeCd drive is a mechanical-hydraulic device.

The constant
By
controlled differential action, it adds to or subtracts
from (he varable input speed of the arcraft engine
in order to maintain a constant output speed., The
three most important units in the constant speed
drive for the electrical specialist are the basic
governor. the limit governor, and the underspeed
switch, i

21-67. To provide for load division, the basic
governor is provided with a magnetic trim solenoid.
The frequency and Joad control box furnishes a
corrective signal to the trim head to maintain a
correct real ]oad&d]’vision when the generators are
operated in parallel.

2168, The limit governor provides two
functions. It controls the actuation of the
underspeed switch and actuates the trip valve, As
the engines are started and the inc;'casing output
speed becomes equivalent to 375 Hz, the limit
govemor ports oil pressure to the underspeed switch.
After engine shutdown the opposite action
occurs—the governor drains oil from the underspeed
switch and actuates the trip valve. The action of
the trip valve drains oil from the control cylinder,
reducing the drive output speed to minimum. Once
the drive is placed in this underspeed condition, the
engine must be stopped to allow pressure to be
removed from the trip valve, returning the drive to
normal. The underspeed switch prevents the
gererators from being connected to the aircraft bus
until the generator frequency has built up to
approximately 375 Hz.

21-69. Now that we have discussed the major
units of the generator system, we will describe the
operational sequence of the system during normal
generator buildup and operation.

21-70. Normal System Buildup. Referring to
foldout 13, we will start the left enginc before the
right engine. As the left generator builds up speed,
the PMG output builds up and is applied to the PMG
transformer rectifier. The output of the transformer
rectifier is used for generator excitation as a dc
control voltage for operation of system relays and
contactors. It is also used as a power supply for
the semiconductor circuits in the VR/SP. When the
GCS is closed. the control voltage is applied to the
USS. and through CR2S, to the main dc control bus
in the ac power control box. The USS will close
when the generator frequency reaches 375 + § Hz.
This action applics the dc control voltage to the GCR
close-coil logie circuit and the GCR-1 contacts. The
logic circuitry &nergizes the GCR close coil, closing
the GCR. The GCR-1 contac‘ts‘ehpply control voltage
to the contactor control relay (CCR) and its logic

D 21466, Constant Speed Drive,
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circuitry. The GCR-2 and GCR-3 contacts apply
excitation voltage from the voltage regulator to the
generator field. When the generator output rises
above 107 vac, the left UVS circuit provides a "close"
signal to the CCR logic circuitry. The CCR closes,
locks in through a logic circuit, and energizes the left
line contactor (LLC) through TC-1 contacts. The
LLC locks in through the LLC-1 contacts, and the
left generator powers the left 115-vac bus through
LLC-10 contacts. The relay's LLC9 contacts will
then extinguish the, LH GEN OUT light, but the
remaining warning lights are still illuminated through
TC-7, TC-8, and RLC-9 contacts.

21-71. The main dc control bus voltage is
applied through RLC3 and LLC-2 contacts, the
normally closed side of TCR-2, and the EPC-2
contacts to the TC coil. This closes the TC-10
Contacts, and the left generator also powers the right
115-vac bus. The LH GEN OUT and the BUS TIE
OPEN lights now being extinguished indicate that the
left generator is operating normally, powering both
the left and right buses.

21-72.  As the right engine is brought up to
speed, the right generator system builds up in the
same manner as the left system, up to the time the
CCR closes. The CCR cannot energize the right line
contactor (RLC) because the TC-2 contacts are now
open. The TC must be deenergized to allow the RLC
to close, as well as to allow the automatic paralleling
circuits in the FLCB to check the generators for
proper frequency and phase relationship prior to
paralleling.

21-73.  When the right CCR closes, contacts
TC-4 and RLC4 energize TCR-2. TCR-2 locks in
through its normally open contacts, and its normally
closed contacts deenergize the TC. The TC-10
contacts open and remove the right bus from the left
generator. At the same time the TC-4 contacts open
and reset, TCR-2 and the TC-2 contacts close and
energize the RLC. The RLC locks in through the
RLC-1 contacts. RLC-9 contacts open and extinguish
the RH GEN OUT light. Also, contacts RLC-10 close

and connect the right generator to the right 115-vac

bus.

21-74. The LH GEN OUT and the RH GEN
OUT warning lights are now extinguished. This
indicates that both generating systems are functioning
properly and are supplying their respective buses. The
BUS TIE OPEN light is illuminated by contacts TC-8,
and indicates that the generators are not yet in
paralle].  When conditions are right for paralleling,
the APR: closes the TC. Voltages from the main dc
control bus are applied through the LLC-7 and RLC-7
contacts, the normally closed contacts of TCR-1, the
APR contacts, the normally closed side of TCR-2,

o
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and the external power contactor-2 (EPG-2) contacts
to the TC coil. The loop shorting relay is also
energized through the LLC-8 and RLC-8 contacts.
This removes the short from the current transformers,
allowing the sensing of .reactive current and
unbalanced current. Contact TC-8 will open and the
BUS TIE OPEN light will be extinguished. All thfee
warning lights are noxg extinguished, indicating that
the generating systems are operating normally and in
parallel. )
21-75. This concludes our discussion of the
generating system and its componcnts.  As an
electrical specialist, | am <ertain that you are aware
of the importance of the exiernal power sysiem. Not

“only do we use this sytem to perform operational

checks on electrical und electronic equipment, but
other maintenance acflvifies rmust wiso depend upon
it. In the next section we will discuss the external

- power and battery power distribution system.

22. Power Distribution System

22-1. The power distribution system consists
basically of the left and right 115-vac, 3-phase buses
and low-voltage ac and dc bus systems. Refer to
foldout 14 during this discussion. Power from the
left generator is conrected to the left 3-phase,
200/115-volt system through the left line contactor.

Power from the right generator is connected to the

right 3-phase, 200/115-volt system through the right
line contactor. Under normal operating conditions,
the left and right 3-phase, 200/115-volt systems are
paralleled through the tie contacts. The
autotransformer supplies I4/2§-volt ac power to the
left 14/28-volt buses and 28-volt power to the right
and left instrument 28-vac buses. This enables the
cockpit warning {jghts to be switched from 28 vac
for day operatiun to 14 vac for night operation of
the warning light system.

22-2. External 200/115-volt, 400-Hz, 3-phase
power is used for ground aperation. The system we
ate about to discuss makes use of an external power
transformer rectifier for converting one phase of the
external power source to dc for cnergizing the
external power contuactor which connects external
power to the aircraft buses. Let's discuss this system
in more detail with the help of foldout 14.

22-3. External Power. The aircraft external
power control circuit inciudes the generator control
switches, external power contactor (EPC). external
power transformer rectifiers, external power
receptacle, and instrument ground power switch. On
foldout 14, you can see that A phase of the external
power is connected direcly to the external power
transformer rectifier. The 28-vdc output of the
transformer rectifier is applied to the EPC solenoid.

N\

When the EPC contactor energizes. the external
3-phase, |15-vac power is applied to the left 113-volt,
3-phase bus. The left 3-phase bus then energizes the
left T/R, and its 28-vdc output energizes the tie
contactor solenoid through a set ol normally open
EPC contacts. As you can see, the energizing of the
contactor applies external power to the right
115-volt, 3-phase bus. Actuating the instrument
ground power switch will apply power to the
instrument 115-volt, 3-phase bus through the external
power switching relay and the jpstrument bus lock-in
relay. Also contained in the system are 28- and
l4volt ac buses which supply the aircraft's
low-voltage requirements. Looking at the diagram
you will notice that each ac bus is powered
independently from an autotransiommer. Each
autotransformer is protected from overloads by a
circuit breaker. The rest of the power distribution
system will be discussed with the battery power
system.

224. Battery Power System. Batteries are by

_far the most misunderstood components in the
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aircraft electrical systems, yet therc is no other single
piece of electrical equipment more important.
Aircraft have been lost because a battery had not
been properly maintained, and thus faied to provide
the mecessary emergency power to operate essential
flight equipment during an emergency.

22-5.  The servicing, charging, repairing, and
testing of the bdttery as well as troubleshooting its
control system are some of your responsibilities. The
knowledge requirements for you to perform these
tasks are preSented ir this section. Because the
battery and the battery power system are so
important, let's start our discussion “with a review of
the nickel-cadmrium battery.

22-6. Aickel-Cadmium battery. The plates of
a nickel-cadinium battcry are made of a powder
sintered to a nickel wire screen. The active materials,
nickel oxide on the positive plaute and metallic
cadmium on the negative plate, are electrically
bonded to the basic plate structure. The electrolyte
used in the nickel-cadmium battery is a 30-percent
(by weight) solution of potassium hydroxide in
distilled water. f{t provides a conducting path for
the current which flows between the positive and
negative plates. The electrolyte does not take part
in the chemical reaction as does the sulphuric acid
in lead-acid storage batteries. The specific gravity
of the electrolyte is_the same whether the battery
is charged or dxsuharged

227. A cell is the fundamental unit of a
battery. The cell consists of the positive and negative
plate structures, separators, and electrolyte and
container. The positive and negative plates, which
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arc asscmbled as a cell core, are separated from each the specific gravity is the same whether the bat- é 3

other by two layers of nylon cloth and one layer
of cellophane. The plate structure is housed in a
cell case of molded nylon. The nominal open-circuit
cell voltage is 1.30 volts. This voltage varies with
the rate and state of charge. Generally, the higher
the current drawn from the battery and the lower
the state of charge, the lower will be the cell voltage.
Nickel-cadmium batteries for 24-volt systems consist
of 19 indwidual cells connected in series.

22-8. Nickel-cadmium  batterics have scveral

major advantages’ over the other commonly used

storage bultteries. as follows: (1) delcted. (2)
they muintain a relatively steady voltage when
betng discharged at high currents; (3) they are
not permancntly damaged if ovcrcharged. over-
discharged. or charged in the wrong direction; (4)
they cun stand idle in any state of charge for an
indefinite timec; (5) they retain their charge if
stored in u charged condition for prolonged per-
iods of time; (6) they are not damaged by freez-
ing: (7) they are not subject to fuilure by vibra-
tion or severe joltimg; (8) they do not normally
cxude corrosive fumes; (9) they are composed
of individually replaceable cells.

22-9. These batleries are not adversely affected
by extremely low temperatures. The lower the
temperature, the better they will retain their charge
when in idle storage or standby service. They do not
have to be removed from the aircraft during cold
weather under nommal operating conditions.
Nickel-cadmium batteries will accept a charge at

‘temperatures as low 3s -65° F. While charging at low

temperatures, a longef period is required to bring the
batteries up o full charge. Generally, the lower the
temperature, the longer will be the charging time.
The voltage on discharge is lower at low temperatures
than at normal temperatures. Voltage decraases with
a decrease in temperature, and with an increase in
discharge rate. The capacity is similarly affected.
However, the batteries need not be operated
intermittently at low temperatures as must other
commonly used battery systems.

22-10. The state of charge of nickel-cadmium
batteries cannot be determined by the battery voltage
or by the specific gravity of the electrolyte. A
reading of approximately 24 volts means that the
batteries may be completely churged or almost
completely discharged. The state of charge cannot
be dectermined by the specific gravity of the
electrolyte, because the electrolyte is not changed by
the chemical reaction which occurs in the batteries;
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teries are charged or discharged.
J
Paragraphs 22-11 and 22-12 deleted.

%

-

22-13.  Battery power circuit. R;??{ 10
foldout 14, you can see that the baty power
system is a very simple circuit con{fstiﬁg of a
nickel-cadmium battery, a 24/28volt dc bus, the
battery relay, and the essential 28-vdc bus. The
purpose of the battery in this system is to provide
electrical power for the engine ignition, four whité
flood lights, and the EGT indicator inverter. The
main source of emergency power for this aircraft
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system comes from the emergency ac generator,
which is ram air turbine driven. Because this system
does incorporate a separate emergency power source,
you can see from the diagram that the battery can
only be connected 1o the essential bus by one of
the following conditions:

- When either engine master switch is in the
ON position.

- Whenever the ground refueling control
switch is in the REFUEL or DEFUEL
position. :

22-14. When cither switch gives the battery

relay a ground, the battery bus will assume a vo_ltageK
of 28 vdc, which is provided by the left and right

p
transformer rectifiers. So far in this discussion no-

mention has been made of some of the associated
systems that operate in conjunction with the battery
power systems and the battery charging syéte}ns.
This omission is intentional because of the wide
differences in_ these systems and because some are
peculiar to on}yvone type of aircraft. For example,
most battery systems provide some means of
monitoring or indicating battery voltage and the
armount of charging power available. Other battery
systems use a variety of warning lights to indicate
whether the battery is charging or discharging, or
whether it has reached the end of its usefulness. In
the next section we will discuss some of the
malfunctions and indications of the systems discussed
so far in this chapter. '

23. System Malfunctions

23-1. Trouble analysis is a test of ingenuity as
well as of knowledge. For this reason, trouble
analysis procedures cannot be considered as ironclad
rules. Experience will increase your knowledge of
various electrical systems, and reveal new checks and
more efficient methods of troubleshooting. By
adopting these new methods, you can devise
shortcuts to eliminate lengthy checks for similar
troubles. ’

23-2.  Although you have a firm background
in electrical fundamentals, this is still not enough to
enable you to do your job with ease. In addition
to the fundamental information you possess, you

must have a thorough  understanding  of
" troubleshooting procedures. " Realistic
hit-or-miss,

troubb:\e‘hooting is not a
remove-and-replace, or trial-and-error process. It is

an orderly sequence of mental and physical actions
ending with the identification and elimination of a
system malfunction.

23-3. As you gain experience you will find that
in most cases.certain troubles are caused only by
certain components in the electrical system, and that

88
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you will be wasting your time if you check items
that have nothing to do with the trouble. For this
reason we can break these malfunctions down into
three main categories: frequency, voltage, and load
division. . Let's start our discussion with the
frequency problems. )

234. Frequency Problems. In almost all cases,
frequency problems consist of cither constant
frequencies which are Migher or lower than normal
system frequency. Since only certain units are used
to control the generator frequency, troubles of this
naturc usually present no great difficulty. For
example, higher or lower than ﬁon_‘mal frequency may
be caused by a defective frequency und load control
box or by the drive governor system. To determine
which unit is malfunctioning, you would have to
remove the connector from the frequency and load
control box. After this is done, operate the engines
and build up the generator with the frequency
problem. If the gererator comes on the line, and
its frequency is within 400 t 4 Hgz, the frequency
and load control box is defective. [t the frequency
is not within these limits, the CSD may be faulty
or out of adjustment. If the frequency varies as the
engine speed is varied, the CSD is dpfective. If,
however, the frequency remains steady gs the engine
speed is varied, but is not within 400 t 4 Hz,
adjustment of the CSD basic governor is necessary.
Before you replace a drive unit, however, it is best
to test the frequency and load control box with the
electrical power test harness as discussed earlier.

23-5. Voltage Problems. Another common
trouble that you will encounter is one in which the
generator or bus waltage is higher or lower than
normal, or thdre is no voltage at all. If the trouble
is a complete loss of voltage from one generator, the
first step is to determine if the CSD is turning the
generator. This can be determined by measuring the

o

e

voltage output of the permanent magnet generator. -

If a good voltage indication is obtained from the
permanent magnet generator (PMG), the CSD and
PMG are operating normally. This leaves only the
voltage regulator or* the generator control relay
circuitry in the VR/SP.

23-6. High- or low-voltage troubles are usually
caused by the VR/SP, the generator, or in some cases,
the generator drive. Some other possible causes of
low output voltage are high resistance in either the
exciter input or output circuit to the generator. Also,
an open in 'the exciter output circuit of a brushless
generator can cause low generator output voltage.
High voltage output is most gencrally vaused by a
defective VR/SP, CSD, or ac generator. Another
cause for excessive generator output is the higher
than nommnal output from the exciter generator. This




can usually be detected by measuring the PMG
outputl. A thorough knowledge of the information
contained on foldout 13 should give a technician
enough information to be able to isolate any
malfunction of the ac power system to one or two
main units.

23-7. Load Division Problems. load division
problems are probably the most difficult and
thought-provoking problems that you will encounter.
These are the types of problems that really test your
knowledge of the electrical power systems and your
ingenuity in troubleshooting.

23-8. Load division problems show gcmselves
in many ways. A generator in parallel operation may
not carry its share of the KW or KVAR load, or it
may try to "hog" the load and carry more than its
shar In some cases you may notice a marked
tendency for generators operating in parallel to swap
the load back and forth between them. In some cases
of extreme load underbalance, one or more of the
bus tie relays may split the buses. For example, an
overexcited generator, in paraill, will tend to car“ry
more than its share of-the reactive load, and the
overexcitation protective device will automatically
take the generator off the line.

23-9. Suppose you have discovered a load
division problem. After testing the frequency and
load control box or the' VR/SP, you find that they
are functioning properly. Obviously the trouble must
be somewhere in the sensing circuits for thej

s

components. You should recall from previoys -

discussions that the load division circuits receive th¢ir
input signals from current transformers located in:
ac power ‘control box. The current transformers are

maintenance has recently been performed onj the
affected system, it is worthwhile to check the cutrent
transformers of the system for proper connection.
Another check you should make is to find out
whether the transformer had been shorted or left
disconnected when the system was operated. If a
current transformer is not shorted when it is
disconnected from an operating system, extremely
high current will flow through the transformer and
change its characteristics.

@1
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CHAPTER 10

ANALYZING CONTROL AND

L]

IF YOU SHOULD accidentally put your hand dg a
hot soldering iron, a certain series of events will
normally occur. First, you should feel some pain
as the extreme heat burns you. Secondly, the normal
reaction is to pull your hand away quickly. Two
specific body systems have been used. The nerves
in your hand act as a warning system telling you the
iron is hot. This causes the second body system,
the brain, to respond, which activates a control
circuit to move your hand away. Whereas the brain
is the control cénter for your body, the pilot is the
control center for the aircraft. Warning circuits feed
information to him so .that he can respond with
corrective action.

2. Asyou know from your experiences, a great
number of manhours are spent maintaining the
aircraft control and warning systems. The systems
are as varied as the aircraft. These systems become
more complicated with each new weapon. In this
chapter we have chosen four areas that seem to cause
most of the trouble. The technique that you have
developed to troubleshoot the systems will apply to ¢
most control and warning circuits. Let us begin with &
the fire warning system.

24, Fire Warmning System

24-1. $ Fire is one of the most dreaded
emergencies that can Happen to an aircraft. The
maintenance of the fire warning system must be of
prime concern to you as a technician. The system's
proper operation must be counted upon. False
indications due to malfunctions cost the Air Force
thousands of dollars per year in missed flights.
Proper maintenance by you and your men, coupled
with your complete understanding of system
operation, can greatly reduce the manhours expended
on this task. Before we start our discussion on
system operation we will review the most common .
systems,

24-2. Types of Systems. There are several basic .

fire warning systems being used on the aircraft in
our inventory. Some of the older planes which were
thought to be heading for obsolescence have been
returned to prime importance due to their supporting
role in Vietnam. We will begin with an earlier system
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used on most aircraft equipped with the R4360
engine, the Edison thermocouple system.

24-3. The Edison thermocouple system. The
Edison thermocouple system is Jesigned to detect
fires that occur in the engine nacelles or around the
auxiliary electrical power plant. Each engine has
three zones or circuits. A circuit consists of a number
of thermocouples located in the power plant nacelle.
Also, a sensitive relay, a test unit and slave relay in
the fire detector relay shield, and a test switch and
indicator light combine to complete the circuit.

24-4. As you should remember, this system
operates on the principle of rate of temperature rise.
The difference in temperature rise between the hot
and cold junctions of the tl};/rﬁocouple can produce
up to 50 millivolts. This millivolt signal activates
the system.

24-5. The photoelectric (fireye) system. Some
aircraft still use this system as the prime fire detector,
while most cargo aircraft use a variation of it in their
cargo compartments. This system consists of a
number of photoelectric detectors, a power unit, two
signal Jamps, a relay, and a rotary test switch located
on the fire emergency panel. .

24-6. The operation of the photoelectric system
depends upon the varying radiation of the flame. As
the rediation varies, the resistance of the detector
varies. This establishes an output of pulsating dc.
If the output signal is in a given frequency range,
the signal lamp will light, providing the pilot with
a visual indication of a fire. Because the system is
frequency sensitive. light sources such as the sun will
normally not trigger it.

24-7. The Fenwall fire and overheat detector
system.  The Fenwall system is used on both
reciprocating and on some older jet engines. It
consists of a series of adjustable thermal switches.
an indicator light, and a test switch. The thermal
switches or detectors may be set for various
predetermined temperatures. This system normally
gives an indication of a fire or overheat condition
when the temperature setting of a® detector s
exceeded.

24-8.  Fire detection cable assemblies. This
system 1 most commonly teferred to as the

:\I
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continuous cable systém.. It is used ongmost aircraft

that are familr 10 you. \‘Bt:cags'e this system is most
commonly used. we will discuss it .in depth. An
electrical schematic of a continuous cable circuit is
shown in figure. 78. The fire detection cable system
consists of a fire detection cable assembly. a fire
detection control assembly. a fire pull switch, a red
warning lamp. a fire detection test switch, arid a fire
detection test relay. The sensing cable assembly
consists of as many series connected sensing elements
as necessary for the installation. The cable assembly
1s routed through the engine nacelle and around the
enginc in the paths where fire is most likely to occur.

24-9. The sensing elements in the cable
assembly usually consist of two inconel wires that
are zncased in a temperature-sensitive ceramic
material.  This material is encased in an inconel
sineld. wlich 1s a” good conductor. The ceramic
between the wires acts as a dielectric and insulates
them from each other under normal temperatures.
One lead is connected to a power source, and the
other is grounded through the shield.

24-10. Continuous Cable Sysrem Operation.
When heated, the ceramic decreases in resistance until
current flows between the wires. This current flow
provides a signal to the fire detection control unit
which operates to turn on the red light. The system

which you are presently responsible for may vary.’

For gxample. some sensing elements have just a single
condbictor running through the center of the element
and use the shield as the second conductor. There
are actually two different types of continuous cable
fire warning systems. One uses a transistorized
detection control circuit, while the other uses a
magnetic amplifier. We shall restrict our discussion
to the transistorized system. The entire circuit for
this sysiem can be divided into four basic circuits
as follows:
Power supply circuit.

. Sensing circuit.

. Amplifier circuit.

- Warning circuit.
Each circuit will be discussed in the above sequence
with respecl to normal conditions. Following this
1s a discussion relating to the complete operation of
the system.

24-11. Power supply circuit. Dc power for the
detection control circuit is supplied by the aircraft
er system through a voltage regulator circuit

containing transistor Q3, resistors R10 and R12, and
diode CR2. A 28-volt dc potential is applied to the
normally open set of contacts of relay K1 and the
collector of transistor Q3. The regulated output from
this transistor, which is connected as a common
collectyr amphtier, is used to bias transistors Q1 and
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Q2 in:the amplifier circuit. .

24-12. The sensing circuit. The sensing circuit
contains the sensing element, resistors R1, R2, and
R3, diode CRI, and capacitor C1. Normally, the
impedance of the sensing element is large (equivalent
approximately to an open circuit). It will affect the
network only if it is heated. It has a negative
temperature coefficient of resistance. This means
that if the temperature should increase, its resistance
will decrease. .

24-13.  During normal operation, a constant
potential is applied to the circuit from the voltage
regulator. Because all componentsin the circuit have
constant values (here' we assume the impedance’of
the sensing element to be equivalent to an open
circuit) current flow through the emitter-base
junction of transistor Q1 and resistor R1, R2, and
R3 establishes a maximum positive potential at the
base of transistor Ql. Therefore, the emitter-base
junction of transistor QI, in the amplifier circuit, is
forward-biased at a maximum value, and diode CR1
is reversed-biased.

24-14.  The amplifier circuit. The amplifier
circuit is a two-stage amplifier composed of
trans'stors Q1 and Q2, the coil of relay K1, and
various resistors. Both transistors are connected as
common emitter amplifiers and are directly coupled
together. Furthermore, the coil of relay K1 (in series
with the collector of transistor Q2) is deenergized
when transistor Q2 is cut off. It has already been
shown that the emitter-base junction of transistor Q1
normally has a maximum forward bias. However,
since this is a common emitter amplifier, its output
voltage will be at a minimum positive value. This
voltage, when applied to the base of transistor Q2,
reverse-biases its emitter-base junction, which cuts off
transistor Q2.  Therefore, relay K1 is normally
deenergized.

24-15. The warning circuit. The normally open
contacts of relay K1 and the fire warning light make
up the warning circuit. Under normal flight
conditions, the relay, is deenergized, which opens the
circuit to the fire warning light. It is obvious that
the light should/illuminate only if a fire occurs.

24-16. Circuit operation. 1t has already been
established 7hat under normal conditions, if the
impedand® of the sensing element is equivalent to an
open circuit, the potential applied to the base of
transistor Q1 is at its maximum positive value. This
causes its output voltage 1o be at a minimum value,
which is applied to the base of transistor Q2, cuttin
it off. Therefore, transistor Q2 does not conduct,
relay K1 is deenergized, and the warning light is out.

24-17. When a fire occurs, the impedance of
the sensing element decreases. This additional path

Rt




ERIC

Aruitoxt provided by Eic:

for ‘current flow is from the junction of resistors Rl
and R2, diode CRI, and capacitor CI through the
sensing element. Therefore, the voltage at this point
decreases as the impedance of the sensing clement
decreases, decreasing the reverse bias of diode CRI.
At a certain temperature (and therefore impedance)
of the sensing element, diode CR! becomes
forward-biased. When this occurs, the voltage at the
base of transistor Q1 is reduced, thereby increasing
its output voltage. This forward-biases transistor Q2
enough to energize relay K1 and complete the circuit
for the fire warning light. [f the temperature of the
element decreases, its impedance again increases, and
diode CR1 again becomes reverse-biased. [n this way
the entire circuit reestablishes itself to its normal
condition.

24-18. Maintaining Fire Waming Systems. The
secret of success in maintaining the fire warning
system is preventive maintenance. A direct
relationship  exists between your inspction
procedures and the reliability of the system. The
shop to which you are presently assigned may have
all of the types of systems we have discussed. The
technical data for each assigned aircraft will provide
you with the inspection procedures. You, as a 7-level
technician, must see that the inspections are
performed in accordance with that technical data.

24-19. Inspecting Inspections. One of your
major responsibilities as a lechnician will be
supervisory inspections. These may be thought of

as inspecting inspections. How can your inspections -

keep the fire warning systems operating?  One
menace to good system operation is corrosion. The
rapid temperature changes encountered in the engine
area make it a perfect breeding ground for this

culprit. We as electricians fail sometimes to place

the proper emphasis on corrosion control of the fire
warning system. Good inspections will reveal the
highly corrosive areas, allowing you to take
preventive action. -

24.20. The F-106 is equipped with the
continuous cable system. When the test switch 1s
placed in the TEST position, a ground is provided
for the cable assembly. This operation checks the
cable assembly for continuity. Since each segment
has a specific resistance, the system will not [unction
correctly if any one of the interconnectors has
become corroded. It is not feasible to break each
connection in the system to inspect for corrosion,
nor is it called for in the inspection requirements.
However, because of the high rate of mulfunctions,
a method for checking this item had to be devised.
It was discovered that if the detector control unit
was removed and the test relay closed, a continuity
check coutld be made from the detector unit

Tl o,
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connector plug.  From the tech.ical order ‘the
maximum  total resistance  of  wuch loop  was
determined, With this informution the system could
be checked for corroded connectinns. An increased
total Toop resistance would indicate the need to clean
those connectors i the loop being checked.  This
check greatly reduced the number of problems
encountered in the F-106 system.

24-21.  Another menace (o me fire warning
system is Lhe maintenance personne! that work in the
engine bay area. One of the last 1asoections befcre
the engine s cowled, or in the case of a jet before
the cngine is installed, is a visual and operational
check of the fire warning system. You asa supervisc.
must insurc that the system is corredt before the area
is closed. Many manhours have been expended by
having to repeat work because we Tave luiled to pay
attention to details such as this.

24-22.  We would be at fauit i we did not
discuss the other inspection requuements. Proper
safety wiring, frayed wire, bent or kinked cable
assemblies, bent or broken mounting biackets. and
the condition of the insulators are some of the things
that you should be conccrned about during a periodic
inspcction. A saying from the "Ole Sarge" might
fit here. "Anything worth doing & worth doing
right."  Good inspections can save you many hours
of headaches in the firc warning system. Another
system that is involved 1n warnihg the pilot that
unsafe conditions exist is the master caution systém.
This system is our next topic for discussion.

'

25 Master Caution Circuits

25.1. Most of today's modern aircraft are
cquipped with a master caution and warning light
system.  This system is designed to caution the
aircrew that an unsafe or potentially unsafe condition
exists. Once the light is activated, some member of
the aircrew must reset it to cause 1t 0 go out. This
is to insure that there is an awareness of the warning.

25.2. There are several types of master caution
and warsing systems i use today. Tlus discussion
will e limied 1o solid state crrewatry. However,
many of twe coroepts used e smlar 1o older
systems.  As you study the master caution and
warning circuits, compare them with the one used
on your arreraft and notice their similarities.

25-3. Svstem Characterisues.  The entire
system is prunarily contajned 0 two separate units,
namely, the main caution light.pane! and the master
control light assembly. This system is composed of
the individual caution lights, the master caution light,
a shutter. and the electronic circuitry required tor
its operation. This circutlry can be divided into three
separate cireuits as {ollows:
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The individual caution hght circunt.
. - The master caution light cireuit.
A4 0 ¢ The reset greuit. ,

For our analvsis ol the operanional characteristics of
Hie master caunon system, refer to figure 79. You
should be famihar with the electronic symbols used
trom our review 1n Chapter 9. Let's begin with the
mdividual caution light circuit.

. 2544 The Individual Caution Light Circuit. The
ndividual caution Light circuit 15 located in the main
caution light panel. This circuit mcludes diodes CR1,
CR2. CR3. CR4. the caution light module. and a
bright-diin switch  When a 28-volt de signal is applied
to the fault input cr test inpul. a cireult 1s completed
through the indwidual hght module. If the ground
15 available through the bright-dim switch, the lights
will be bright. I not. the circuit will be completed
through Zener diode CRI, cuusing the lights to be
dim. The application of this fault signal also applies
4 positive voltage through diode CRS to the master
caubion anput cucuil.  This allows the operation of
the master caution light if silicon controlied rectifier
SCRT 1n the rewet circuit is not conducting.

25-5. Masicr Caution Light Circuit. The master
cauton hght cuncuit is made up of two lights, a
shutter cotl, transistor Q1. unijunction transistor Q2,
silicon controlled rectifier SCR2. diodes CRS and
CRO. capacitor C2. and resistors R4 through RI10.
The application of 28-vdc to this circuit provides the
power 1o dluminate the lights, operate the shutter,
and bias the circuil. When a positive voltage i§ applied
to the master caution input circuit, the master
caution hghts illuminate and the shutter opens after
a time delay. If this input signal 1s reduced, the lights
go out and the shutter closes. -

25-6.  Under normal conditions (no aircraft
malfunctions). trunsistor Q1 1s biased at cutoff. The
enutler 1s at u positive potential established by a
voltage dividing network consisting of resistor R10
and diode CRG. However, the base is at ground
potential becausc no input signal exists.  This
reverse-biases the cmitter-base junction of fransistor
Q! Since tranustor QI cannot be conducting, the
master caution heht s out and the shutler is closed.

.. 25-7. Where a system fault occurs, a positive
potc?]h;ﬂ 1s apphed to the junction of -esistors R4
and RS ™ A vollage 1s 2hen simultaneously  applied
lo hase | and hase 2, as well as to the emitter of
ununction transistor Q2. However, these positive
potentials are not necessarily the same or constant.

25-8  With the initial application of a fault
signal. the emutter of Q2 is near ground potential,
because capacitor C2 charges through resistor R4. Al
the same Instant the polentials at base 1 und base

2 are at different positive values. These potentials
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are determined by a voltage dividing network

consisting of resistors R5, RG, R7, and the N-section

of Q2. This reverse-biases Q2 upon the initial
application of u fault signal. Therefore, transistor

Q! remains cut off because the potential at its base °
has not changed. ‘

25-9.  As the time interval increases from the
initial application of a fault signal, the potential at
the emitter of Q2 increases with time. At some
instant during the charging cycle of €2, the emitter
of Q2 becomes positive with respect to gradient
voltage directly across from its emitter. When this
occurs, Q2 becomes forward-biased and conducts.
This creates enough positive potential at the gate of
SCR2 for it to conduct. This results in the
application of a positive potential to the base of
transistor Q]  with respect to  its emitter,
forward-biasing its emitter-base junction. Transistor
Q! conducts, allowing the master caution lamps to
lluminate. and the shutter to open.

25-10. The lamps continue to glow and the
shutter remains open as long as SCR2 is conducting.
Furthermore, SCR2 conducts as long as a high
enough input voltage is applied to the master caution
input circuit. To turn off the light and close the
shutter, the input voltage need only be reduced in
magnitude. This can be achieved by either one of
two methods. One, obviously would be the remeval
of the initial fault condition. The other is done by
pressing the master caution light cover. This operates
a reset switch which activates the reset circuit.

25-11. The Reset Circuit. The reset circuit is
made up of one reset switch, resistors R2 and R3,
capacitor Cl, and a tripping device, SCR1, The
circuit affords a method of turning off the master
caution light and closing the shutter after the
condition is noticed.

25-12.  Depressing the cover of the raster
caution light assembly activates the reset switch. This
applies a positive 28-volt dc potential to one side of
resistor R3. The potential on the other side, at the
gate of SCRI, is initially zero, because capacitor C1
must charge through resistor R3. As this voltage
increases exponentially with time, the voltage to the
gate of SCRI also increases. When the gate voltage
reaches the firing potential for SCRI, it conducts and
reduces the potential at the junction of resistor R1 (o
and diode CRS5. Because this reduced voltage is
coupled to the master caution input circuit, the
magnitude of ‘the master caution input voltage is
reduced.

25-13.  This reduction in the master caution
input voltage reduces the voltage at the cathode of
SCR2. turning it off. The voltage at the base of Q‘l
1s also reduced, which again reverse-biases its
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emitter-base junction. This cuts off, transistor QI.
which tumns off the master caution light and closes
the shutter. Unijunction transistor Q2 is also cut
off, because the voltage at its base gand base 2 is
reduced to a level sufficient to \reverse-bias its
junction. We should note here that the master
caution light cannot be relit from the original fault
condition if it is uninterrupted. However, if a fault
should occur in another system, the master caution
light would then come on. Also, you should notice
that the individual caution light isin no way affected
by the operation of the master caution light circuit.
This light will remain on until the fault is corrected.
One of the many systems that have inputs to the
master caution system is the fuel warning circuits.
The pilot must have constant control over his Tuel
supply. The next system which we shall d1scuss is
the fuel system and its circuitry.

.26. Fuel System Circuits

26-1. Many of the troubles you have
encountered on the aircraft have been in the fuel
system circuits. If you are like most clectricians,
several long nights have been spent troubleshooting
this system. Most of this time could have been saved
if more had been known about the operation of this
system. ’

26-2. Until recently, the responsibility for fuel
system maintenance belonged to several career fields.
Although we now have fuel system specialists, you
as an electrician must be able to troubleshoot the
circuitry. This requires a solid understanding of
system operation. You must also be able to train
your men in system troubleshdpting. This again
requires you to know how the complete system
operates. In this section we will discuss {uel system
operation and circuitry. The system we have selected
to discuss is a typical system found on fighter
aircraft. You may work on another type system,
but you should find the operating characteristics and
basic circuitry of this system much like your own.
We will break our discussion into several specific
z{reas, such as:

- Engine fuel supply.
- Fuselage fuel supply.
External fuel supply.
- Air refueling system.
A good place to begin our discussion is with the
engine fuel supply.

26-3. Engine Fuel Supply. The engine fuel
supply system is defined as that portion of the fuel
system, which maintains a continuous supply of fuel
to the engines during all attitudes of flight. This
is done by two ac motor-driven, centrifugal-type
boost pumps. They are located in the bottom of
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the number 1 -tuel cell. « These pumps supply fuel
®nder pressure directly to the engines. Provision is
also made for a gravity fuel system in case of a
double-pump faidure. The gravity rate of fuel flow
is. enough to keeg the engine running .at reduced

Lo «

Ppower scttings.

26-4. Both boost pumps fecd into a common
mahitold which separates to direct fuel to each
engine. . A metor-driven shutoff valve and a flapper
check valve are located in each ot these engine
manifold lines. Also, located in the lines are the right
and left fuel hydraullc radmxtors and boost pump
pressure transmitters. )

" 26-5. Fuel is pumped from the number 1 fuel
cell by the two submerged double-endcd boost pumps
mounted in the bottom of the cell. Each pump is
driven by a 145/208-volt, 3-phase, 400-Hz ac motor.

‘Both boost pur:ps operate continuously during

normal flight conditions or when cxternal power is

applied and etther of the following conditions exist’ -

When either cngine master switch is
placed in the ON position.

- When the ground tueling Switch is
plac)::d in either the REFUEL or
DEFUEL position witin both engine
master switches off.

- When either boost pump chedk switch
is placed in the CHECK position.

26-6. “The engine fuel shutoff valves, located

in each manifold, open when the c¢ngine master .
.. switch

is placed in the ON position, and the
corresponding engine throttle is advanced to the
[DLE position. This allows fuel to flow to the
engine-driven pumps., The pressure in each’ engine
manifold causes the boost pump pressure transmitter
to send a signal to the boost pump pressure indicator
on the pilot's console,

26-7. The®umber 1 fuel cell that supplies fuel
to the cngine fucl system reccives fuel from the
fuselage fuel supply system. Now thui we know how
fuel is fed to the engine, we need to find out how
we move luel from the other cells. The fuel is'moved
by the fusclage luel supply system.

26-8. Fusclage uel Supply  The tfuselage {uel
supply system (see FO I5) consists ot cells 2 through

7. Cells numbers 4 and 6 each contain an electrically

driven fuel transler pumgp and a hydraulically driven
fuel transfer pump. hese four pumps feed a

‘common mamfold which transfers tuel into cells |

and 2. The flow of fuel 1s controlled by puot valves
and control valves Tocated in cells | and 2. The
pressure switchies tn the system are energized during
the transter pump checks.

26-9. The electnically driven transfer pumps run

continuously whenever power is available and either
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engine masler switch is on, or both cngine master
switches as¢ off, and the ground refueling switch is
i the REFUEL or DEFUEL position. The
hydraulically driven transfer pumps run during the
four specific operations that follow:
Afterburner operation “on either
engine. '
.Alr refuel switch to EXTEND.
Fuel load in cells | and 2 falls below
1800 pounds.
Hydraulic transfer pump check switch
‘in the CHECK position.
As long as electrical power is maintained on the
hydraulic transfer pump control valve by the
hydraulic transfer pump and fuel transfer relay, the
hydraulic system p<rcssure is held off the pump.
When power 15\lq\remov?,d by the hydraulic transfer

pump control relays on the master switches, the

control valve allows hydraulic pressure which causes
the pump to run. AS you can see, il the aircraft
experienced an clectrical power failure, the hydraulic
pumps would transfer the fuel 1o cells 1 and 2.

26-10. You should begin to see the relationship

[ system to system. When you are called upon to
analyze a fuel problem, you must be able to isolate
the specific system having difficulfy. Once you have
made thus determination, your knowledge of specific
system  opecation should lead you to the
malfunctioning component. The next portion of the
fuel system to be discussed is the external fuel
supply. .

* 26-11. External Fuel Supply. The external fuel
system is composed of two 370-gallon external wing
tanks, one 600-gallon external centerline tank, and
the lines and valves necessary to control fuel transfer
from the external tanks to the fuseldge cells. These
tanks and their related components are shown in
foldout 16. External fuel is transferred to fuselage
cells. 1. 3, and 5 when the external transfer switch
(refer to FO 716) is placed in either the CENTER
or OUTBOARD position. When the external transfer

-switch is placed in the OFF position, external fuel
transfer stops. !

26-12.  When the exiernal transfer switcly is
placed in the CENTER position and a centerline tank
is aboard, the system is configured as follows:

a. The refueling shutoff valve and the centerline
shutoff valve are both energized open.

b.  The fuel flow transmitter is energized to
lluminate the CTR EXT FUEL light when the flow
from the eenterhine tank stops.

When the external transfer switch i1s placed in the
OUTBOARD position with either external wing tank
aboard, the system is configured as follows:

a. The external wing tank shutoff valves are

cnergized open.

b. The fuel flow transmitters are energized to
lluminate the L EXT FUEL and R EXT FUEL lights
when fuel from each tank stops. If the external tanks
arc not installed, all pressure regulators, pressure
vacuum relief valves, and fuel shutoff valves are
cnergized closed.  Additionally, the mechanical

disconnects are closed to prevent loss of fuel in the

event a shutoff valve malfunctions.

© 26-13. Fuel is transferred from the external
centerline tank into the aircraft by air pressure. The
pressure is maintained by an aircraft mounted
pressure regulator and vent valve combination. During
refueling, the fuel level in the tank is controlled by

" the tank ‘control valve and pllot valve located in the

tank, All tanks contain a float assembly which
actuates a FULL light in the cockpit. The pressure
regulators and pressure vacuum relief valves that
control the air pressure for the internal wing tanks
are located in the wings. When either external wing
tank quick-disconnect is connected, a circuit from the
external wing tank pressurization relay is completed.
The tanks will pressurize as soon as external electrical
power is applied or if a generator is put on the line.
This engsgizes the pressure vacuum relief valves closed
and efgzlés the pressure regulators.

26-14. The pilot may then transfer fuel from
the external wing tanks by placing the external
transfer switch in the OUTBOARD position. This
opens the two external wing tank shutoff valves.
When the external wing tanks are cmpty, a float
lowers to the bottom of the tank and closes the
control valve. So far we have discussed the systems
that provide fuel for engine operation. We have
looked at those systems while the fuel is being . moved

into the feed cells. There is one important system .

left for us to discuss, the air refueling system.
26-15. The Air Refueling System. The air
refueling system provides a means for transferring
fuel from a tanker aircraft to the fuel cells during
flight. The tanker boom connnects to the fuel system
through a receptacle mounted on- the top of the
fuselage above the number 2 fuel cell. A hydraulic
actuator raises and lowers the receptacle as required.
In addition to the actuator (refer to fig. 80), the
receptacle package incorporates an induction coil, a
nozzie lock limit switch, a nozzle contact limit
switch, a receiver retract limit switch, a receptacle
illuminating light, and a sequencing valve. An air
refuel switch, a boom release switch, a receptacle
downlock timer, a control amplifier, a demagnetizing
relay, and a reset switch are located in the cockpit.
Each controls some: function of the air refueling
system. A green DISENGAGE light and a green

READY light are mounted at eye level in the forward
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cockpit. The receptacle 1s iluminated for night
refueling operations. .

26-16. To prepare the air refueling system fo
air refueling from the tanker, the air refuel switch
is moved to EXTEND (réfer to fig. 80), and the
number 1 solenoid in the nozzle lock sequencing
valve is energized to extend the receptacle. The
receiver retract limit switch is actuated to the
EXTEND position, and the recepgacle illuminating
lights come on. The green REA light comes on
when the receptagle is in the EXTEND position.
Wlhen contact is completed between the tanker and
the receiver, and the boom is seated in the receptacle,
the nozzle contact limit switch is actuated. This
completes the circuit to the coil of the nozzle lock
sequencing relay. When the relay actuates, both
solenoids on the nozzle fock sequencing valve-are
energized. The nozzle locks will move to the é,OCK
position and actuate the nozzle lock limit switch.
This causes the thyratron in the signal amplifier to
fire and actuate relays K1 and K2 in the amplifier.
At the sarne time, it sends a signal to the tanker
through the induction coils in the receptacle and in
the boom, to indicate that the system is ready to
receive fuel.

26-17. When refueling is completed, a

disconnect action can be initiated from either the

receiver aircraft or the tanker. From the. receiver
aircraft, the pilot initiates disconnect action by
depressing the boom release switch on the stick grip.
This causes the thyratron to fire through relays K3
and K4. The DISENGAGE light comes on, the coil
of the nozzle lock sequencing relay becomes
deenergized, and the nozzle locks.are released. At
the same time, the coil of the demagnetizing rélay
is energized. When this relay actuates, a pulse ofs
current passes through the receptaele induction coil.
This signal is picked up by the induction coil on the
boom and shuts off the flow of fuel from the tanker.
When the receiver aircraft has disengaged from the
tanker, the air refuel switch can be moved to
RETRACT. This energizes the receptacle downlock
timer, deenergizes the number | coil, and energizes
the number 2 coil of the nozzle lock sequencing
valve, retracting the receptacle. When the receptacle
retracts fully it opens the receiver retract limit switch,
disengaging the air refueling receiver timer. Afrer a
60-second delay, the air refueling receiver timer

. deengerizes the receptacle manifold selector valve.

With the air refuel switch in RETRACT, a'l power
is removed from the amplifier. All relays in the
amplifier reset, and thie DISENGAGE light goes out.
All remaining relays in the system revert (O the
normal in-flight position, and the fuel system is set
up for normal operation.

Y
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26-18. We have discussed- the four major
sections of the aircraft fuel system. You must be
able to analyze malfunctions and quickly isolate the
trouble to one of these systems. Another system
that has given the electrician much trouble is the nose
gear steering system. Next in our discussion of
systems, we shall cover modern trunsistorized nose
geur steering. ®
27. Nose Wheel Steering Circuits

27-1. The need for the pilot to have positive

control of the aircraft during ground operation
created the need for the development of nose gear’

steering systems. As aircraft have become more
sophisticated, so have their systems. The rapidity
of advancement in technology has crecated a situation
where you may have some aircraft with the eadiest
mechanical system aand some with the - latest
transistorized system. For our discussion in this
section, we will use a typical transistorized control
box. as seen in figure 81.

27-2.  Operational Analysis. The nose gear
steering system may be energized when the nose gear
is down and locked and the maig gear struts are
compressed. As the pilot moves the rudder pedals
back amd forth, he varies the output voltage of the
nose gear steering command (input) potentiometer.
This signal is then applied ta a differential amplifier
in the nose gear steering control unit. The output
of the differential amplifier determines which coil
will receive more current in the nose gear steering
servo valve. This valve controls the right or left tum
function of the nose gear steering power unit. Geared
to the power unit is the nose gear steering followup

- potentiometer. The %ollowup output signal is also

applied to the dilferential amplifier. If an érror signal
exists between the output of the followup and
cammand potentiometers, the differential amplifier

produces a differential current to the servo valver—7"}

which directs hyd,raulicyﬂow-to the vane motor in
the power unit. The vane motor turns the wheels
in the desired direction to reduce this error signal.
As outputs of the two potentidqeters become equal,
the error signal is peduced, P the differential
amplifier reduces differential current to stop the

» wheels afthe desired angle of turn.
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27.3. In the event of an open or short circuit
in one of the inputs to the control unit, a failure
detection network detects this €nd removes hydraulic
pressure from the steering system. This network
consists of a dual three-input AND gate which drives
a lockout network consisting of a timing network and
a silicon controlled rectifier (SCR). When a failure
exists, transistors Q1 and/or Q2 will cut fo and start
the timing process which fires the SCR. These
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devices are shown in figure 81. Acuon of the SCR
causes a reluy 1o deenergize, interrupting the ground
path from the solenoid in the nose gear steering
selector valve. When the solenoid in the selector valve
is deenergized, hydraulic pressure is removed from
the steering system. Recycling of the steering switch
resets the SCR and allows normal operation to
resume, providing the cause of the original failure is

‘removed.

274. Right turn theory. When the right rudder
pedal is moved forward to execute 4 right turn, the
command potentiometer wiper arm, mechanically
linked to the rudder pedal, produces an increasing
voltage through pin M into the diffcrential amplifier
(A1). In Al. the voltage is applied through CR7
and CR8 to the base of Q4. Thc emitter of Q4
applies an increasing current to the base of Q3.
Current from the emitter of Q3 passcs through R12,
and off the wiper arm of R14 to the collector of
Q5. QS acts as a current stabilizer. Cufrent from
the emittervor’ QS passes through R17 to the -24-vdc
power supply. Increased current to the base of Q4
and Q3 results in increased conduction (reduced
impedance) in the return path of the right turn coil
in the servo valve. Current from the power supply
to the center tap (neutral) of the servo valve increases

- through the nght turn coil, back into pin L to Al,

and through CR9 and CR11 to the ccllectors of Q4
and Q3. From Q4 and Q3, current [ollows the same
path as current from the wiper arm of the command
potentiometer. The servo valve is now subjected to
a differential current, and directs hydraulic flow to

the yane motor for the purpose of turning the wheels.
As fh%»&hcel turns, the wiper arm of the followup.

potentiometer moves 1o produce an increasing voltage
to pin N, From pin N the voltage is applied to Al,
through CR13 and CRI14, to the base of Q7. The
emitter of Q7 applies an increasing current to the
base of Q6. Current from the emitier of Q6 passes
through R16 and R14. Q7 and Q6 increase
conduction (reduce impedance) in the return path of
the servo valve left turncoil. When voltage from
the followup potentiometer equals voltage from the
commarid potentiometer, the error signal is zero and
current equalizes in the left and right turn coils of
the servo valve. The servo valve with no differential
current holds the wheels at the desired degree of right
fum

27-5. Lcft rum theory. As the left rudder pedal
1s moved forward 1o execute a left turn, the
command pdtentiometer wiper arm produces a
decreasing voltage through pin M, and along the same
path as the increasing right turn voltage. Q4 and
Q3 decrease 1in conduction, which provides higher
impedance 1n ihe servo valve nght turn coil. Current

from the power supply to the center tup of the

. servo valve connector increases through the left

turn coil back to pin J. and through CRI10 and
CRI2 to Q7 and Q6. Current flaws from the
cmitter of Q6 through R16 to R14, and from the
wiper urm of R14 the path for current is the same
as that for a right turn.

27-6. As the whee
follownp potentiomefer

turn, the wiper arm of the
produces a decreasing

/voltage. This voltage’ enters the control unit to Al.
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Q7 and Q6 decreas¢ conduction in the return path
of the servo valve right turn coil. When voltage from
the followup potentiometer equals voltage from the
command potentiometer, the error signal reduces,
and current between the left and right turn coils of
the servo valve equalizes to hold the wheels at the
desired degree of left tyrn.

27-7. Failure deftecrion theory. The failure
detection\ circuit det¥cts a short, open, or
intermittent signal from tRe command potentiometer,
folowup potentiometer, servo valve. Depressing
the nose gear steering switch provides 28 vdc to the
control unit power supply (A2), and through R2 and
R3. Voltage through R2 is applied to J{1 and to
the anode of SCR2. Voltage through R3 isapplied
to the collector of QI of the dual three-input AND
gate network. If signals from the command
potentiometer, followup potentiometer, or servo
valve become shorted or open, negative voltage
through R13 and R15 will be applied to the bases
of QI and Q2. QI and/or Q2 no longer conducts,
thus opening the ground path from R3 of A2,
Voltage now passes from R3 through CR3 to the gate
of SCR2. It fires and provides a short circuit to
ground for voltage applied to the coil of K1. Kl
deenergizes, and the ground path for the selector
valve solenoid opens, causing the solenoid to

deenergize, removing hydraulic pressure from the,

system. Because SCR2 is self-healing, when the cause
for failure is removed, the system may be recycled
and normal operation resumed. This-will complete
our discussio” on the operational characteristics of
the nose gear steering system. Your system may be
characteristically the same. If it is not, many of these
operating principles will apply to your system. We
will also spend some time discussing the major
components in this system.

27-8. Detailed Component Theory. As a
techrician responsible for maintaining the nose gear
steering sy;tem you must become familiar with each
component. Each system varies in its makeup, but
you should be able to make application of these
operating principles to the components in your
system. Let's begin our discussion with the nose gear
switches.

/3
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27-9. Nose gear s:eering swiiches. Df.pvessu%g
the nose gear steering switch applies 28 vdc {o the’
, control unit, through pin C/to the failure detection
circuitty in the power supply (A2). From A2, power
is supplied to energize refuy K1. The now closed
contacts, Aland A2 of relay KU, provxde the ground
path for the selector valve solenoid. “Should any one
of the nose gear steering switches fail to make
contact, the failure detection circuitry locks out the
system.

27-10. Nose  gear stecn'ng mmand
pogentiometer. The command potentlometer is a
silicone-oil-filled device with a nonlinear resistance
characteristic. This potentiometer produces a high
system gain for coarse steering near the outer limils
of noge wheel travel, and a lew system gain tor fine .
steering aroynd the neutral point of nose wheel
travel. The electrical connections to this”
potentiometer are shown in figure 82. A 500-ohm
resistor is placed in series with the wiper for ity
protection.  Beyond the resistance functior¥are
shorting bars (zero resistance) for a finite wiper
position change. This function covers~ 124°, The
remaining portion of the 360" rotation presents an
open circuit to the wiper. The wiper arm of the
command potentiometer is mechanically linked 'to .
the rudder pedal torque tube. When theh'rudder
pedals are in any position other than neutral, the
error signal produced is fed into the djfferential
amplifier of the control unit, and the nose wheel
starts to move in the desired direction. When the .

. nose gear is at neutral, the wiper arm output i~$€;%s\
—approximately 27 vdc. The wiper arm cutput at 70°.
Yight is approximately 42 vdc. At 70°left the output
is approximately 12 vdc. This type command
potentiometer has unusual wiper noise characteristics
which must not be interpreted as’a defectiv: unit.

27-11. - Nose gear steering followup
potentiomerer. The followup potentiometer is a
linear device with the wiper arm connectzd to the
gears inside the hydraulic power unit. The output
of the wiper arm determines the degree in which the
nose wheel will tum. The electrical connections to
this potentiometer are shown in figure 83. The
followup outputtlags but is the same as the output
of the cbmmand potentiometer. Care must be taken
when you check the unit not to interpret the opening
or shorting bars’}mmde this potentiometer 15 a defect
in the unit. S

27-12. Selector valve. The selector vilve 1s a
remotely  controlled.  three-way, two-kosmon
single-soleroid  valve unpl«wed o dicet ufilitv
Jg.ylirahhu system pressuresto the nose gear steering
system. The selector valve should be energized wher
the relay inside the control unit)s energized. because

&
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she ground path tor thegrctor valve 1 through the
energized -confac's offthe con:rol relas.

27-i3. Servovalve. The servo valve 's composed
of a sliding piston. seceiver pipes. feedback spring,
and a flexible pipe which s connzcted to two
solénoids.  When the leit or right tum transistor,
located in the control unit, starts to conduct. the
ground for gne of the solenoids is cpmpleted and
the solenoig\ is energized.  As the solenod is
energized, the fiexible plpe 1s directed to one of the
recéiver pipes at one end of the sliding piston.
F{yﬁ}:xu[ic fluid flows through to on. end of the
piston. The hydiaulic pressure shifts the piston and
opens a port to ihe hydraulic motor wiiuch turns the
wheel. The pision will remain in thi. posttion as
long as the ground path through the _ontrol unut is
raade. When the ground 1s opened, the solenoid will
deenergize. and hydraulic pressure wiil repositicn the
piston to a neutral or normal positio: © When the
piston shifts back to normal, hydrauli pre'ssure is
erOVCd from tne hydrauiic motor. stoppm0 the nose
wheel. v

27-14. A power supply  To .onclude vur
discussion of the nose wiwcel stecring system. we will
discuss briefly thie power supplied o the system.
This systemn is shown in_the lower left ude ot figure
81. Single-phasc. 115 vac 1s applied through pin Y
to transformer TI. Tl provides two outouts of 100

~vac. each with respect to the center tap. These

voltages aré used to develop three resistor-zapacitor
power supplies. Dicdes, CRo and CRX rectify the
in-phase portion of the Tl outpur to produce
full-wave rectification to feed 41 vgdg to the command
and followup potentiometers and 58 vde to thegeryp
valve. CR7 and CR9 rectify the out-of-phase portion
of the output ol Tl to produce -24 vic to bias the
failure detection circuitry. o

28. Logical Troubleshooting

28-1. Today we live in an age of automation.:
Complex sysrems of all kinds are automated. even
to the point of automnatic checkouts, self-checking
procedures. and self-repair cupability.  Complex
systems still fail in spite ot all the seif-troubleshooting
capabilitics built into them, and mn spite ot the flow
charts and troubleshooting "cookbooks” prepared for
the technician. Someone must Hix e system. and
get the "bird” buck into the arr. Who s tlus person,
and how does h: do the job”

2%.2.  The man wito will be culled upon to
perform thesg, Jn'f]icuh nonro'itine  jobhs is the
troubleshootime Apert He does not r2ly on mage
OF guessing to aut Hw .ystc.m operating again: he relies
on logial systematic troubleshooting techiniques. The
expert knows there are the fotlowing four parts n

5“»
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< treubleshooting

>

Q

Knowing in detail how the sysiem

works.

Knowing how 1o use the test

equipment.

Lsing technical orders and
«  mantenance manuals eflectively. )

Logically analyzing the

troubleshooting information he

obramns  from the aliunctioning

system,

Al four parts Disted are necessary. but the first three
have been well covered 1n this CDC as well as in your
previvus trammng. In this section we will concentrate
on the part.  the logical analysis  of the
mformanon the troubleshooter has available. The
ceneral nnncples and techniques to be discussed
4pply te moest troubleshooting situations.

28-3. Troubleshooting Principles.  As we have
discussed \throughout this chapter, having specific
expericncef with cach system is one way of beconying
a good trpublechooter. When you find a maw/who
has worfed on a specific aircraft Tor any length of
e you can say he is a good troubleshooter. But
should he be fransferred, will—he still be a4 good
troubleshooter Learning how use sound
troubleshooting principles will help yomnpmve your
technique and possibly ‘'make you an expert.
Troubleshooting  pripeiples came from  years of
practical experience and many research studies.
These_principles are not startling. new. or different.
Thef ecmphasize practcality, efficiency in checking,
and \maximum ase of snformation.  Systematic
applicanon  of 4hese. purciples  will lead the
troubleshooter 10 suceess when using o reasonable
Ask yourself these two questions
an cack step on cheek in the troybleshooting process:

Where to check™

Wiat type of check to make?
The troubleshooting principles will help you answer
these questions.

2&-4. Ininal brackering. The first question you

last

mnaber of checks

have to answer 1~ "where to check?” This question

can be answered by a logical scquence of general
steps.  You first determine the broad limits that
encompass thie location of the defects or difficulties.
This 15 called the area of uncertainty. It should be
inclosed with bhrackets. either physically on the
diagram or mentally as you analyze. For instance.
if you have a work order on the fire warning system.
it most ltkely wili read "Fire warming light came on
after 10 minutes of Might." At this point it could
he anvtiing i the system. mcluding normal
operation. The enfire system 1s now the arca of
uncertainty . Now you must narrow the limits so that

RIC
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the area of uncertainty becomes smaller, and until
the specific defects are pinpointed. You do this by
making appropriate tests or checks. This is a
repetitive process. After you have established each
pair of brackets, you should make a check somewhere
between the brackets, interpret this check, and
reposition your brackets. Repeat this until you have
the trouble isolated to just one component. Where
do we begin? Let us Jook at the symptoms.

28-5. Symprom-pattern recognition. 1f we look
carefully, we will find the symptoms indicating a
malfunction. Look at all the indicators available,
such as the voltmeters. ammeters, frequency meters,
and indicating lights. Answer the following
questions. Is the voltage correct? Is the current high
or low? What warning lamps are on? From this
infprmation you should be able to determine the
symptoms. In the case of a fire warning writeup,
you nced to check the system's present condition.
Did the warning light remain on? Is there any
evidence of fire in the engine arca? Assuming there
was no firé, and-the warning light R still on, where
do we go from here? You are right! You must check
the diagram to find the abnormal circuits that could
turn the light on. - Ypu should concentrate on the
warning light part of the circuit. From this you can
determine what 1may or may not cause the light to
come on. Check those circuits that could cause this
symptom. The problenr is obviously not in these
circuits that have no control over the light.

28-6. FEstablishing the brackets. Remember, the
area in which the trouble could be located is called
the area of uncertainty. because this is the area in
which the status of rthe cirenitry is uncertain. As
you look at the diagram(see fig. 78). you must

K3
f/dctcrmmc thie boundary of this area. 1 the fire pull
$

44
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witch is ‘good, that is, not shorted, there are three
parts of the circuit that could tum the light on;
namely, the cable assembly, the control assembly,
and the test relay. Your brackets should includ
these circuits.  Remember, the abnormal circuit is
the portion of circuitry which is affected by the
troubles in the system. It may coincide with the
area of uncertainty, but only for initial bracketing.
You can obtain at least two benefits by using
brackets. First, determining the area of uncertainty
makes it casier to avoid pointless checks. And
secondly, the brackets help you to pick the best
check from among the possible good checks. We are
all guilty of pointless checks. An irrelevant check is
one that wenught  make outside of the trouble
brackets. A checllike this adds no new information,
and the trouble "brackets remain the' same. A
redundant check is a check made within the trouble
brackets which adds no new information and<¥hich

s~
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brings us no closer to finding the trouble. A mutfnniction”  R3 s opei. ¥ou ca rendily see the
prematqre check is also tu be avoided. We may end advantages 1o logical stco-avesep troutleshoeotiy o, b
up changing parts, and still hdve troubles 1n the When you ransier vou will <tilf be an cxpu.l '
system. As we make each move, we should stop and troubleshoot. r. The tir Foree spends rillions ot
think about what the information from the check dollars in pumhouis and for parts-collars et seeu
tells us concerning the size of the trouble brackets. < not be spent if you and vour peopl: become expert
Where are our trouble brackets now? We must plan troubleshooters. ' r
our checks to include new information within the 3
new brackets. We may have to use all-of our previous

e information in order to decide upon the next \

appropriate check. .
28-7. Analysis Application. Let us louk again : -
at the diagram for the fire warning system. Select
a central point, and determine what check we will
make. If we should cheose to check pin I of the
control a:sembly with an olunmeter to see ;7 we have
a ground, that is a good choice. [f we do not find
a ground, we must check both the cable assembly
and the test relay. The brackets have moved. The
problem is most likely in the control assembly. A
voltage check reveals 28 vdc at pin 4 on the control
assemnbly.  This indicates shorted. contacts at relay
a K1. Again, the brackets have moved. To confirm
< our finding, a continuity check of pin 2 to pin 4
ntrol assembly will show that the contacts/a ~
6t .relay K1 are shorted. ’ h

28-8. This has bcen an eusy problenm, but the
principles used apply to any troubleshooting jeb.
You solved the fiffe wurning problem with two )
checks. and make a third ro confirm your findings.
That’s not bad. Let’s sec how you should proceed
in the master caution sysiem. The writeup reads.
“The master caution light will not resct.™ What is
your first step? Good. you must remember to
check the symptoms. Are there any :ndividi ..
_caution lights on? No! Is the master caution light .
bright? Yes! So far, so’ good. What should you do
now? Yes, look at the diagram (refer to tigz. 79).
As we establish our hrackets. we should note .
certzin conditions. First, the 28-vdc input must be
good because the ifights arc oa. Sccondly. this
lcaves only two phths to'be abnormal. the raet
circutt and the master caution inprr creuit. T .
iwo circuits come together in the mu tor caution
input circuit. If you check th voltize input of
’ the reset circuii.to the ;.aster contion inpuf cir-
cult, you can chocs e ehdare resct ot W hen
the resct switch i closcd. the voltagt at our chiees
point should go down It does not. You have
moved our vrackeB. Now you need to checkthe
teset circuit input. When the reset swie. 15 Swosed,
you read 28 vde. Again the brackets Tove moved. '
You now xnow the problem is in the resef trigecr-
ing circuit in the Main Cauton light pancl, A
continuity cheek from the gate of SCRI to the : ‘ ‘ P
resct nput indicates  an open. . What's - the

il
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STUDY REFERENCE GUIDE | g’d
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1. Use this Guide as a Study Aid It emphasizes all important study areas of this volume.

2. Use the Guide as you complete the Volume Review Exercise and for Review after Feedback on the Results.
After each item number on you VRE is a three digit number in parenthesis. That number corresponds to
the Guide Number in this Study Reference Guide which shoWs you where the answer to that VRE item
can be found in the text. When answering the items in your VRE, refer to the areas in the text indicated
by these Guide Numbers.  The VRE results will be sent to you on a postcard which will list the actud
VRE items you missed. Go to your VRE booklet and locate the Guide Number for each item missed. List
these Guide Numbezr.—\éﬂacn go back to your textbook and carefully review the areas covered by these Guide
Numbers. Review the entire VRE again before you take the closed-book Course Examination. _
3. Use the Guide for Follow-up after you complete the Course Examination. The CE results will be sent
to you on a postcard, which will indicate "Satisfactory” or "Unsatisfactory” completion. The card will list
Guide Numbers relating to the questions missed. vLocate these numbers in the Guide and draw a line under
the Guide Number, topic, and reference. Review these areas to insure your mastery of the course.
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100 Introduction to the Aircraft Electrical 110 Introduction to Maintenance of Shop Test
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104 Shop Publications, pages 12-17
113 Resistance-, Current-, and
105 Introduction to Supervision and Training in Voltage-Measuring Equipment: Measuring
. a Maintenance Environment; Supervision: Current pages 37-38
General; The New Worker, pages 18-20 _ ' -
114 Resistance-, Current-, and
106 Supervision: Personnel Relations in . Voltage-Measuring Equipment: Measuring
Supervision, pages 20-21 Voltage, pages 3843
107 Supervision: Making Work Assignments; 115 Special Aircraft Power Systems Test
Reviewing the Work:; Improving Work . Equipment, pages 43-44 -
> Methods, pages 21-23 .
- 116 Introduction to Analyzing Complex DC
108 Supervision:  Preparing Personnel Rating j Circuits; Magﬁ\%tic Circuits, pages 45-48
Forms; ATC Graduate Evaluation Program,
pages=23-24 117 Analyzing Conduction, pages 48-50
118 Complex DC Circuits:  Bridge Circuits,
v 109 Training, pages 24-17 pages S0-55
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119

120

121

122

123
124

125
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~

Complex DC Circuits: Mesh Circuits, pages
55-57

Introduction to Reactors in Circuit
Relationships; Reactance and Frequency in
Circuits, pages 58-61 )

Circuit Application of Reactors, pages
61-64 A
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System and Component
Operation, pages 65-69

Power Distribution System, pages 69-71
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131
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134
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CHAPTER 5

Objective:  To be able 1o~ sivze various sitvabions and reselve the selection ad use of the sroper
electronic test equipment. >
x/l'
1. What mdjor factor must he considered belvre selecting amy piece of 1.'.7\1‘[;}9—@@&1)
- . ~—

,'}J
v
\ r}})’
%

Name the three most common devices used to mcastre rost- ineef (10-2

=14

,/

(1]

3. For what purpose do most ohmmelters have a scale multiphication Teature?  (10-7)

{\’“.

4. What type ohmmelev\&xrc:;z‘ nootld T r e Teaedhin scafe?  (10-3)

\

5. -How does the current through the meter movement differ hetween the seies and shunt type
ohmmeter? (10-9) g

P

0. Svhat s meant oy the say.ag g saull ype onunneter Dus o ducet seale’  (10-9)

7. When using an ohmmeter with afow-ohm scale, why 15 1t important o leave it in the low-oim
position’  (10-10)

~

bl

: l{lC“
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8.

9.

10.

14.

How can an ohmmeter be used to check a capacitor? (10-11) “2

»
On a megger, what 1s meant by the term floating pointer? (10-14)

~

\

Whal is the value of output voltage for most meggers? (10-14)

_x W

Is the following statement true or false? One of the outstanding features of the megger is the
independence of the indications with respect to the speed at which the crank is tumed, or the
strength of the permanent magnet. (10-16)

b

When the megger is tested for leakage, you should read with the leads open’ and
with the leads shorted. (10-17)

What measuring instrument is the most accurate for making resistive measurément? (10-20)
What type meter movement is commonly used in the detector circuit of a bridge? (10-21)

<

When is the detector in a bridge at maximum. sensitivity? (10-22)

23 -

o o
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17.

18.

19.

20.

22.

4

Name an elemeniary precaution that you must use whe measuring low resistance with a
bridge. (10-24) ;) I

~

The limitations of a Wheatstone bridge are encountered when
or resistances are measured. (10-25)

Y

What consideration must be given when choosing a shunt for operation of an ammeter? (i0-30)

The ammeter should always be connected so that the meter terminals are ‘n what relationship to the

circuit polarities? (10-33) ° a
) ~S
What unit must be used with a D'arsonval meter movement to measire high voltages? (10-20)

Name three things that can be changed on a voltmeter to increase ils sensitivity. (10-43)

How is the accuracy of a voltmeted generally expressed? (!0-46)

Describe the shunting effect of a voltmeter. (1049)

SN




24.

25.

26.

‘What 1s the primary advantage of the VIVM over ordinary voltmeters? (10-51) ?@

‘Why 1s it important to ground ‘the ac probe immediately after testing an ac circuit that has high dc
28.

29.
30.

31

32

' . . ’ :

:

-~ * |

. . ° . B . ) :

- e o L - ‘

bt

J Fad

<
What is the purpose of the negative S-volt bias on the tube grid in a basic VTVM? (10-53)

O
An ac vacuum tube voltmeter can be calibrated to read , " or
values. (10-57)
o :
e . Co “«

present? (10-59) \ ;
b : ¢
e
[ s I

Operation of the osci]lc?lopc is based upon the and e of a beam of
electrons used for the purpose of producing a visible trace on a fluorescent screen. (10-62)

A :
What two functions are performed by the aquadag coating on. a CRT? (10-63)

v
When the cathode has emitted eleétrons, what starts their movement toward the screen? (10-64)

n

Why should the case be on the oscilloscope before you operate it? (10-70) '

RS

Name the two main hazards involved in handling a CRT? (10-75)

25 ‘ |
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33. What two types of ‘frequencdy meters are suitable for measuring voltage source frequency? (10-77)
34, Whal is the major limitan’o}l of the dynamometer type frequency meter? (10-79!
o
6 35. When using the PSM-20B electrical power test set, the generator outputs are clhiecked for
, and . (11-2)

( 36. What is the purpose of a logic tree? (11-6)

- /o

37. What is the function 5f the electrical power test harness” (11.7)

\

&

WV

[}

. : * ‘. Lys o~
38. What are the major advantages of the electrical power test harness comuvared to the P5MV. OB tester”
(11-9) ‘ ; .

? 39. The electrical power test harness has.a functional checklist for what ;ipplications‘.‘ (11-9)

CHAPTER 6

Objective: To be able to relate facis about and draw conchisicr- abou: the fundamentals invoived in
analyzing complex dc circuits.

I. What is the smallest particle into which « magnet can be divided ard still remain 2 magnet(7 (12.2)

N\ Ly

o~

al

» v 90




rad
~ =4

2. The magnet in question 1 is a basis for what? .(12-2) -

¢ . .
TN ,
- ?

3. How are the molecules in unmagnetﬁed material aligned prior to being mragnetized? (12-3)

~

’
L o

] -t 4
e

L]

4. Given a ferromagnetic substance, how would iyc;h.@prodl?e—a«moderatc]y “S_'tmrig“ma.gnet? (12-4)

v

4

. ' L

5. What 1s meant by magnetostriction? (12?5)
o .

6. What can happen to a generator due to engine heat or a hard jar? (12-6)

e

7.

7

\» ,
Complete the following statement: The level of energy of the electron determines the polarity
of spin. Some electrons have a spin, some a spin.  (12-7)

-
I

8 Why do atoms in ferromagnetic substances tend to bond together? (12-8)

A &

~
9. List four conditions which cause the lifting power of a magnet to vary. (12-9)

™

10 Complete the following statement: The. magnet field leaves the "~ of the
and enters the . (12-10)
}
{ * 27
\
/ qy; :
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: _ P, P, _ “ .
1. What is expressed by the mathematical equation F = L = 7 Also, explain what ' '
ud*
L each part of the equation stands for. (12-11) . )
€ ’ -
. | |
12.- How can the equation F = L, N = 1 dyne be stated? (1212
. ! | cm- A
L4 -
! Pl P, \ .. .
o 13. Using figure 38 of the text and the equation F = —— =, find the dynes for
, ud?
the forces of attraction and repuision of the rorth and south poles. (12-14, 15; Fig. 38) ’ N
] . .

©

14, Complete the following statement: The study of the magnetic amplifier wil! show the
being put to work. (12-16)

15.  What components do you usuaily find in a magnetic amplifier? (12-17)

v . -
~, -

1

16. Complete the following statement: As the , H, is*increased to a
point of , an in H,gives no - in B. (12-19)

17. Draw a diagram of a basic reactor, and label each winding, control, load, and voltage. (12-10; Fig. 40)

AN
W

18. What controls the reactance of a feactor? (12-21) /-

e




23.

24.

25.

26.

/T - :

/
What 'variatioh_.in s magnetic amplifier_circuit permits a magneiic amplifier to bg/used with a
dc load? (12-21) ‘ ' - . : .
v ' )
&
f
Define what is meant by direci current. _(13-‘2. 3) | o o " .
.- Complete the following statement: Direct current is unidirectional, that is, it rpovi in. only one
direction. This directions is always from : . (13-4) : '
W v ' : L *
. In what 'direction is a battery poled if the reference point is on the negath)e terminal of the
battery? (13-5) ' ‘
" ) . ) )
Why does higher applied voltage with the same resistance result in more current? (13-6)
- / .
N\
Why does more resistance with the same applied voltage result in less current?  (13-6)
N : .
- »

State Kirchhoff's first law. (13-7, 8)

v

4

State Kirchhoff's second law. (13-7, 10)

29
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27. Is the following statement concerning Kirchhoff's second law +rue op fulse?  The algebrie

sum. of the applicd volmges cquals zero only il the current flow v fram veeative o posarm N
(13-10, 1) ,

28. In figure 44, if ET equals 26.5 volts, R and R4 equal [0 ohms, and R2 equal 10 ohms,
and Rgq equals 2 ohms, what is the voltage at point 2 i reference fo poni 19 (14-2-57 Fie. 44)

\
|
|

)

-

29 “In figure 45, change the values of the circuit as follows: 3
1 : .
‘1
)

' Er = 20 volts- Ry = 6 ohms
N, K - Ry = 2 ohms Rg4 = 10 ohms
\\ i Ry = 8 ohms Re =4 ohms
by Solve each of the following: -
“ Rl RS
N a. R, = -
: a T Ry * R TR,
O '
- R Ry TRy ' |

- ' Ry Rs

Rl"¢R5+R3

(R, + Ry (R, + Ry

(R * Ry + (R + Ry)




(14-8-10; Figs. 45, 46, 47)

*

30. Defing the term mesh circuit.  (14-11)

31

33. Solve the equations 2x = y and 6x + 2y = 25 for x and y. (1414-18)

(14-19; Fig. 48)

%

- 38,

34,  According to Kirchhoff's law, what is the voltage in figure 48 around ABCDE‘HA and ABCFGHA?
/

Using the following equations, solve for I, 15, and I
‘IOOIR + O.I'll‘ = 10

100Ip + 031y = 50

I+ 1y = Ig

(14-19. 20)

3]

o 1y
“'\ .

What type of equations must be used to solve for current in.mesh circuits? (14-12, 13)

32. How many general methods are there to solve simuitaneous equations? What are they? (14-13)

3




" 36. Why is the current I, negative? (14.21)

37. Using the values for I}, 1. and I in question 35, find E. Ez, Eg, and Et using Ohms law,
(14-22) : '

g | CHAPTER 7

Objective: To be able to relate facts about and draw conclusions from the prncigles involved in the
relationship of reactors in ac circuits.

1. Complete the following statement; Alternating current is an electrical current that continually changes
in __and periodically changes in (15

2. Indicate whether the following statement is true or false: The instanteous.value of a sine wave voltage
is indicated by the letter "e.”" (15.3)

r

3. The maximum value of voltage which can be attained with given circuit conditions is referred to as
. (154)

4. Indicaie whether the following statement is true or faise: The average value as applied to alternating
voltage refers to the positive and negative loop, (15-5)

v
L]

5. Define the word "phase as' related to alternating current, (15-6)




10,

Complete- the following statement: Two alternating currents are said to be "in phase’ when they iﬁ/\
are in .the same direction, and crossmg all _ points at the

“same time. (15.7)

Indicate whether the following statement is true or false: When two altermtmg currcnts are applied
to a resistive circuit, they are alwdys out of phase. (15-7)

4 o . N

. What is the phase rzhhonshxp ‘between voltage and current when ac is applied to .a nonresistive circuit? = _

(15-8)
\

Complete the following statement: If a circuit is not resistive, it is : . (159)

[4

Complete the following statement:  The ‘and the ___ are examples of basic reactors, (lS-iO)
Complete the following statement: In a capacitor, the insulating material is referred to as the . (15-11)

.

C-orﬁplete the following statement: The unit of measure which is equal to one-millionth of one farad is called
a . (1512)

Explain what is meant by the working voltage which is indicated on commercial capacitors, (15-13)

33




14.

15.

16.

17,

19,

20,

21,

- What is the unit of measurement of inductance? (15-16) : : ‘ \

. .

Indicate whether the following statement is true or false: To establisi the tolerance raun, of a -
capacitor, the actual picofarad variation is usually reserved for small capacitors thh a value of
less than 10 plcofarads (15-14)

Complete the following statement: Two pbpular names used to designatc-an inductor are
and o (15-19) o,

E

What is meant by the current rating of an inductor? (13.17)
é
Explain what is meant by inductive reactance. (15-18) .
Why do reactors appear to act differently in ac circuits as oppused to de circuits?  (1S-14)

What is the value of inductor current when the applied voltage is maximum? (15-20) ’

In a capacitor, the phase relationship of voltage and current 15 based upon ti.e appiied voltage. Does
current lead or lag the applied voltage? (15-21)

34 1 i .




2R

25,

, -
i

What must be spgcified in an ac circuit before a reactor can have a set. value of o\;}po:ition? (15-22) qé ,

4

L4
f

Explain the relationship between frequency and capacitive®reactance. (15-23)

s~/
,Ex'pl_am the r:lntionship ‘between frequency and inductive reactance. (15.23)
State the formula required to determine capacitive reactance. (15-24)
Indicate whether the following statement is true or faise; Inductive reactance hw_invemly‘propor'tioml
1o frequency. (15-25) ; ' ;

; .

When 1s a circuit cqm‘aihing both capacitive reactance and inductive reactance in a resonant state? ;(16-2)
In a senes-tuned circuit  with the ac source adjusted to a high frequency, what determines the greatest
opposition to current flow? (16-3) ’ , . ' ,

What 1< meant by the resonant frequéncy of a circuit? (164)

In a tuned circuit, when is the current flow at maximum? (16-5)

-

35 @ .
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31. How does the resonant frequency of a series-resonant circuit atfect the xmpcdancc? ilb-(;k) e
_“ o hd : N - ’ ’ *~
32. How does the resonant frequency of a circuit affect the i"vp,l,tagc"‘_across the cifpacito“r or coil? (1(717)
. = .
. : .
33, What are you determining when you use this formula:
2 2 cl e
ek R< + (XL - XC) »(16-8) o
L
- - - . .(v“

34. At what frequency is a circuit operating when the capacitive reactance is greater than the inductive
reactarice? (16-9) '

-

3s. How can the resonant frequency 6( 2 tuned circuit be changed? (16-10) v

, >
§ 36, In a resonant-tuned circuit, what determines. the amount of sélectivity of which it is capable? (16-11)
> Aw‘\-‘ )
N :
37. In a parallel-tuned circuit with the ac source set. at a low frequency, why does the greatest ampunt of
current flow through the coil’ (16.12)
38. Explain why the current flow in ine circuit, in a parallel-izined circuit, is minimum at resonant
frequency, (16-13) - )
c s,
1 ”(,) ¢ ¥
o N

ERIC , o R

Aruitoxt provided by Eic:
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[

higher frcquency, whiat happens to line currem" (16 14)
o ‘ v i
LN - - 1 D'.

40, Define line current as the term is applied to a parallel-tuned circuit. (16-15) - . T

i ~

_ : C -
[ . B . . -

. P - e , .
41. Refernng to figure 60 and the te)ﬁ -what elecinc:l proces:s causes the turrent flow to be maintained
in the same dlrectnon when the -capacitor is dlschlrged" (16-16; Fig. 60) o o

!

»

-
[

42. How does current flow caused by self-induction of the coil affect the capacitor? (16-17)

&

-

43. In a tuned Eircuit, energy stored in the capacitor is -transferred to the magnetic field around the inductor
by current flowing in the circuit. How long does this process continue? (16-18)

N )

44. How could a sustained alternating current be produced in the chcu)l referred to in the previous question?
(16-19)

-

45. What is the value of impedance in a parallel-resonant circuit at resonance? (16-20)’

e

N

46. What are you accomplishung in a scnes-resomm circuit that is part of a radio, when you manually select a
specific station? (16-21)

3

37

N

39, If the applied voltage frequency is varied from a value below resonance, through resonance, to a 7{
. - "

- . S - | | . . - ’ \/_/f

<
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A7. How is_the series-resonant principle applicd to certain motor-generatar setz? " (16-22) o o

+ . .

] ' oo ‘ . -

v

.48.  What is the effect of a speed control circuit in a motor generaor?  (16-22) .

o

CHAPTER 8 , .

e

Objective: To be able to relate facts and draw couclusions about a de guaeraror systent and comnonent

operation, and to show an ability™o analyze a system for malfunctions and isoluatc the it litely auses.
’ ! .

. - /

l. .What is the rating of the dc gcneraior for the systeni under disucssieni™  (17.0)
.

. .
3

/
i
_ i

2. What protection is provided the generator system discussed in the texi? (17-3)

3. Where are the various controls for the venerstor system ivoated’ (174, 3

-

4. How is the momentary position of the generator switch identified? .()7-5)

.

/o |
, 5. What actions will result when b generator swoteh s placce i the down postion?  117:6) ) ‘
" ’ |
' 1
v |
. ‘ |
|
" \

. 6! You are required to check generator voltage with the englpe running and with the generator nor,

v connected to the aircraft bus, How is this done? (17-7, 9)

ERIC . | | ”

|
|




7. With a constant field current, a ‘dc generator's output voltage wou

8.

]

. g1 S

} —

\ \

proportional to
” » - : ‘

-

: o

If the generator voltage falls below the regulator setting, how will the carbon-pile resistance be affected?

(17-13)

e vm——1.

9. How 1s load division controlled when dc generators are operated in parallel? (17-142‘9{1{/
- . ®

/
/

/

S

v

39

s 1
N . . - .

-

-

Under what conditions will the armature-shunting relay be tripped? (17-15) .
k) } 1
\‘\
r 4 \\ l )
What is the indication when the generator system cannot be reset? (17-17)
‘
’e(./\ . 4
Under what conditions will the field relay be tripped? (17-18) ‘ 7.
s
How 15 the equalizer relay operated in the undervoltage protection circuit? (17-19)
. . :
»
| ?
v . -
What component is installed in the gerferator system to protect the electrolytic condensers in the
overvoltage caircuit? (17-20; Fig. 62) ‘ q
<
) ’ \ky Al
N % Ca
Y

/00

14




15.

16.

19.

20.

21

22.

~”

When willihe-selec;or relay contacts be closed? (17-23)

Complete the following statemsnt: The selectorrelay for the high-voltuge generator
, thereby permitting operation of the overvoltage relay. (17-23)

The dvervoltage relay is calibrated to trip at® o (17-28) ' -

P

N S
. ' C :

Héw is the necessary time delay. obtained to prevent tripping on volrage trzusients? (17-24)

]
3
¢

" The feeder fault protection circuit' will operate with a to volt diiferential

between the generator feeder and the bus. (17-25)
~o . - . .

’. - ) . - ‘ - wa

What is the function of the potential relay in&'the feeder fault protection circuit? (.17-?.'6)

How are the coils of the auxiliary and main contactors cnnnected with respect fo each other? (17.28)

. . , T .
n . N . ‘)

«

- . ] X
How is the ,lérwérd-current relay reset? (17-29) "




25. What two functions are provided by the forward-current rev‘lay control circuit for the generator

6.
27.
28:
29.
30.
31.

‘What do the green lights which are used in the external power system indicate? (l$9)

32.

.
!

How is cycling of the field relay trip and reset coil prevented? (17-31)

-

»

system? (1 7-342)

’ ) . _ T

N
lj*low aré the power circuits and branch éirpuits protected against ‘sustain_ed overloads? (182)

: : , R o .
. . . "

-«

+

What type of protection is provided for a temporary bverload of the distribution system? (18-3)

-

Why are two 'numb’er 1/0 wires used from the - generator to the. firewall? A(18-5)

?

13

.

What is the total dc load requirement for grbund checking all aircraft systems? (18-7)
. .o . ’ .
PR .

v . ¢

Why are two reverse-current relays (RCRs) used in the external power system? (18-8)

.
Ve

1
-

.

How is dc power provided which operates the RCRs in the external power system? (18-10)
‘ . 1 . o .

t
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33. / When sl')lodld the white lights come on which are located in the 'externa_l power receptacle box? (18-11) -~ N

o 34. How is battery- power connnected to the station 238 circuit breaker panel during an emergedgy? (18-15)

.
P

: ' b A

~35. When corrected for temperature, a fully charged battery should have an clectrolyte reading between E Lo
and . sty R : :

. v , (L\
36. At what level should the electrolyte be maintained above the plates of a battery? (18-18) '

é

~
’

37. What effect will corrosion betwzen the battery terminal and the battery cable have upon the battery power
system? (18-19) : ;

¥ .
hd ’

.
»

38. What is used to service the fe!! pad of a lead-acid vent sysiem? (18-20)

I'e

39. What additional precaution should be taken iff‘any one component of the generafor system has been. damaged?
(19-1) '

40. System analysis is an orderly sequence of and actions wiiich ends with the «dentification
and elimination.of a system malfunction. (19-3) ’

4
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s
e P

- B

N ' : . . -
41. What is the key to identifying gerierator system malfunctions? (19-5) . , / 0

*45. When troubleshooting, where do you start first to eliminate possible ;c,;_ixse_s? (19-8)

.

T « . : e : . L

"43. What is the most probable cause of a low generétor output voltage? (19-12, 13)

= ; Y

44. Why should the core or pile adjusting screws not be adjusted when the regulator is -installed 'in

an aircraft? (19-14) . Vo »
A ‘ 7 \
45. Where would high resistance in the’generator system most likely affectgeneutoi output vpitage? '(19-16)
. . - . . " 1“2‘.7} r - ) B

[
- ’
R

46. How does improperly seated or worn brushes affect generator output vdltagé? (19-20)

Ll

does a high-voltage feading in a generator system indicate? (19-23)

v

48. How will an open in the voltage coil circuit affect the generator output yoltage? (19-25)

.

49. What is the probelm when a zero voltage reading at terminal B of the generator is evident? (19-29)




T~

ASO. Under what condition can the »genefator shaft fail? (19-30.32) .

malfunctions in its systems.

S1. What can cause the generator system ammeter and voltmeter to fluctuate cxcessive'ly? (19-34-36:

ed

CHAPTER 9 - o o-

. : ad - g vET, T - H
Objective: To be abie to’ draw conclusions and relate facts about the duties and responsibilities of the aircraft
electrical repair technician, as related to the multi-generator ac power system, by analyzing, diignosing, and isolating -

»

: » o .
1. The generator system of a typical fighter aircraft consists ‘of how many generators and what are their ratings?

(20-1) , " L ‘ ; .
2. Each generator is driven by a : , and controlled by a ~

(20-1)
3. The unijunctidh transistor is nothing more than a . o3y

+

4. What is the function of the gate of a silicon controlled rectifier (SCR)? (204)

5. The two units which maintain system voltage output to within F 2 percent are the ‘
and its transistorized ' ' . (20-5) _ ’

i
—

44 -
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4
\

b ' . . .
s . : o
Each generator obtains its excitation from the Ce ' contained within

the geﬁerator. (20-6)

.

'

-

Where is the single-phase output of the PMG ‘applied? (20-6)
. v

o
N

<

What action maintains the generator“vol'tage relatively constant under varying load conditions? (20-7)

*
..
P

-
- P . - N

When operating the generators in’ parallel, what units supply reactive load division signals to the voltage

“ F4
@ [
. .

K

I

_regulator?  (20-8)

What is the purpose of the constant speed dirve (CSD)? (20-9)

g

What function does the underspeed switch (USS) perform on the cortant speed drive? (20-9)

I3

]

When will it be necessary for the pilot to use the generator control 'reset switch? (20- 10)

-

45

What;‘two units togéther provide frequency control? (A20-S) i V / 0 b




] "..’ N . . i ,‘ . ] . ‘ 7
4. ' Generator system fault pmtecﬁon circuitry in the voltage regulator/supesvisory panel provides for
, and unbalanced cwrent protection.  (20-11)

L ) - k] »

. .
. . A L3 . . .
N . ’
I . ° .
R . n X .

15. Why are time delays provided in the various protective circuits? (20 1)

16. What- unit prowdes the signal to energize the tie contactor when all requnrements are met for the
paralleling of generators? (20-12)

17. List the three main parts of the ‘30-1(_VA brushiess generator. (2!-‘2')
- : : . .

ik

2

e v
18. What is the prime function of the vol(age ‘regulator in thc V"’SP” (Zl -4)

R
Y . L. LS .
‘e . .

‘
‘ | . "
\ ..
\

\

\

19. List the functions of the supervisory portion of the VR/SP. (214)

20. In addition to regulating voltage, voltage regulators operate in conjunction with each other 4o equalize
the between generators. (21- 5) N

v\ .

r

1

o

21. Where does the voltage regulator obtain power for its phtuse voltage mfgrencc, arcuit?  (21.7)




s
o

v

22. What is the frequency of the sawtooth mgml apphed to the error sendng bridge and where is it / 0 X .
obtained? (21-8) v : - '

,

-
23. Why is thé error sensihg bridge nor affected by temperature changes? (21-10‘)

A oA ' @

" 24. WHat determines the polarity of the error sensing bridger‘? QL-1n - t

.+ 25, - List 'the_three mges;.'of the current amplifier. (21-12)

" 26, How are the Mo outputs of the permanent magnet gaﬁentor u:nsfpnner rectifier used? (21-13)
. s . ‘ \

27. What is the function of the reactive current sensing circuit (RSC)? (2l-i4)

N 1

28, How does the reacuve current seming circuit (RCS) functkn to keep the generators operating in
parallel? (21-14) /

’
Y

29, What is the electrical difference between the right and left VR/SP current transformers? '(21-18')

e

30. What are the results of having the current transformer loop wired 180" out of phass? (21-18)




/5 3//%

31. List the four functions of the supervisory panel in the sequence in which they occur. (21-19) . ~

!

32 What is the purpose of the feeder fault sensing (FFS) circuit? (21-21)

33, - How does the feeder faul; sensing circuit perform its function? (21-21)
o ~

¥
34. What action does the feeder fault sensing circuit take to preveht generator burnout? (21-22)-

N .

35. How does the undervoltage sensing circuit detect an .undervoltage condition? (Ql-iS)

. . - . .
- \
- \\ .
.

1

36. How does the overvoltage sensing (OVS) circuit detect an overvoltage condition? (21-27)

37. What prevents both generators from being tﬁppéd off the line, if a voltage regulator malfunction causes
overexcitation while in parallel operation? (21-28)

N

7

38. If the left generator is being overexcited, what causes the right YR/SP to take t‘:_c' nnposite action in its
OVS and UVS circuits? (21-29) )

N




39, The generators are operating in parallel, and the left one becomes overexcited. Which one will be / & ?
tripped’ off the line by the action” of the RBC? (21-31) 4

»

40. List the three relays which the contactor logic circuit operates. ~(2'1-32)
—

41. List the four basic circuits in the contactor logic circuit. (21-33)
42, What is the function of the GCR éldkcoﬂ circuit?  (21-34)

1

43; 'Why must the undervoltage sensing disabling circuit be disabled prior to closing the GCR and the
underspeed switch? (21-35)

44. What is the function of the contactor control relay circuit? (21-36)

45. When the generator is shut down manually or by a protective ciréuit, why must the CCR and the GCR
operaie in sequence/ (21:38) )

o 46. Whay 1s the function of the GCR trip-coil circuit? (21-39)

49




47.

48.

49.

50.

Sl

52.

53.

54.

- 55,

What condition will cause fhe isolate-relay circuit to -energize the isolate-relay and open the tie
contactor? (21-40)

List the three functions of the frequency,

What_ is the frequency produced by the tuning fork oscillator circuit in the FLCB? (2145

What is the function of the load division demodulator circuit?

)

v

.

(21-51)

ind load control box (FLCBi. (2]_-43)

/

Why is”the resultant of the power of. the output and mixing circuit appiied to the dr'ive,s? {21-55)

What is the finction of the automatic paralleling circuit?

What phase angle difference is required betweer the generators to close the APR? (2161)
List the five major components in the ac power control box

What is the function of the loop shorting relay?

f

(21-64)

(21-60)

(21-62)

-




56.

757,

58.

59,

60.

61.

62,

63.

7/

®
Why are .the current 'transfonners'cdnnected in a loopiand phased so that their outputs are
opposing? (21-65) ' o Y ' / / /

What are the three most important units in the constant speed drive? (21-66)

How does the basic governor provide for real load division when the generators are operating:in parallel?
(21-67) ' -

o

§

What are the two functions of the limit governor? (21-68)

‘What is the prirhé function of the underépecd switch? (21-68)

What are the purﬁoses of the PMG transformer rectifier output? (21.70)

-

Which contacts must be closed to allow the left generator to power the right 115-vac bus? (21-71)

-

What are the indications when all three warning lights (LH GEN OUT, RH GEN OUT, and BUS TIE OPEN)
are extiriguished? (21-74) S :

51 T e
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64, What',power sources are available from the power distribution system?  (22-1). l

~

’

65. What are the power sources available for the cockpit warning lights? (23-1). 'X

66. List the five major components in the external power vuntrol cireuit.  (22-3)

-

67. From where does the external power YR unit_ obtain ils power? (22-3) \

68. Who has the rsponsibility‘ for servicing, charging, gepairing, and testing the battery as well as
troubleshooting its control system? (22-5) .

\ -

—

6§. What is the .composition of the electrolyte solution in the -nickel-cadmium battery? (22-6) -
‘ |

1

70. What is the nominal open-circuit cell voltage of the nickel-cadmium battery? (22.7)

- -’

%

/1. How many cells are requued lor a 24-voll system wnen ‘using a mckel-cadmum battery?  (22.7)

\ \

72. What method is recomx;nended for the normal charging of nickel-cadmium batteries? (22-11)

’
[5)

3.




73.

74

75.

76.

71.

78.

79.

80,

81

Why are the current transformers the cuase of many malfunction in the load division circuits?

I
¥

What is the normal power requirement for charging nickel-cadmium batteries on ¥ con nt-potential / / 3 .

charger?  (22-11) .
. - ¥ - S t

A

( - f }
Describe. the constantcurrent method of charging. (22-12)

RS . \, : . . ! M :
,"

What is the purpose of the .irjm ’bwn

. S
From what source does the aircraft get\;\mnin emergency power? (22-13)

-

-

8

What 15 considered.to be reaﬁstic troubleshooting? _(23-2))

K}

" ) \
\ﬁnr; the three mnj/wca(egories of malfunctions found in the ac power system? (23-3)

' .

. ) C ' . -
What two units normally cause frequency fn;l{umtiom? (234) / 8
/ L -

o ! . - N
~

What three units usually cause high- or low-voltage malfunctions? (23-6)

¢ [ t

»

L

-
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CHAP’TER IO

Objective To be ablevto draw c.dncluslons about system operanon and maintenance on control and
warning systems,

1. In the _Edisbn thermocouple system, each engine has how many zones ‘or sircuits? . (24-3)

a

2. The dlfference in temperature rise between the hot nd cold JUY‘IL“OHS of‘ tl thermocouple can produce
a potentlal of how’ many volts? (24-4) -~ . '

[

3. The operation of -the photoelectric fire detcction system depends uppn what factor?  (24-6) -

~

L&

5. Name the four basic circuits in a transistorized continuous cable fire dctector system. (24-10)
: ' . . . . .

, ,

6. [n figure 78 _what type coupling is used 10 couple QI and Q2 in the fire detector control assembly?
(24—14 Fig. 78)

i

7. With no fire signal, how is uansistor Q2 biased? (24-14)

8" What component turns on the fire warning light? (24-17; Fig. 78)

L./:L'




-

-

’

When i nspecli‘ng a fire warning. system,. Dyne one item that is often ové_flooked. (24-19) ; o _ / / {@N

What is the purpose.c;f the master caution system’? (25-1) - o - A L
S J 7 . R T - _4 *__‘__,_,._‘ ._ﬁT,_w,ﬁ_,_,‘ _ » e .iﬁg-/‘—#f.v_
What are .the three basic g/ircu_its in a solid state master'caution system? (25-3) .o K _ -7
RN , Ly . . . - R ;{"j ’ , .
" R L 7
'Refer to figure 79. What is the function of the Zener diode, CRI, in the individual light circuit? (254; Fig. 79)
’ J : : > : - ‘ ' 7 . )
"~ In figure 79, what comiponent forward-biases QI .to turn on the masier' caution light? (25-9; Fig 7.9)' ‘
:’ A ‘ . .
7 How does the ;eset.circhit of the. méster caution _syst:m affect the individual caution fighu?. (25-13) N
*» N " ., V'\/ *
.,:/’:a v k ’
‘The engme fuel supply system has provmons for two mel.h}ods of supplying fuel to the engme What are’ )
“they? (26-3) - . L o ) . ) . ‘ '
. o . . f - . . 7 P . : - .
, . /

With external power applied to the mrcraft what conditxons must exist to cause the boost pumps. to
) opeme” (26-5)



“17.

. b._Afterburner operation on either engine. . .

7 . . . N -

\

Refer to foldout 15. In the fuselage fuel _syste.m, which of the conditions listed below woud cause
the hydraulic transfer pumps to operate? Write-a T or an F for true or false beside each condition.

.

2! Anytime hydraulic power is on the aircraft.

c. Either engine master switch is on. -

"d.- Air refuel switch to EXTEND. ; .

e. Fuel load in cells 1 and \2 falls’ below 1800 pounds. -
N . .
f. Hydraulic. transfer ‘pump check switch is placed in. the CHECK.position. et
. N : .

°

(269 FO 15)-

18.

19.

2L

22

»-

Is the following statement frue or false? The center, right. and left external fuel lights will illuminate

while fuel is flowing, (26-12;'FO '16)

-

I

-

3
S

How is the fuel transferred into the-aircraft from the external system?  (26-13)

What unit contréls the FULL lights in the exgeinal fuel system? . (26-13)

F

C o a .
. - -

/

- P
'

Refér tov ﬂgure' 80. When the air refuel switch is moved 10 EXTEND, what-component is energized to .
to extend the air refuel receptacic? (26-16; Fig. 80) VeSS )

Who can initiate disconnect action when refueling is completed? (26-17)

¥

N N
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24,

26.

27.

28

29.

30.

inputs? (27-3)

\

>

What conditions must exist on the aircraft for the’ nose gear steering system to begnergized? (27-2) / / 7
) . V ‘. ) ! ) T ' : - .

~

What protects the nose gear steering system control unit from an open or xhon circuit ig one of the

T2

- N

What causes the servo vnlve to direct dyduuhc flow to the vane motor for the purpose of tuming the .
nose wheel? (274) .

If an mtennittent fault occurs and the failure detection system trips the ground pat.h for the servo vnlve, _
how can the system be met" (277)

What unit supplies power to the control unit of the ‘nose gear steering system?  (27-9)

~

r -

A

Refer to ﬁgure 82. What is the purpose of the 500-ohm resistor in: series with the wiper arm of the
command potentiometer? (27-10; Fig 82)

What determines the degree of turn of the nose wheel? (27-11)

-

“supply transformer T1 provides two outputs of 100 vac. ‘These voltages are used to develop
power supplies. (27-14)

/

57 -




!




 MODIFICATIONS

Fﬂ@?‘s 37 éé _of this publication has (have) been deleted in

aw

adapting this material for inclusion in the "Trial Implementation of a

and Technical Education. Deleted material involves extensive use of . °

4 N
t

military forms, procedures, systems, etc. and was not considered appropriate

" for use in vocational and .technical education.
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o . CHAPTERS

The power consumption of any electrical measuring devnce should be small in comparison to the power availabie in the
gircuit under test, ( 10-1) - : o .

Ohmmeter. megger, and Wheatstone bridge. (lOé) '
- To enable the meter to indicate any value being k‘casured with the least error. (10-7) L _

A shunt type ohmmeter circuit is used on the low-ohm scale. (10-8)

1In the shunt type meter, the smaller the value of resistance measured, the less-the current flow through the meter movement.
(10-9) ' ‘ '

Values on the scale increase from left to right. (10-9) 4 ) \
In the low- :)hm position, current flows constantly from dle batte“ry through the meter movement and the l!mitﬁig resistor. (10-10)
» By companng the balhsuc kick of the metcr with the deﬂecnon caused by a capacitor of known value, (lO-l 1) ‘
When no current is ﬂowmg in enher coil, the pomter may come to rest anywhere along the scale (10-14)
500 volts, (10-14)
True, (10-16) ' | ' ,_ , B o
lnﬁnily, zero. (10|7L |
The Wheag;(one bridge. (10-20) ; :

The detector circuitt may use a galvanome (er for sensitive measurements requiring high accuracy. (10-21)

When the meter shunt has been removed, the detector is at maximum énsitMty. (1‘0-22) "
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17.

18.

20.

21.

22

23,

25.
2.
27.
28.
29.
30,

31

33

34.

3s.

)

Very high, very low. (10-25)

4

. You must tighten the binding posts securely so that the comact resistance between the bmd ng m.ts and the
resistance to be measured is kept to a minimum. (10-24) '

The current rating of a shunt should never be the same as the estimated normal load current, because uny lngn
load current would drive the pointer off scale and might damage (hc movement. (IO-.)O)

. The ammc;cr terminals are conrect:d to like polarities in the circuit. (10-38)

‘-

For higher voltage ranges, the series msis(ancc is contained in a unit common!y culled a multiplier, (10-40)

b

To increase the sénsitivity of a voltmeter, increase the strength ol the permanent magret, use lighter weizht matcnals ’
for the moving element, and use sapphirc jewel bearings to support the movmg coil. (10-45)

The accuracy of a voltmeter is generally expressed in percent, (10-46)

When a voltmeter is connected across a circuit and the meter has tow interval resistance, it will draw an appreciable
amount of current. Because the effective resistance of thc circuit is lowered, the veitage reading will ’\I\() bc lowered.

(1049)

v

(10-51)

. The primary advantage of the YTVM over ordmary meters is its design to measure vo'ugcs without ’o.jdl»lg the circuit..

The negative S-volt bias on the tube grid establishes the operating point of the tube at cutoff. (1C-53)

Average, peak, ms. (10-57)

-

A

The input coupling capacitor will become charged ang’could result in a dangerous shock. (10-59)

Formation, control. (10-62)

The aquadag coating provides a return path for electrons and s¢

disturbances. (10-63)

-

s to shield the electron beam from cexternal electrical

These electrons are at(rac(cd toward the accclcratlng and focusing anodes because of their rclanvc high positive potential,

(10-64)

You should not opcra(c the oscilloscope with the case removcd because high voltages are cxposcd and could cause Ialnl

shock. (10-70)

Because the tube is under a high vacuum, any undue stress o rough handling ¢an cause serious injury because of tube
implosion. Also, it broken, ths inses heceme a hazard because of the tivorescent coating, which 1s extramely toxic,

(10-75)

Two types of frequency meters that are suitable for measuring voltaze 5« nrce frequency are the dvnamometer type and

the vibrating-reed type. (10-77)

The dynamometer type frcquchcy meter can be used for only a small frequency range. (10-79)

Correct voltage, frequency, phase relationship. (11-2) -

08

1o




36. Thc logic tree provides you with a means to logically pursue a trouble toa sausflctory oonclusion by the process /2‘ '
* of elimination, (I I-6) b

37. The electrical power test harness can be used to perform a generating system check and for trgubleshooting systems
faults ldcmlﬁed t0a specmc component. (11-7)

38. Compared to the PSM 20B tester, the electrical power test harness is capable of a more thorough testing of the
constant-speed drive and relned circuitry, (11-9) ¢

39. The electrical power test harness has a functional checklist for flight line and in-shop applications. (11-9)

[

- | CHAPTER 6
1. The smallest a maghet can be divided and stilﬁiemaih a magnet is down 10 a molecule. (12-2)
2, The tiny magnet in question | is the basis for the molecular theory of magnetism. (12 2)
E/‘ 3, The moleculesin unmagneuzed materials are thought of as being)umbled»at random, with no definite order. (l 2- 3)

4. To producc a moderately strong magnet having a ferromagnetic substance, you would stroke it with a strong magnet.
All strokes must be in the same direction. (124) : '

5. Magnetostriction is the behavior of a substance being magnetized and demagnetized to gxpmd and contract. (12-5)
6. Engine heat or a hard jar can cause a generator to lose its residual magnetism. (12-6)
7. Pnsitive: negative. (12-7)

8. Atoms in ferromagnetic substances tend to bond tdgether in an effort to lcquiré a greater equilibrium, forming domains ’
L 8 :
within crystalline structures. (12-8)

9. Four conditions which cause the lifting power of a magnet to vary are the

(1) kind of magnetic material to be lifted. (3) manner in which the material is applied to the magnet.

(2) shape of the material to be lifted. : (4) shape of the magnet.

(12:9)
10. North polc; magnet; south ﬁole. (12-10) . .

P, P,
11, F=——  stands for the mutual force between two poles.
a3 . .
pd=

F = force between the two poles.
P, and P,= ma@itudes of the pole strengths.

d = distance between the two poles,
4 = constant that depends upon medium surrounding the poles.
(1210

69
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1 X1 ;

. The equation F = ——————— = | dyne can be stated as: when any two poles of equal strength ure placed
9
y 1 Xlcm~ - . ’

in a vacuum, 1 centimeter apart they repel em.h other with a fon.c of 1 dvne, (12-12)

2

. The repulsion of the north pole equals 6 dynes while the rcpulSIon of the south pole equals 2,3 dyne. Touj
repulsion equals to 6- 2/3 dynes.” The attraction of the circuit is equal to 3 dynes, 1. 5dynes for cach magnet.
(12-14,15;Fig. 38)

. Magne'!ic forces. (l?.-'i6) '
. The components usually .found in a magnetic amp'liﬁcr are induct'ors, dry disk rectifiers, und rcs.istors. {217
. Mangetizing force; satura!ion;' inc;easc; increase, (12-1‘3) |

7. Should be like figure 40 of the text. (12.20; Fig. 40)

1]

. The amount of current through the dc coil controls the reactance of a-saturable reactor. (12-21)

. The addition of a bridge rectifier. (12-21)

. Direct current moves in only one direction ard has a constant amplitude characteristic with referencedo Lime. {13-2.3)
AY .

. Negative or positive points. (13-4)

. The battery is poled in the positive direxn, (13-5) .

. Ohm's law states that the current in a circulit is proportional to the voltage. (13-6)
. Ohm's law states that the current in 2 circuit is inversely proportional to the resistance. [13-6)
. Kirchhoff's first law states: The algebraic sum of the currents at any junction ol conductors is zero. (13-7, 8)

. Kirchhoff's second law states: The algebraic sum of the applied voltages and of the voltage drops around any closed
© circuitiis zero. (13-7, 10)

. False. Polarity has nothing to do with Kirchhoff's laws. (13-10, 1)

. The voltage at point 2 is 13.25 volts. This is due to all resistors in the series-parallel legs being equal Rg is not considered
due to no current flow through it, (14-2-5; Fig, 44)

a, Ra = 2/3 ohm, .- g. lgc = 1.93 amps
b. Ry =l ohm, h. Inc = 1.39 amps.
c. R - 2 ohms. 1, EB = 1541 volts.
d. Rp=6.02 ohms. i- En = 13.99 70l
. IT = 3,32 amps. k. Ic = .38ump.
f. E =16.68volts.

14

(14-8-10; Figs. 45, 46, 47)

. A mmesh citcuit is a series of intercopnecting branches that form complete circuits or loops. (14-11)




" Simultancous equations are used to solve for curredt in mesh or u'l% due to solving two equations at the /‘
same time. (14-12,13) [

. There are two general methods that can be used to sohe  §imultaneous equations. They are addition or
subtraction, and substitution. (14-13)

.x = 5/ y =5, Check text for procedure. (1"4-14-18)

. Kirchhoff's law states the voltage is zero. In simple form Kirchhoff's laws state that: The voltage around any.
closed loop is equal to zero. (14-19; Fig. 13) &

= =998 amperes.
l;, = 100 amperes,
It = 0.2 ampere.
Check text for proper.procedure. (14-19, 20)

36. Current | is negative due to the different size batteries used. With the larger 50-volt battery a large charging current
is being sent to the 10-volt battery, (14-21) ' '

37. Elal]R, 52-12R
—998)(01 ’ . Ez-IOOXO.3
—99.8 voits 52 = 30 volts

'ITR. | . E1.=‘El +Ez+ER
0.2 X 100 Er = =998 + 30 + 20
ER 20 volts E,,- = 40.02 voits
(14-22) .

CHAPTER 7

AJternatmg current is an electncal current that continually changes in amplitude and periodically changes in directioﬁ. (15-2)

E

. The statement is true. (.15-3)

. The peak value, (15-4)

. The statement is false. The average value as applied to alternating voltage is restricted to one alternation. (15-5)

. Phase is a diffcrence in time between any point on a cycle and the beginging of the cycle. (156)

. Increasing; zero-amplitude. (15-7)

- The statement is false. When two alternating currents are applied 1o a resistive circuit they are alwayt in phase. (15-7)
. When alternating currents are applied 10 a circuit which is not resistive, the voltage and current are out of phase. (15.8)

. Relctlve (15-9)

10, Capacitor; inductor. (15-10) /,




12

F13.

14.
15.

16,

18.

19.

20.

21.

24,

25.

26.

27,

28,

29,

31

32.

33,

34.

3s.

36.

. Dielectric. (15-11)

Microfarad. (15-12)
The workmg voltage of a capacitor is the maximum voltage whlch may be continuous lv appiied across the capacitor
without danger of voltage breakdown (15 13) '

The statement is true. (15-14) ' ! .
DN . ) \\

Choke; reactor. (15-15) o . N

The unit of measurement of inductance is the henry, (15:16) \

- The current rating of an inductor is the valug of the magnetizing current which places the permeability of the core

material just below the knee of the saturation current curve, (15-17)
Inductive reactance is a type of opposition to current flow in an ac circuit. (15-18)

The cmthuoudy changing amplitude in an ac circuit causes a counter emf, which in turn causes a phase shift between
voltage and current. (15-19) N\ -

The inductor current is zero when the applied voltage is maximum., (15-20)

The capacitor current leadss the applied voltage by 90 electrical degrees, (15.21)

/,‘1
. A definite frequency, (15-22)
. As frequency increases, capacitive reactance decreases. (15.23) N
. LY
As frequency increases, inductive reactancs increases, (15-23) “

l‘ -
XC = W , (]5-24) \

The statement is false. Inductive reactance is directly proportional to frequency. (15.25)
When XL and Xc are exactly equal to each other. (16-2)
The reactance of the inductor, (16-3)

The one frequency between high and low extremes where Xy and XC‘ arc cqual, (16-4)

. At rne -zsonant frequency, (i:-0 ' )

The impedance of the circuit is at its lovest value (minimum) when e «:; cuit is at resonant frequency. (16-6)
The voltage measured across each unit is greatest at the resonant freqy.eney. (16-7)

The impedance of the cﬁcuit:(l6-8)

Below resonance. (‘I6.9)

By changing the value of either. the cnil or the capacitor, (16-10)

The resistance present in the circvi (16-11)

1:{‘1 ' < -
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" 37. With a low-frequency alternating current, the reactance of the coil is low and the reactance of the capacitor is high.
This condition reverses if the source voltage is sct to a high frequency. (16-12)

frequency, the currents flowing, through the two reactances are equal in value and opposite in polarity. They

38. Current flow through the inductor is opposite in polarity to current flow through the capacitor, thus, at nwng‘
d
10 cancel each other; therefore, current flow in the line circuit is minimum. (16-13)

39. The line current decreases from a high value at low frequency to minimum at resonance, and then rises again to a .A
high wglue at higher frequency. (16-14) - . '

40. The hne current is the difference between the currents flowing through the inductive and capacitive branches of the
circuit. (16-15) -

41. When the capacitor is discharged, a self-induced voltage is genem@m the coil by the collapsing flux. The direction
of this mduced voltage maintains the current flow in the same direction, (l6-l6 Fig. 60)

’ 42. Current flow caused by self-induction of the coil aIIOws the capacitor to become charged with an obposile polarity.
(16-17)

43. Until such time as required to expend energy. by the resistance of the circuit, (16-18) : /

44. By supplying just enough power 10 the circuit to overcome resistance losses. (16-19)

45. The impcdance is maximum at resonance. (16:20)

46. You arc manually selecting or ""tuning” the circuit to a specific frequency. (16-21)

47. In a specd control ¢ircuit when the motor-gencerator is designed to operate at a predetermined speed. (16-22)

-~

48. The net effect of the speed control circuit is to maintain a motor rpm at the speed required to produce a resonant
. condition in the circuit. (16-22) ; b

£

" -
CHAPTER 8 '
kﬂ 1. 30 volts at 350 amperes, (17-2) » ,
2. The generator system includes feeder and internal ground-fault, undervoltage, overvoltage, differential current, and
* reverse-polarity protection. (17-3) ‘
\ S
3. The generator system.controls are located at the Right engineer's station. (17-4)
4. The momentary position of the generator control switch is marked GENERATOR SWITCHES DOWN TO RESET
FIELD RELAYS. (17-5)
’5. The field relay witt be reset and the gencrator field will be flashed, (17-6) N
6. Mqve the generator switch to the off position and place the voltmeter selector switch to GENERATOR position of the
affected gencrator, (17-7,9) ) @
e 7. Armature speed. (17-12)
8 Carboynlc resistance will decrease (17-13) L.
. <

a .
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9. By the voltage regulator through the equalizing coil circuit, (17.14)

10. An overVoltzige or a feeder fault will trip the armature-shunting relay. (17-15.

11, If the generator systém cannot be reset, the forward-current relay will be tnpped. (17-17)

12. Operation of the(overvoltaNge relay or the foDard-currcn( relay due 104 fccdc- fault: {;7-18) \,
13, The equalizer relay is operated by thy r\everse-currcgt relay. (17-19) ‘

14, CRI of the overvoltage protection panel. (17-20: Fig. 62)

15. The selector relay detects the generator responsible for the avervoltige, (17-21)

16. When an equalizer signal is sent in the direction of the cqualizer bus, (17-23)

17. Will not operate. (17-23)

»

18, 30.1 (+.5). (17:4) , )

°

19. Series resistance is used to limit the charging reate of the capacitors used th the overvoltage coil arcurt (17.24)

{20, +0,2; 40,35 volt. (17-25) o
N,
21. The function of the potennal relay is to protect the coil of the differential volugc and reverse.current relay aganst
excessive terrainal vol\agc 7-26)
" 22! The auxihary and main contactor cous are connected in parallel with each other. (17:28) P

L

23, The forward-current relay can be mechanicaily reset only. (17-29)

24, By alockout relay in the overvoltage control panel. (17-31) ) -

25. The forward-current relay control circuit prevents teapgfication of power o « 'eeder lault arid distingni.shes  teeder
fault trip from an overvoltage trip. (17-32)

a
- ~

26. By thernal-type automatic circuit breakers, (18:2)
27. Current limiters are used in the system to allow o, a temporary overlond. ([8-3)

28. To reduce the voltage drop and to assiire sufficient currznt-carrying capacity tor thcyanrcraft\dc systeny, (%)
29, About 24 8 KW, (18!?) | !

30. Two RCRs, one for the main d¢ bus and one for the eivetrome de das, v ased ' wonnect and disconie L external power
from the aircraft distnbution system., (18:8) \\a

31. The green lights, when on, indicate that an auxdiary\gower umit (APU) 15 vonnected to the external power reucptacle and
Is turned on, (18-9)

- A - ' )
32. DC power 1s provided by an APU to operate the RCRs. (13-10)
33. When the exiernal power switch 15 placed m the ON pasiton #1411 ’ :
. “ - " I
¥ . 4 ’
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- Thiough the rudder and clevator.relay. (18-15) -~

CTee
PN

350127501300, 1817) . o - e
36. Y8 irich. (18-18)

37. Corrosion between the banery terrinal and the battery cable could prever“ft the batter) from pro‘ndmg its full
rated power in an emergency (18-19).

38, ’The pad is“sa'turaled'%vith a solution of 'sodinm bicarbonate and water. (18:20), - S <
39. The entire syst should be lnspected for any additional damage. (19-1) AR
40 Metal: physrcal S 3) S "*““f‘%“ o S ' o
41. The key to ldenufylng' system malfunctions Kis careful inspection and operational checks. (19-5) .
42. Check the easiest things first, such as the circuit breaker. (’I'94v8)

43., A faulty or imbroperly adjusted v.oltage regulator. (19-12,13)

34 Bolh the core and pile ad)usnng screws can change the vohage setting as well as the characteristics of the regulator
(19-14) - N _

45. High resistance in the field circuit would affect génerator output voltage. (190-16)

46, Impro'per|y seated or worn brnshes c_auSe low output voltage. (19-20)

47. No control over shunt field currént, (1Q~23)

4.8.' With air open in the voltage coil ciuit, nerator output voltage will be high. *(19-25)

49. A broken generator shaft. (l9-2"~))A
50. Under any condition that ixnposeis‘ shoek loads on the generator. (19-30-32)

- *

51. Thefollowing can cause ammeter and voltmeter fluctuations:, ‘
a. Loose connections in the aircraft wiring. v . N
b. Defective generator brushes,
c. The condition of the commutator.:
~(19-3436) : «or

| CHAPTERS  ~ |

LI

. The gencraior power system consists of two 30-KVA 200/ 1 lS-vac 3-phase 400-Hz generators. (20-1)
2. Constant speed drive (CSD); voltage rcgulator/supemsory panel. (20-1)

3. Diode. (20-3)

75




’ . r ) .L‘ -
s 4 The gate of the silicon c,o)trolled rectifier (SCR) controls the turn-on/turn- off proccss of the rectifier, ("0-4)

S. AC generator; voltage regulator. (20 -5)

6.. 'Fhe constant speed drive (CSD) and the frequency and load control box (FLCB) provide frequencv LOl'lltOl ("0-3)

N

7. Perrnanent magnet generator (206) : " : ' \-

¥

N S
- 8. The single-phase output of the PMG ig apphed to a transformer recttﬁer (T/R) in the voltage regulator/supervisory panel

10

¥ ll.
12.
13,
14,
15.
16.
17,
18,

19.

. 20.
21.

22.

24

(VR/SP). (206)

_remove the defectrve system from the arrcraft buses. (21-4)

R}

N 9,_.;'!'he voljazg, regulator circuitry is sensitive to.small voltage changes and'quhickly"responds'to adjust the excitation to the
exciter field. ( -7) : Co- ‘ :

A reactxve load loop consrstmg of two current transformers and a comparator circuit supp/ly reactive load division signals.
to the voltage regulator. (10-8) ' : :

The constant speed drive (CSD) converts the varmble speed of the engine to 2 constant speed for driving the gencrators.
(20-9) » '

- The underspeed switch permits the generator to !_energized and connected to the buses if its frequency is above 375
. Hertz. (20-9) : . . A

It will be necessary for the pilot to use the generator control reset switch in the event a malfunction causes.a generator
to be tripped off the line. (20-10) ' : :
Undewoltage ovenioltage underexcitation, overexcitation. 20-11)

Time delays are provrded in tfte various protective sircuits to prevent nuisance tripping or-Amo'mentary variations occurring
during normal system oper‘.tton (20-11) » ) \ o

The APR provxdes the srgnal to the system dontrol circ‘uit‘s to energize the tie contactor. (20-12)

“
o’

The three main parts of the 30-KVA brushless generator are the permanent rnagnet generator windings, main gene‘ator field
windings. and exciter wmdtngs (21-2) v :

The voltage regulator portion of the VR/SP provides exci‘ation to the generator and varies it to maintain a constgnt output
voltage. (21-4) ‘ '

¢

The functions of the supemsorv pomon of the VR/SP are to monitor system operation and, when sensing-a malfunction,

Reactive load. (21-5) . - - : - g

The voltage regulator obtains power for its phase voltage reference circuit from the full-wave transformer rectrﬁer 217

The frequency of the sawtooth signal applted to the error sensing bridge is 2400,7!-{2; it is obtained from the waveshaping

amplifier, and switchmg amphﬁer (21 12). .

. The temperature characteristics of thermistor RTI are the same as those of Zener diode CR7, and the bridge balance is not.

affected by-temperature changes. (21-10)' v '\/

The polarity of the error sensing bridge, with respect to the junction of CR7 und R12, is dependent upon the direction of the
generator error The polarity is posmve with low generator voltage and nen.mve with hrgh generator voltage, (21-11)

»
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Y
- 28.

29!

)

- 3L
32

44.

35.

41,
42,
43

(21-12)

“The right VR/SP current transforrner is wired l80' out of phase. (2l-l8) :

v
. h

The three stages of the current ampltﬁer are the voltage amplxﬁer waveshapmg amplifier, and switching ampltﬂer / 5 &

e
» ,.A ’

The two outputs of the permanent magnet gencrator transformer rectrﬁer are used by the voltage regulator power
supply and the supervisory portron of the VR/SP. (21- l3)

'lhe reactive current sensmg circuit (RSC) functions to equahze the reactive load between generators operating in
parallel (21-14) : .

'lhe output of the RCS circuit is usefj to bias the voltage regulator ctrcuttry, wluch increases the excitation to the
generator carrying the least reactive load. (21- 14) :

\

The results of havmg the current thsl'ormer loop wrred 180 out of phase are that opposrte‘.tctron takes place in the -
opposrte RCS. (21-18)

Sensing, time delay (where needed) logtc decxston and control. (21- l9)

The feeder l'ault sensmg circuit performs the protective functions of feeder fault and generator burnout protection.
(21-21)

LI T
’ <

" The feeder fault sensing circuit is a low phase sensing circuit, and it detects feeder faults by comparing each phase

voltage with the average of the three phase voltages appeanng on the voltage regulator error sensing bridge. (21-21)
. .
The feeder fault sensing circuit reduces the excitation to the generator which allows the generator to be tnpped ofl'
the line by undcrvoltage. (21- 22) ' : _ ‘ ~
A . '
The undervoltage sensing circuit ‘monitors the l%west phase voltage, which, when less than 102 volts, provides a signal
to,trip the generator off the line. (2l ”5) :

The overvoltage sensing circuit responds to the hrghest phase overvoltage and through its time delay, woduus atrip .
circuit with delay time mversely proportional to overvoltage level. (21-27)

. The reactive bias circuit (RBC) biases the OVS ck@glt 50 that only the defective (overexcrted) generator is tripped off the

~

. In the case of an overexcitation fault, the generator supplying the most current is the faulty one, and it is tripped on

overvoltage. (21-3 l)

5

The contactor jogic circuit. operates the generator control relay (GCR), contactor control relay (CCR) and isolate relay (IR).
2 32)

The GCR closc-coil circuit, UVS disabling circuit, CCR control circuit, and GCR trip-coil circuit. (21-33)

The GCR clo'e-coll circuit functions to energize (close) the relay. (2l-34) |

.
The undervoltage sensing drsablmg circuit must be disabled prior lo closing the GCR and USS to prevent an automatrc lockout
of the GCR. (21-35) . . . ,




52,

55.

59.

O

ERIC

Aruitoxt provided by Eic:

45.

47.

48.

49.

50.

51

53.

54.

56.

57.

58.

'

(21-36)

The CCR must open before the (,CR othcrwrsc thc gcnc

bus. (21-38) .

The isolate relay circuit will energize the isolate relay and ope
sensing circuit detects an LXL.eSslVe unbalanced real load divisi

The functions of the FLCB are fine frequency control, autom

. The CCR circuit encrgizes or decne

)3/

rgizes the CCR, which, in turn, energizes or deenergizes the line contactor,

rator will be deenergizes while still connecsad 1o the

. The purpose of the GCR trip-coil c.ircuit isto deencrgize the GCR. (21-39)

n the tie contactor when the unbalance nrre

on bClWL‘L.H Ut.ncr.:tors (2.-40)

atic purullchng, and real load division, (21-43)

The frequency produced oy the tuning fork oscrllator circuit |n the FLCB is 800 + O 4 Hz (7145)

The load division demodulator circuit provides a voltage

amphtudc modul.tted stenal to the power outpi: und. mixing

circuit to correct for an upbalanced rea) load condilion between the p.trallclcd genérators, - ("l §])

The resultant of the power vutput and mixin

-load conditions, (21-55)

g circuit is applied to the drives to vorrect the off frequency or unbalanced

The automatic paralleling circuit functrons as a phase- sensmvc detector, ("l -60)

The phase angle difference between the generators should be approxlmatelv 90°. ("l 61)

-

The five major components in the ac power control box are the leit and n
power contactor loop shorting relay, and currént transformers (21-62)

A

A

ght Iine contactors, tie contactor, external

. The loop shortrng relay shorts the three-current transformer loops whenever the m. contactor is dtcncrgx/c (21.63)

The current transformers are connected in a loo
difference in the amount of current produced b

r

p and phased so their outputs are npposrng and proporuonal to the
y cach generator, (21-65)

The three most important units in the CSD are the basrc governor, limit gov2rnor, and underspéed switch. (21.66)

By using a signal from the frc

‘ (21.67)

60.

61.

The two functions of the limit governor are the actuation of the

"The underspeed switch prevents connection of the

37\ Hz. (21-68)

The PMG transformer rectific

and contactors, and as a pow

. TC-10 contacts. (21-71)

a

2quency and load control box to supply a corrcctive signal to the trim heud ol the CSD.,

undcerspeed switeh and the trip valvcv. (3!-68_)

generators to the bus until generator frequency is approximatety

r output is used for generator excitaticn, us u do s.ontroT voitage for e peratioy ol svstem relavs

er supply for the semiconductor circuits in the VRSP, 2.70)

.

The power distribution system consists basically of the left and right | 5.

de bus systems. (22.])

i

78

14 vJ

- When all three waming lighits are extinguished, the generator systems are operating nornally and in parallel, (21-74)

Y, 3}&3}& buses und lew-oltage 1 and de
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2. The cbnslunt-polential method is recommendcd for the normal ch'arging of nickel-cadmium batteries. (22-11)

2

The cockpit warning lights have 28 vac for day operation and 14.vac for night operaticn. {221 i ’ / 3 2
The five major compongnts in the cxternal power control circuit are the generator control switches, .
external power contact (EPC), external power transformer rez tif’ers external power receptacle,

and instrument ground pgwer switch. (22-3) ‘ . : o

v

The cxlern.rl power T/R unit obl.nns its powcr directly from A phase of the external power receptacle ,
(223) . - -
The arruafl e|ectrrcal repairman has ihe responsibility for servicing, chargrng, repairing, and testing the
battery as well as troubleshooting its control systems. (22 5) :

‘.
The comnposition of the eleclrolylc solunon in the mckel—cadmrum batlery is 30 percent (by waight) polassrum :
hvdroxrde in distilled water. (22

The nominal open-circuit cell voltage of the nickel-cadmium battery is 1.30 voits. (22-7)

Nickel-cadmium batteries for 24-volt systems consist of 19 individual cells. (22-7) -

. The normal power required for charging nickel- cadmrum batteries on a constant- polenlral charger is 28.5-volt dc and

at least 200 amperes. (22-11)

Charging by the constant-current method is done by using a rectifier-type banery charger. The charger is connected
in series with the batteries and also selects and regulates battery cunent (22 12)

The purpose of the aircraft batlcry is to provide electrical power for the engine rgnmon four whne ﬂood lights, and
the EGT indicator inverter. (22-13) ‘ _ -

!
(3

The main source of emergency puwer for the aircraft comes from the emergency ac generator, which is 1riven by a
ram air turbine. ("2 13)

Realistic troubleshootrng is an orderly sequence of mental and physi :al actions cnding with the identification and
elimination of a system malfunction. ("3 1) B '

The three main categorres of malfunctions found in the ac power system are frearuency, voltage, and load division.
(23-3)

Y

Frequency malfunctions are nortnally caused by the com!ant speed drive or the frequency and load control box.
(234) ' %

The VR SP, the gcnerator or in some cases the gencrator drive, usually cause high- or low-voltage malfuncuons

' ("36) N

81.

Current transformers are the causq_ of many load division circuit malfunctions because their characteristics are .
easily changed by incorrect installation or failure to short thein before operating the affected system. (23-9) ' }
: |

CHAPTER 10 : , |

In the Edison thermocouple system cach engine has three zones or circuits. (24-3)




/33

2. The difference in temperature rise between the hot and cold junctions of the thermocouple can produce up to
50 millivolts. (24-4)

3. The operauon of the photoelectnc fire detector system depends upon thc vmvmg radratxon of the flime. (24.6)
4. When heated the ceramic decreases in resistance untii current ﬂows buwccn the wires. (24-10)

5. The system can be divided into four basic circuits as follows: power supply circuit, sensing circuit. amplifier ‘
" circuit, and warning circuit. (24-10) ’ : ) '

0 . # .

6. The two amplifiers Q1 and Q2 are direotly coupled. .(2¢@l4; Fig. 78)

7. Transistor Q2 is normally reverse-biased, which puts it ul c;tol'l'. (24-14)

8: The fire warning light circuit is completed when relay K1 is éne*rgized. (24- ly7: Fig. 78)
9. Corrosion control of the l'rre warning system is often overlooked: (24-1‘9:) “

‘10, This system is designed to caution the aircrew that an unsal'c or potentially unsafe condition exists, (25-1)

~ 11. The master caution circuitry can be divided nto the following three separatu circuits: the individual caution
light circuit, the master caution light circuit, and the reset circuit. (25.3) .

12. The Zener diode funcuons as a voltage regulator to dim the individual caution lnghts (254; Fig. 79)

13. The silicon controlled rectlﬂer SCR?2 fires and forward-biases transistor Q1. '.’5-9:*Fig. 79)

i . .
14. ‘The reset circuit has no cffect on the indiridual caution lights. it will ()nly turn of" the master caution light,
(25-13) : : ' .

15:. One of the methods used to supply fuel to the engine is the two ac.motor-driven boost pumps located in the
bottom of the number 1 fuel cell. The other method is gravity feed system which will supply sufticient fuel
to operate the engine at fower power settings. (26-3)

f 4

16. For the boost pumps to operate with external power apRlicd, the following conditions must exist: when either
engine master switch is placed in the ON position, when t grour;(l'uclmg switch is placed in either the REFUEL
or DERUEL position-with both engine master switches off, When cither boost pump check switch is placed in the
CHECK position. (26-5) .

A 17.a F. d. T. N
b, T. e. T.
c. F. f, T.
(26-9:FO.15) ' -

18. False. The external fuel lights come on only when fuel flow stops (26-12:F0 16)

19. Fuel is transferred from the external system into the aircraft by ar prc sstirey (20-1.3)
20. All tanks contain a float assembly which actuates a l"\i'L light in thc cockpit, (26- l3)
21. When the air refuel switch is moved to the EXTEND position. the number | solenoid 1. the nos/le lock sequencing

-valve is energized to extend the receptacle. (26-16; Fig. 80)

1
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25.

2.

32

33,

When refueling is completed, a disconnect action can be initiated from either the receiver aircraft or the - / 3

tanker, (26-17) [ -

: Cy
The nosc gear steering system may be cnergized when the nose gear is down #nd locked and the main gear
struts arc compressed. (27-2) '

In the event of an open or short cirquit in one of the inputs to the control unit, a2 failure detection network
detects this and removes hydraulic pressure from the steering system. (27-3)

1

The servo valve is subjected to a differential current detemﬁned by the positioning of the cornm.;md potentiometer.

(27-4) , | | . -

Because SCR2 is self-healing, when the cause for failure is removed, the system can be recycled and normal operation
resumed. (26-7) '

.. The nose gear steering switches, when depressed, apply powef to the control unit. (27-9)

The 500-ohm fesistor is placed in series with the wiper arm to protect it. (27-10; Fig.: 82)
The output of the wiper arm of the followup potentiometer determines the degree of turn of the nose wheel. (27-11)

Resistor capacitor, (27-14)

. The expert knows there are four parts in troublethooting. These are: knowing in detail how the system works, knowing

how to use the test equipment, using teghnical orders and maintenance manuals effectively, and logically analyzing the
information he obtains from the malfunctioning system. (28-2) e

When you determine the broad limits where the defects or difficulties may be located, it is called the area of uncertainty.
(284) '

You can obtain at least two benefits by using brackets. First, determining the area of uncertainty makes it easier to avoid
pointless checks. Secondly, the brackets are an aid in selecting the best check from among the possible good checks. (28-6)

81 .
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60.

62.

Chapt.er 5. .

57. (113) What is the voltage drop across the meter
movement of an ammeter having an internal
shunt with a voltage drop of 0.0} volt at 100

_ microamperes?
a. 0.0} -volt.
b. 0.001 volt.
c.  0.00001 volt.
d. 0000001 volt,

megger to test insulation
item that requires special

58. (112) When/usin
resistance,
attention is the

output voltage of the megger.
temperature of the item under test,
strength of the permanent magnet.
speed at whib ihe hard crank is turned.

a0 ow

59, (112) So they may cover a wie range ofvalues
most ohmmeters are equipped with

multiple scales. ' 65.

an external shunt,

a
b. a mirror,
c

d. a scale multiplication feature,

88

an o

63.

64,

(113) What value of shunt resistance wou!d you
use with a4 meter mcvement that draps Q.01 volt

" at full scale deflection and is going (o he ised -

as a 100 ampere meter? .

\/’ -
a. 0.000! ohm. '
b. 0.001 ohm. ;
¢. 0.0002 ohm.
d. 0.002 ohm. )

(112) Which resistance measunng gvu.c is thc
most accurate?

Megzger.

Ohmmeter,
Dynamoimneter.
Wheatstone bridge. \

(112) An adjustable shunt is prov:dcd on br\dg. )
type measuring devices to

a. " protect the detector unit,.
b. provide runge selection.

¢.  balance the bridge, ‘
d. provide un accurate reading, = i

. i

(112) Why should you move the ﬁ?gc selector '
switch on the ohmmeter away from the I
low-ohm ~scale position when you have |
completed your check? \

a.  The batteries would overcharge.
b. To reduce constant Now,

¢. The movement would not be ,ox.
d.  The pointer would stay far to tfie rig

(115) What is the major operational differenc
between the PSM.20B and the Electrical
Test Harness?

designed for in-shop/
testing f
b.  The PSM.20B is capable of locking out an/{
overriding system problems, /
The Electrical Power Test Harness was
primarily designed for flight line use/
d. The Electrical Power Test Ham;& I3
~ capable of more thorough CSD ‘esting.

a. The” PSM-20B

(]

(114) The sensitivity of a voltmeter is/,é'xpressed
in ‘ /
,//

a, percentage, /

11,

-~




67.

-68.

69.

- 70,

7L

b. Millivoits.
c. microamps per. volt.

d. ohms per volt.

(114) Why should ‘an oscilloscope not be
_ope;qted with the case removed?

It presents a shock hazard.

1t will, cause erroneous readings.
Outside fields will affect the CRT.
The low amplitude test signal
affected.

a0 ow

ill} be

(112) The ‘accuracy of measurements mad
the Wheatstone bridge is independent of the

value of the supply voltage.

resistance of the test leads.

security of the binding posts.

value of the resistance .to be measured.

apow

(113) How should' current  measuring
instruments be cornected to a circuit?

In shunt.
In series.
In parallel.
In series-par

(114) The purpose of the sweep generator signal
in the oscilloscope is 1o

reduce persistence.

increase tube sensitivity.

establish time.base on the verfical axis.
establish time-base on the horizontal axis.

oo ow

(114) The reason for grounding the VTVM ac
probe after checking a circuit where high dc
voltage was present is to

reset the meter movement.

remove the negative grid bias.
discharge the coupling capacitor.
. break the circuit at ground potential,

(114) The electronic process Jorming,
focusing,  accelerating, trolling, "g»and
deflecting the electron beam is accomplished by

what unit in the cathode ray tube?

a0 ow

Electron gun.

Aquadag coating.
Deflection system,

The accelerating anode,

a0 ow

'

72

ith

89

73.

74.

Note to Student:

(1132) If a high degree of precision is not
required, when measuring resistance, you should
choose :

\‘.

. a. a megger.

b. a test light.
c. an ochmmeter.
eatstone bridge.

. Chapter 6
/ .
(117) Who is responsible for the statement "The
algebraic sum of the currents at any junction

of conductors is zero™?

“ Lenz.

a.

b. Kirchhoff.
c. -Ohm.

d. Farxday.

(117) When 10 volis are applied across a 5 ohm
re:i;t'ce, the current in the resistor equals

a. 2 amp. / _

b. 5 amp. ‘
.c. 10 amp. ‘ :
d. 15 amp.

Use figure 38 in illustration

booklet 10} as an aid when responding to items 75
and 76.. However, for P, use the value 40 and for
P, the value 15 as the respective pole strengths of
the magnets. Keep both magnets 10 cm. long and
oriented as shown in figure 38, except their north
poles are 5 cm. apart.

75.

76.

-

»

(116) What is the npproximnte total force of
attraction for th€ circult in figure 38, using the
substituted values in the figure?

a. - 0.67 dyne.
b. 2.67 dynes.
c. 5.33 dynes.
d. 10.60 dynes. .

(116)What is the approximate total net force
(attraction or repulsion) of the circuit in figure
38, using the substituted values in the figure?

5.33 dynes of repulsion.
5.33 dynes of attraction.
19.63 dynes of repulsion.
19.63 dynes of attraction.

anoom




77. (jll?)Ma constant source of vdltage is’

pplied across a decreasmg resistance, the power
supplied by the voltage source

"8, ‘decreases because there is less current.
increases because there is more current.

c. stays the same although -the current

decreases. o
d. stays the same although the current
increases,

~78. (146)The smallest a magnet can be broken down

and still retain its north and south pole is

a. an atom.

b. a proton.
c an electron.
d. a molecule.

79. (116)The tendency of a!ubstance to expand
© and contract when being magnemed is known
as

N {
a.  paramagnetic. '
b. magnetomotive, _
Cc. magne tostric tion,
d. magnetic induction.

~

Note to Student: Refer to figure 48 in illustrations
booklet 101 as an aid when responding to item 80.
However, for certain values given in the figure
substitute the following: battery | is 28 volts and
its internal resistance is 0,2 ochm, battery 2 is 60 volts
and its internal resistance remains 0.3 ohm. The
fixed resistance between points A and B is 80 ohms.

80. 1(119) Using the substituted values in figure 48,
what is the*approximate value of the current
through the fixed resistor between points A and
B?

a. 0.112 amp.,
b. 0509 amp.
c. 1.362 amp.
d.  3.004 amp.

81, (119) In the two equations 6y - 2x = O and

3x - 4y - 20 = 0, what values have x and y?
a x-3,y-l.

b. x-6,y-2\‘

. x=9,ya3,

d x=12, vy =4

- 437

82. (117) A battery is placed in a circuit with the _
reference point on the negative ierminal. What
direction is the battery poled?

a. In the positive direction.
In the negative direction.
The reference pomt has no effect on the
banery .
d. A battery is aJways poled in the negative
direction only.

83. i117) The nearest appr ach to the production
' of pure direct current is the clecmcal energy
from
a.  a dry disk rectifier,
b. a shunt type generator,
c. a dc inverter.
d. the chemicaJ reaction in a battery,

9

84, (117) When \mrkmg with current or voltage,
* amplitude is the characteristic whlch represents
-3
a. intensity. ' ,
b. velocity, '
c. density. ’ -
d. time. ’

Note to Student: Refer to figure 45A in illustrations .
booklet 101 as an aid when résponding to item 85,

85. (118) Refer to figure 45A. What is the current
flow between points B and C and between
points D and c?

2. lIge = 139 amps Ipc = 1.926 “amps.

b. lgc = 1.82amps Ipc = 7.88 amps.

c. IBC = 1,926 amps Ipc = 1.39 amps,

d. lIgc = 7.88 amps Ipc = ’|.82 amps.
Chapter +7

86. (120) The difference between ac and dc voltage
‘s> that

ac volitage has a constant. value,
ac voltage alternates its direction,
dc voltage reverses its direction.
ac voltage has constant polarity,

&% o e

(12') If a apacitor is being charged by means
of a battery, elecirons will flow from the

A @
-

“
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a. negative side of the battery, through the
© capacitor, to the positive side of the
battery.
b.  positive dde of the battery to one side of -
" . the capacitor, while other electrons flow
from the other side of the capacitor to the,
negative side of the battery.
c.  negative side of the capacitor, through the
battery, to the posmved nde of the
capacitor. A
negative side of the battery to one side of
the capacitor, while other electrons flow
from the other side of the capacitor to the
positive side of the battery.

88. (120) The unit of measure of capacitance is the

z

a. ohm
b.  henry.
c farad.
% d.  maxwell.

89. (120) A capacitor is composed of

a2  two pneces .of conductin; material
separated by an insulator.

a piece. of material which has a great
amount of resistance.

c. a piece of conducting material which can
carry a luge amount.of current.

two pieces of conducting material that
connect a battery to a very small resistance.

b.

90. (121) Ina parallel-tuned circuit at the resonant
frequency, phe '

line current is maximum.

line current is minimum. .
tota) impedance is minimum.

inductive branch currept is minimum.

a0 o

91. (120) When a voltage value is preceded by the
letter "e", the value indicated is

W

a. peak.

b. average.

c. Instantaneous.
- d

roo! mean square.

92, (120) To be in phase, two voltages or currents

must
a? have the same values for each
" corresponding value of 0. « o
b. have opposite  values for - each
corresponding value of 0. ' >
; 9}

c.  attain their greatest and lem values for the / '7 0

same values of 0.

d. start from zero in a positive direction at

1 the same time.

93. (121)*In a paullel—(uned circuit lt resbnxnt

frequency, the . .
a.  total hnpedancé.is maximum.
b. total impedance is minimum. -
c. line current is fmum. :
d. capacitive bra current is minimum.
Chapter.8 i
94. (122) The voltage regulator maintains a constant -
voltage output of a dc generator by controlling .
" the N o : ’
a. generator field current. " .
.b. - current through the armature. '
c. strength of the series field.
d. resistance of the field and armature circuit.
' 95. (123) Corrosion should be removed from the .
terminals of a lead-acid battery by use of
a. = a wire brush. ’
b. sodium bicarbonate. .
c. liquid cleaner, PS661.
d. - a stiff non-metallic brush. -
96. (122) In a dc system, when should the generator
field circuit breakers be placed in the OFF
position? . .
During normal system shutdown. p

In the event of a malfunction. / N
When the field relay is tripped.
During a systems operational check.

a0 ow

97. (122) The differential current fault-sensing relay °
in the dcigenerator circuits operates when there
is a substantial difference in current between the

series field and the bus.

shunt field and the bus. \
. battery and the generator shunt field.

battery and the generator series field.

an ow




98. (l@’Opeming the generator switch to the
momentary down pusition w:ll do which of the

99, (123) When should an installed alrcmf( baltcry " :
be replaced? )

100.

101,

102.

f'ollowmg"
Trip' the armature shunting relay,
Close the forward current relay. .
Flash the generator field. 104,
Trip the field relay, -

an oe

vl

When it. becomes necessary to add .water,

a.
b. When the specific gravity reads 1,240 ur -
, below, - ! : : ‘ )
c. . When the specific gravity reading 1s below 105,
1.275. ; ‘
d.  When the battery sump jar nceds to be
serviced, ) ,
(124) Any condinon that will _impose a
shock load on a generator may cause
g o
a.  shaft fadure, 106,
b. brush failure,
c.  bearing failure, o ’
d. regulator failure, |
(122) Following a feeder fault, how is the
forward-current relay in the dc gencrator cireunt
reset?
a, By the armature shunting relay. .
b.  Electrically by the fleld relay t107
¢.  Manually by a button on its case..
d.  Electrically by the generator switch,

(124) Which of the following will cause u

zero voltage output from a dc generator?

N a, An open field [ead. )
Z'k “ b, A shorted generator switch,
c. An open voltage col oircunt ¢
d.  Broken generator shatl. \
. Not
103, (122) Dunng parallel generator operation, book
the voitage regulators equalize the output of the and
generators by
108

O

ERIC
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o

generator,

increasing the field current of the low

only, :
increasing  the field current of the lugh
germrator, and decredsing the ficld current
of the low genertnr

{

():

¢ reducing the Deid current - all enerators
operating in pacaliel,

d. reducang the tield currer topr the bl
generator, and.increasing the field currer:
ol the - fow generator,

y
(123) What type ol potective device n
used IN{he distribution system which will alloe:

.

I Switchetype cireunt: breakers.
b, Thermal-vpe automatic cieuit breakers
¢ Cunent imiters,’

d.  Spegualprotection type reluys, T ’

.

: I
(124, When cheeking  pederator s_vstc;}1
r a high voltage 'malludction e

an olimmicter,

i, "
b. a’'valtmeter,

¢ an ammeter,,

d. @ megper.

(123) What are the s«:clibn.ahung rclnysﬁ}
the dc power distribution system used 1o -
1solate?

I3

Ca. The nacelle hiises from the matn hus,

o

The generator feeder from the main bus

The inatn bus” from the cxternal power

systen.

d.  The generator feeders in the naa.cllc bus
(122) At what mimmum - ultage “do the

cqualiver relay contacts in “the de generator

cireutt normally close?

c

h ]
a. |6.
b, 18. '
¢, 20,
S0 . )

Chapter 0 g
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n Student  Refer o foldon: 13w itlustrations
iet 102 us un wid when responding 10 tems 108
Iy -

(129) Refer to foldout 13 Which of the
following sets of warming lights will be
extinguished wlien the left generator is put on
the ling?

-

and RHGLN OUT

1}

d LD GENS OUT

15

.



~Note -to Student:

' lh‘ugh 14,

\ ' -

b. RI GEN OUT and BUS TIE CLOSED.

¢. RH GEN OUT and BUS TIE OPEN. .

d. LH GEN OUT and BUS TIE OPEN.
109.  “(129) Refer to foldout 13. What is the
) purpose of the GCR-2 contacts?

a o encrgize LLC-10 contact. )

b. “To ground the bridge rectifier.

c. To energize the tie contactor..

d.. To apply excitation. voltage to the

generator. '

Note to *Student: Refer to foldout i4 in the

illustrations ‘bookiet 102 as an aid when rcspondmg
to item 110,

110. (130) Refer 1o foldout 14 Which of the

following conditions will cause 28 vdc to be -

pbl{cd to the battery bus?

ja. " RH ignition switch energved

b - LH ignition4switch energized.

c.” Ground fueling control switch off.
d. Lefr en%ine master switch energized.

Refer to foldout 4 in illustrations
booklet 102 as an aid when responding to items 111

1. (126) Refer to foldoul 4 Polamy of the
error sensing bridge output is determined by the

current amplifier.”

direction of generator voltage error.
. time constant of Rl and-Cl.

PMG transformer rectifier.

ac oe

(126) Refer to foldout 4. The type of
wave form which is applied !'o the error sensing
_ bridge ix known as :

®

a. half.

* b, square.
c. sawtooth.
d. sinusoidal.”

¥'a

4
(126) Refer to foldout 4. The excitation

-from transistor Q3 to the generator is a pulsating

negative dc voltage in the -form of a

113.

i

a. full wave.
b. square wave.
c.  half wave.
. d. saw-tooth wave,

.

A N o
114, (126) Refer to foldout 4. What'is the
. ‘purpose of Rl1-and CIl in this circuit? ..

a. _, Signal rectifier. .
~b.  Current sensing.
c. Wave. shaping. -

d. Time delay.

Note 1o Sludent
booklet 102 as an aid when respondlng to items 115
" and 116. -

<

115.  (128) Refer to foldout 8. Which of the

Refer to foldout 8 in ﬂlustratlonsv ’

following transistors is part of the power output '

*‘and mixing circuit?

w

- a.  Q20lI.
b.. Q30lI.
¢. Q504.
d. Qe0l.

(128) Refer to foldout 8. Which of the

116.
- following components is part of the dc power

supply in the frequency and load control box?

a. Tuning fork.
b. Signal amplifier:
c. Frequency divider.
d. “Transformer rectifier.
S 117, 4 (127) When a generator is tripped from the
line the current transformer loop ‘
a. is opened.
b. is grounded. .-
c. is shorted.
e d. continues to operate.
Chapte“r 10
118. (134) The three external fuel lights come
on when
a. the tanks are armed
b. fuel flow stops from each tank. .
c. the external tanks have been.jettisohed.
d. the aircraft is in refueling operation..

o
AN

w 9
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119. (134) Which of the fouowmg conditions

o

e

a. gravity feed. e
R will cause the hydraulic transfer pumps in the b. electric pumps. : ' ' Sy
fuselage fuel supply system to opemte’ C.  air pressure, )
d.  hydraulic’ “pumps.
a. 100% rpm on both engmes
: b. Afterbumer in operation on' either engine: : ’
s c. Upon. completion of an air ~ refuel . ' ' : . B
{ ' . -operation. - : ’ ‘ '
‘ * d. Fuelin the external !anks falls below 11800
. . pounds. - = »
) 120. (132) In a continuous cable fire warmng ' - . o o
system the ‘sensing clements undergo - what ‘ ' |
changes when heated?® , ey, ‘
a. Decrease in reactance. C o : ’ o R ‘
. b. - Decrease in- resistance. : : ' . ' _ : : - |
¢. Increase in reactance. " . : - : o : l
) .. d. Increase in resistance. S l
121 (135) What will be the"result nfa nose gear o o R i
o steermg switch fails to make? . - s ' |
. LN T . . . \-
a. The system will be iocked out. - : h :
. The system will ‘be locked in. ‘ ) C )
¢. - The power supply A2 will mcrease/l(, ! X
- output. S o
d. The.nose wheel will lock in the direction ' o . . RN
- of the open switch. . ' L ,
122. (135) In t‘xe nose: gear sizering syster,
what happens when the voltage from the .
follow-up potentiometer equals the voltage from . . . -
the command potenhomcte"’ o ®. '
' 2. The nose wheel returns to center. ) ‘
b. The system disengages, - v .
. The servovalve directs hydraulic flow to the ) . .
vane motor. ' o
The nose wheel remains at the desired '
degree. of turn. - ) T
: "
(l3—y) The buosz surmnps in the engme fuel ) |
{ced system cperate iy when ) ’ . J;
¥ | . _ . - |
external power is not being\applied.
the aircraft is in normal flight ] :
external power is apriied and ‘,uher master . - o
switch is.on. o ' !

internal power is applied, both master ;
switchy are off, and the refuel switch is off.

124 (134) Fuel'is transferred fiom the external
fuel system by

»
v
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Figure 35. Electrical power test harness.
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Figure 83. Followup potentiometer,
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