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PREFACE

This training course is written for men of the U, S. Navy and Naval
Reserve who are interested in qualifying for IC Electrician Third and
Second Class. Combined with the necessary practical experience, this
training course will aid you in preparing for the advancement-in-rating
examination,

The qualifications for advancement are listed in the Manual of Quali-
fications for Advancement in Rating, NavPers 18068-B. Because examina-
tions for advancement in rating are based on these qualifications, you
should refer to them for guidance.

This training course was prepared by the Training Publications
Division, Naval Personnel Program Support Activity, Washington, D, C.,
for the Bureau of Naval Personnel. Technical assistance was provided
by the IC Electrician School, Naval Training Center, Great Lakes,
Ilinois; the Bureau of Ships; and other activities cognizant of IC equip-
ments and the duties of IC Electricians.

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON: 1966
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THE UNITED STATES NAVY
GUARDIAN OF OUR COUNTRY

The United States Navy is responsible for maintaining control of the sea
and is a ready force on watch at home and overseas, capable of strong
action to preserve the peace or of instant offensive action to win in war.

It is upon the maintenance of this control that our country’s glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy's heritage from the past. To
these may be added dedication, discipline, and vigilance as the watchwords
of the present and the future.

At home or on distant stations we serve with pride, confident in the respect
of our country, our shipmates, and our families.

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with honor.

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea, under
the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Navy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.

iv




READING LIST

NAVY TRAINING COURSES

Basic Electricity, NavPers 10086-A

Basic Handtools, NavPers 10085-A

Blueprint Reading and Sketching (chapters 5 & 8), NavPers 10077-B
Introduction to Electronics (chapters 1 thru 6), NavPers 10084
Standard First Aid, NavPers 10081-B

Mathematics Vol 1, NavPers 10069-B

Mathematics Vol 2, NavPers 10071-A

OTHER PUBLICATIONS

Projectionist’s Manual, NavPers 91983-A

Bureau of Ships Technical Manual, chapters 9003; 9004; 9650; 9850;
9450 (sections 1, 2, and 3); and 9880 (section 3 part 2)

USAFI TEXTS

United States Armed Forces Institute (USAFI) courses for addi-
tional reading and study are available through your Educational
Services’ Officer.* The following is a partial list of those courses
applicable to your rate:

D290 Physics I

cn81 Fundamentals of Electricity
C858 The Slide Rule

D435 Plane Trigonometry

¥ ‘‘Members of the United States Armed Forces Reserve components,
when on active duty, are eligible to enroll for USAFI course, serv-
ices, and materials if the orders calling them to active duty specify
a period of 120 days or more, or if they have been on active duty for
a period of 120 days or more, regardless of the time specified on
the active duty order.”
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CHAPTER 1

ADVANCEMENT

This training course is designed to aid you in
preparing for advancement to IC3 and IC2. There
are many requirements for advancement,and they
are discussed in this chapter. The professional
(technical) requirements for advancement to IC3
and IC2 used as aguide inthe preparation of this
training course are listed in Group VII of the
Manual of Qualifications for Advancement in
Rating, NavPers 18068-B.

Chapters 2 through 16 of this training course
discuss various shipboard equipments and sys-
tems that are maintained by IC Electricians.
The principles of operation are presented along
with operating procedures, safety precautions,
and maintenance information., Chapter 17 pre-
sents additional maintenance information con-
cerning IC equipments, and includes special re-
pair techniques for transistorized and printed
circuits,

The remainder of this first chapter contains
information that will help you in preparing for
advancement, Study this chapter carefully before
beginning intensive study of the remainder of
this training course.

THE ENLISTED RATING STRUCTURE

The two main types of ratings in the present
enlisted rating structure, are general ratings and
service ratings.

General ratings identify broad occupational
fields of related duties and functions. Some
general ratings include service ratings; others
do not. Both Regular Navy and Naval Reserve
personnel may hold general ratings.

Service ratings identify subdivisions or spe-
cialties within a general rating, Although
service ratings can exist at any petty officer
level, they are most common at the PO3 and
PO2 levels, Both Regular Navy and Naval
Reserve personnel may hold service ratings.,

'THE IC RATING

The IC rating, a general rating only, was
established in 1948, Interior Communications
Electricians maintain and repair IC systems,
gyrocompass systems, navigation systems, am-
plified and unamplified voice systems, alarm
and warning systems, and related equipment.
Interior Communications rates are included in
the personnel allowance for practicallyall types
of Navy ships including submarines.

Classification codes for the IC rating are
listed in Group VII of the Manual of Navy En-
listed Classifications, NavPers 15105 (revised).
Included are IC classification codes for jobs
that require special training such as automatic
telephone repairman, closed circuit TV tech-
nician, gyrocompass repairman, optical landing
system technician, and submarine steering and
diving control technician,

The IC Electrician must have a good working
knowledge of the basic principles of electricity
and electronics. The courses listed in thefront
of this training course will be helpful to you in
acquiring this knowledge.

Also upon advancement to IC3, you will be
graded on your leadership and supervisory
ability as well as your ability to perform your
technical duties. Leadership principles and
their application are discussed in Milita
Requirements for Petty Officer 3 & 2, NavPers
10056 (revised).

ADVANCEMENT IN RATING

Some of the rewardsof advancement in rating
are easy to see. You get more pay. Your job
assignments become more interesting and more
challenging. You are regarded with greater
respect by officers and enlisted personnel. You
enjoy the satisfaction of getting ahead in your
chosen Navy career.,
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But the advantages of advancing in ratingare
not yours alone, The Navy also profits. Highly
trained personnel are essential to the functioning
of the Navy. By eachadvancement in rating, you
increase your value to the Navy in two ways.
First, you become more valuable as a technical
specialist in your own rating., And second, you
become more valuable as a person who cantrain
others and thus make far-reaching contributions
to the entire Navy.

HOW TO QUALIFY FOR ADVANCEMENT

What must you do to qualify for advancement
in rating? The requirements may change from
time to time, but usually you must:

1, Have a certain amount of time in your
present grade.

2. Complete the required military and pro-
fessional training courses.,

3. Demonstrate your ability to perform all
the practical requirements for advancement by
completing the Record of Practical Factors,
NavPers 760.

4, Be recommended by your commanding
officer, after the petty officers and officers
supervising your work have indicated that they
consider you capable of performing the duties
of the next higher rate.

5. Demonstrate your knowledge by passing
a written examination on (a) military require-
ments and (b) professional qualifications.

Some of these general requirements may be
modified in certain ways. Figure 1-1 gives a
more detailed view of the requirements for
advancement of active duty personnel; figure
1-2 gives this information for inactive duty
personnel.

Remember that the requirements for ad-
vancement can change, Check with yourdivision
officer or training officer to be sure that you
know the most recent requirements.

Advancement in rating is not automatic. After
you have met all the requirements, you are
eligible for advancement. You will actually be
advanced in rating only if you meet all the
requirements (including making a high enough
score on the written examination) and if the
quotas for your rating permit your advancement.

HOW TO PREPARE FOR ADVANCEMENT
What must you do to prepare for advancement

in rating? You must study the qualifications for
advancement, work on the practical factors,

study the required Navy Training Courses, and
study other material that is required for ad-
vancement in your rating. To prepare for!
advancement, you will need to be familiar with
(1) the gu_als Manual, (2) the Record of Practical
Factors, NavPers 760 (3) a NavPers publica- '
tion called TraininLPublications for Advance- !
ment in Rating, NavPers 10052, and (4) appli-
cable Navy Training Courses. Figure 1-3
illustrates these materials; the following sec-
tions describe them and give you some practical :
suggestions on how to use them in preparing for -
advancement,

The Quals Manual

The Manual of Qualifications for Advance-
ment in Rating, NavPers 18068B (with changes),
gives the minimum requirements for advance-
ment to each rate within each rating. This
manual isusually called the ‘‘Quals Manual,’’ and
the qualifications themselves are often called
‘‘quals.’”’ The qualifications are of two general
types: (1) military requirements, and (2) pro-
fessional or technical qualifications.

Military requirements apply to all ratings
rather than to anyone particular rating. Military
requirements for advancement to third class and
second class petty officer rates deal with mil-
itary conduct, naval organization, military jus-
tice, security, watch standing, and other subjects
which are required of petty officers in all rat-
ings.

Professional qualifications are technical or
professional requirements that are directly
related to the work of each rating.

Both the military requirements and the pro-
fessional qualifications are divided into subject
matter groups; then, within each subject matter
group, they are divided into practical factors
and knowledge factors., Practical factors are
things you must be able to do. Knowledge
factors are things you must know in order to
perform the duties of your rating.

The written examination you will take for
advancement in rating will contain questions
relating to the practical factors and the knowl-
edge factors of both the military requirements
and the professional qualifications. If you are
working for advancement to second class, re-
member that you may be examined on third
class qualifications as well as on second class
qualifications.

The Quals Manual is kept current by means
of changes. The professional qualifications for
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But the advantages of advancing in ratingare
not yours alone. The Navy also profits, Highly
trained personnel are essential to the functioning
of the Navy. By eachadvancement in rating, you
increase your value to the Navy in two ways.
First, you become more valuable as a technical
specialist in your own rating. And second, you
become more valuable as a person who cantrain
others and thus make far-reaching contributions
to the entire Navy,

HOW TO QUALIFY FOR ADVANCEMENT

What must you do to qualify for advancement
in rating? The requirements may change from
time to time, but usually you must:
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2. Complete the required military and pro-
fessional training courses.

3. Demonstrate your ability to perform all
the practical requirements for advancement by
completing the Record of Practical Factors,
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consider you capable of performing the duties
of the next higher rate.

5. Demonstrate your knowledge by passing
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Advancement in rating is not automatic. After
you have met all the requirements, you are
eligible for advancement. You will actually be
advanced in rating only if you meet all the
requirements (including making a high enough
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What must you do to prepare for advancement

in rating? You must study the qualificationsfor
advancement, work on the practical factors,

study the required Navy Training Courses, and
study other material that is required for ad-
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cable Navy Training Courses, Figure 1-3
illustrates these materials; the following sec-
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The Manual of Qualifications for Advance-
ment in Rating, NavPers 18068B (with changes),
gives the minimum requirements for advance-
ment to each rate within each rating, This
manual isusually called the ‘‘Quals Manual,’’ and
the qualifications themselves are often called
‘‘quals.’’ The qualifications are of two general
types: (1) military requirements, and (2) pro-
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rather than to anyone particular rating. Military
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related to the work of each rating.

Both the military requirements and the pro-
fessional qualifications are divided into subject
matter groups; then, within each subject matter
group, they are divided into practical factors
and knowledge factors. Practical factors are
things you must be able to do. Knowledge
factors are things you must know in order to
perform the duties of your rating.

The written examination you will take for
advancement in rating will contain questions
relating to the practical factors and the knowl-
edge factors of both the military requirements
and the professional qualifications. If you are
working for advancement to second class, re-
member that you may be examined on third
class qualifications as well as on second class
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The Quals Manual is kept current by means
of changes. The professional qualifications for




Chapter 1—ADVANCEMENT

ACTIVE DUTY ADVANCEMENT REQUIREMENTS

REQUIREMENTS * | E1 to E2 [E2 to E3 [E3 to E4 |E4 to ES|ES to E6 |1E6 to E7 |t E7 to EB|f E8 to E9
4 mos. 48 mos. | 24 mos.
service— as E-7. | as E-8.
or 8of11 [100f13
SERVICE comple- | & mos. 6 mos. (12mos. |24 mos. | 36 mos. | years | years
tion of |08 E-2. |asE-3. |asE-4. fasE-5. | asE-6. | total | total
recruit service | service
fraining. must be | must be
enlisted. | enlisted.
Class A Class B Must be
SCHOOL Recruit for PR3, for AGCA, p:::: i
Training. DT3, PT3. MUCA, int
AME 3, MNCA. | “PPot
HM 3 ment.
Locally
PRACTICAL  |prepared Records of Practical Factors, NavPers 760, myst be
FACTORS check- completed for E-3 and all PO advancements.
_offs.
Specified ratings must complete
PERFORMANCE applicable performance tests be-
TEST fore taking examinations.
ENLISTED As used by €O | 0,04 toward perf f it i
. performance factor credit in ad-
g::gmi w:::ozr:':;\:;lg vancement multiple.
EXAMINATIONS | Locolly prepared Navy-wide exominations required :m':’;d;;m 4
tests. for all PO advancements. and physical. !
. Correspondence
NAVY TRAINING Required for E-3 and all PO advancements courses and
COURSE (INCLUD- unless waived because of school comple- recommended
ING MILITARY Yion, but need not be repeated if identical reading. See
REQUIREMENTS) course has already been completed. See |\ oore 10052
NavPers 10052 (current edition). (current edition).
(on:;:::lmg U.S. Naval Examining Center| Bureau of Naval Personnel
AUTHORIZATION | 1aps attached to the air program are advanced to fill
vacancies and must be approved by CNARESTRA.

* All advancements require commanding officer's recommendation.
t 2 years obligated service required.

Figure 1-1.—Active duty advancement requirements.
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INACTIVE DUTY ADVANCEMENT REQUIREMENTS

REQUIREMENTS * EltoE2(E2t0 E3|E3 to E‘IH toES|EStoE6[E6to E7| EB E9

FOR THESE

DRILLS PER

YEAR
TOTAL 48 6 mos.| 6 mos. |15 mos. [ 18 mos. | 24 mos. | 36 mos. | 48 mos. |24 mes.
TIME 24 9 mos.| 9 mos. |15 mos. | 18 mos. {24 mos. | 36 mos. |48 mos. |24 mos.
IN NON-
GRADE DRILLING |12 mos. | 24 mes. | 24 mos. | 36 mos. |48 mos. | 48 mes.
DRILLS 48 18 18 43 54 72 108 | 144 72
f"mum 24 16 16 27 32 42 64 a5 32
GRADE t
TOTAL 48 14 days |14 days |14 days |14 days | 28 days (42 days |56 days |28 days
TRAINING 24 14 days | 14 days | 14 days | 14 days | 28 days |42 days | 56 days |28 days
DUTY IN NON-
GRADE t DRILLING | None | None |14 days |14 days | 28 days|28 days
::::somm performance tests before taking exomi-

nation.
mq ICAL FACTORS Record of 760, must be
(INCLUDING MILITARY for all ml voctical Facters, NavPors completed
REQUIREMENTS)
NAVY TRAINING
COURSE (INCLUDING Completion of applicable course or courses must be entered
MILITARY REQUIRE- in service record.
MENTS)
EXAM Standard used where available Selection
exoms are ",
INATION otherwise locally prepared exams are used. Board, and
Physical.

AUTHORIZATION District commandant or CNARESTRA Burseu of Nevel

* Recommendation by commanding officer required for all advancements.
1 Active duty periods may be substituted for drills and training duty.

Figure 1-2,—~Inactive duty advancement requirements.
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Figure 1-3,—~Materials used in preparing for advancement,
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your rating which are covered in this training
course were current at the time the course was
printed. By the time you are studying this
course, however, the quals for your rating may
have been changed. Never trust any setof quals
until you have checked it against an up-to-date
copy in the Quals Manual.

Record of Practical Factors

Before you cantake the servicewide examina-
tion for advancement in rating, there mustbean
entry in your service record to show that you
have qualified in the practical factorsofboththe
military requirements and the professional qual-
ifications. A specialform known as the record
of practical factors, NavPers 760, is used to.
keep a record of your practical factor qualifica-
tions. This form is available for each rating.
The form lists all practical factors, both
military and professional. As you demonstrate
your ability to perform each practical factor,
appropriate entries are made in the date and
initials columns.

Changes are made periodically to the Manual
of Qualifications for Advancement in Rating, and
revised forms of NavPers 760 are provided when
necessary. Extra spaceisallowedontheRecord
of Practical Factors for entering additional
practical factors asthey are published in changes
to the Quals Manual, The Record of Practical
Factors also provides space for recording
demonstrated proficiency in skills which are
within the general scope of the rating but which
are not identified as minimum qualifications for
advancement,

I you are transferred before you qualify
in all practical factors, the NavPers 760 form
should be forwarded with your service record
to your next duty station. Youcansave yourself
a lot of trouble by making sure thatthis form is
actually inserted in your service record before
you are transferred. If the form is not in your
service record, you may be required to start
all over again and requalify in the practical
factors which have already been checked off,

NavPers 10052

Training Publications for Advancement in
Rating, NavPers 10052 (revised), is a very
important publication for anyone preparing for
advancement in rating. This bibliography lists
required and recommended Navy Training
Courses and other reference material tobeused

by personnel working for advancement in rating.
NavPers 10052 is revised and issued once each
year by the Bureau of Naval Personnel. Each ;
revised edition is identified by aletter following !
the NavPers number. When using this publica- !
tion, be sure that you have the most recent |
edition,

If extensive changes in qualifications occur
in any rating between the annual revisions of
NavPers 10052, a supplementary list of study
material may be issued in the form ofa BuPers
Notice. When you are preparing for advance-
ment, check to see whether changes have been |
made in the qualifications for your rating. I
changes have been made, see if a BuPers Notice
has been issued to supplement NavPers 10052
for your rating.

The required and recommended references :
are listed by rate level in NavPers 10052,
I you are working for advancement to third
class, study the material that is listed for third
class., H you are working for advancement to
second class, study the material that is listed
for second class; but remember that you are
also responsible for the references listed at the
third class level.

In using NavPers 10052, you will notice that
some Navy Training Courses are marked with
an asterisk (*). Any course marked in this way
is mandatory—that is, it must be completed at
the indicated rate level before you canbe eligible
to take the servicewide examination foradvance-
ment in rating. Each mandatory course may be
completed by (1) passing the appropriate en-
listed correspondence coursethat isbasedonthe
mandatory training course; (2) passing locally
prepared tests based on the informationgivenin
the training course; or (3) in some cases, suc-
cessfully completing an appropriate Class A
school,

Do not overlook the section of NavPers 10052
which lists the required and recommended
references relating tothe military requirements
for advancement, Personnel of ALL ratings must
complete the mandatory military requirements
training course for the appropriate rate level
before they can be eligible to advance in rating.

The references in NavPers 10052 which are
recommended but not mandatory should also
be studied carefully. ALL references listed in
NavPers 10052 may be used as source material
for the written examinations, at the appropriate
rate levels,
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Chapter 1-ADVANCEMENT

Navy Training Courses

There are two general types of Navy Train-
ing Courses. Rating courses (such as this one)
are prepared for most enlisted ratings. A rat-
ing training course gives information that is
directly related to the professional qualifications
of one rating, Subject matter courses or basic
courses give information that applies to more
than one rating. -

Navy Training Courses are revised from
time to time to keep them uptodate technically,
The revision of a Navy Training Course is
identified by a letter following the NavPers
number. You can tell whether any particular
copy of a Navy Training Course is the latest
edition by checking the NavPers number and the
letter following this number in the most recent
edition of List of Training Manuals and Cor-
respondence Courses, NavPers 10061, (NavPers
10061 is actually a catalog that lists all current
training courses and correspondence courses;
you will find this catalog useful in planning your
study program.)

Navy Training Courses are designed to help
you prepare for advancement in rating. The
following suggestions may help you to make the
best use of this course and other Navy training
publications when youare preparing for advance-
ment in rating,

1, Study the military requirements and the
professional qualifications for your ratingbefore
you study the training course, and refer to the
quals frequently as you study. Remember, you
are studying the training course primarily in
order to meet these quals,

2. Set up a regular study plan. It will
probably be easier for you to sticktoa schedule
if you can plan to study at the same time each
day. I possible, schedule your studying for a
time of day when you will not have too many
interruptions or distractions.

3. Before you begin to study any part of
the training course intensively, become familiar
with the entire book, Read the preface and the
table of contents. Check through the index,
Look at the appendixes. Thumb throughthe book
without any particular plan, looking at the
illustrations and reading bits here and there as
you see things that interest you,

4. Look at the training course in more
detail, to see how it is organized. Look at
the table of contents again. Then, chapter by
chapter, read the introduction, the headings, and
the subheadings. This will give you a pretty

clear picture of the scope and content of the
book. As you look through the book in this way,
ask yourself some questions: What do I need to
learn about this? What do I already know about
this? Howisthis information related to informa-
tion given in other chapters? How is this in-
formation related to the qualifications for ad-
vancement in rating?

5. When you have a general idea of what is
in the training course and how it is organized,
fill in the details by intensive study. In each
study period, try to cover a complete unit—it
may be a chapter, a section of a chapter, or a
subsection, The amount of material that you
can cover at one time will vary, I you know
the subject well, or if the material is easy, you
can cover quite a lot at one time. Difficult or
unfamiliar material will require more study
time.

6. In studying any one unit—chapter, sec-
tion, or subsection—write down the questions
that occur to you. Many people find it helpful
to make a written outline of the unit as they
study, or at least to write down the most
important ideas.

7. As you study, relate the information in
the training course to the knowledge youalready
have, When you read about a process, a skill,
or a situation, try to see how this information
ties in with your own past experience.

8. When you have finished studying a unit,
take time out to see what you havelearned. Look
back over your notes and questions. Maybe
some of your questions have been answered,
but perhaps you still have some that are not
answered, Without looking at the training course,
write down the main ideas that you have gotten
from studying this unit. Don’t just quote the
book., I« you can’t give these ideas in your own
words, the chances are that you have not really
mastered the information.

9. Use Enlisted Correspondence Courses
whenever you can., The correspondence courses
are based on Navy Training Courses oronother
appropriate texts, As mentioned before, com-
pletion of a mandatory Navy Training Course
can be accomplished by passing an Enlisted
Correspondence Course based on the Navy
Training Course. You will probably find it
helpful to take other correspondence courses,
as well as those based on mandatory training
courses. Taking a correspondence course helps
you to master the information given in the train-
ing course, and also helps yousee how much you
have learned.
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your rating which are covered in this training
course were current at the time the course was
printed. By the time you are studying this
course, however, the quals for your rating may
have been changed. Never trust any setof quals
until you have checked it against an up-to-date
copy in the Quals Manual,

Record of Practical Factors

Before you can take the servicewide examina-
tion for advancement in rating, there mustbean
entry in your service record to show that you
have qualified in the practical factorsofboththe
military requirements and the professional qual-
ifications, A specialform known as the record
of practical factors, NavPers 760, is used to.
keep a record of your practical factor qualifica-
tions. This form is available for each rating.
The form lists all practical factors, both
military and professional. As you demonstrate
your ability to perform each practical factor,
appropriate entries are made in the date and
initials columns,

Changes are made periodically to the Manual
of Qualifications for Advancement inRating, and
revised forms of NavPers 760 are provided when
necessary. Extra spaceisallowed ontheRecord
of Practical Factors for entering additional
practical factorsasthey are published in changes
to the Quals Manual, The Record of Practical
Factors also provides space for recording
demonstrated proficiency in skills which are
within the general scope of the rating but which
are not identified as minimum qualifications for
advancement,

If you are transferred before you qualify
in all practical factors, the NavPers 760 form
should be forwarded with your service record
to your next duty station. You cansave yourself
a lot of trouble by making sure thatthis form is
actually inserted in your service record before
you are transferred. I the form is not in your
service record, you may be required to start
all over again and requalify in the practical
factors which have already been checked off,

NavPers 10052

Training Publications for Advancement in
Rating, NavPers 10052 (revised), is a very
important publication for anyone preparing for
advancement in rating, This bibliography lists
required and recommended Navy Training
Courses and other reference material to beused

by personnel working for advancement in rating.
NavPers 10052 is revised and issued once each
year by the Bureau of Naval Personnel. Each
revised edition is identified by aletter following
the NavPers number. When using this publica-
tion, be sure that you have the most recent
edition.

If extensive changes in qualifications occur
in any rating between the annual revisions of
NavPers 10052, a supplementary list of study
material may be issued in the form ofa BuPers
Notice. When you are preparing for advance-
ment, check to see whether changes have been
made in the qualifications for your rating. If
changes have been made, see if a BuPers Notice
has been issued to supplement NavPers 10052
for your rating.

The required and recommended references
are listed by rate level in NavPers 10052,
If you are working for advancement to third
class, study the material that is listed for third
class. H you are working for advancement to
second class, study the material that is listed
for second class; but remember that you are
also responsible for the references listed atthe
third class level.

In using NavPers 10052, you will notice that
some Navy Training Courses are marked with
an asterisk (*). Any course marked in this way
is mandatory—that is, it must be completed at
the indicated rate level before you canbe eligible
to take the servicewide examination for advance-
ment in rating. Each mandatory course may be
completed by (1) passing the appropriate en-
listed correspondence coursethatisbasedonthe
mandatory training course; (2) passing locally
prepared tests based on the informationgivenin
the training course; or (3) in some cases, suc-
cessfully completing an appropriate Class A
school,

Do not overlook the section of NavPers 10052
which lists the required and recommended
references relating to the military requirements
for advancement. Personnel of ALL ratings must
complete the mandatory military requirements
training course for the appropriate rate level
before they can be eligible to advance in rating.

The references in NavPers 10052 which are
recommended but not mandatory should also
be studied carefully. ALL references listed in
NavPers 10052 may be used as source material
for the written examinations, at the appropriate
rate levels.
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Navy Training Courses

There are two general types of Navy Train-
ing Courses. Rating courses (such as this one)
are prepared for most enlisted ratings., A rat-
ing training course gives information that is
directly related to the professional qualifications
of one rating, Subject matter courses or basic
courses give information that applies to more
than one rating. -

Navy Training Courses are revised from
time to time to keep them uptodate technically.
The revision of a Navy Training Course is
identified by a letter following the NavPers
number. You can tell whether any particular
copy of a Navy Training Course is the latest
edition by checking the NavPers number and the
letter following this number in the most recent
edition of List of Training Manuals and Cor-
respondence Courses, NavPers 10061, (NavPers
10061 is actually a catalog that lists all current
training courses and correspondence courses;
you will find this catalog useful in planning your
study program.)

Navy Training Courses are designed to help
you prepare for advancement in rating. The
following suggestions may help you to make the
best use of this course and other Navy training
publications when youare preparing for advance-
ment in rating.

1. Study the military requirements and the
professional qualifications for your rating before
you study the training course, and refer to the
quals frequently as you study. Remember, you
are studying the training course primarily in
order to meet these quals,

2, Set up a regular study plan, It will
probably be easier for you to sticktoa schedule
if you can plan to study at the same time each
day. I possible, schedule your studying for a
time of day when you will not have too many
interruptions or distractions.

3. Before you begin to study any part of
the training course intensively, become familiar
with the entire book. Read the preface and the
table of contents. Check through the index.,
Look at the appendixes. Thumb throughthe book
without any particular plan, looking at the
illustrations and reading bits here and there as
you see things that interest you.

4, Look at the training course in more
detail, to see how it is organized. Look at
the table of contents again. Then, chapter by
chapter, read the introduction, the headings, and
the subheadings. This will give you a pretty

clear picture of the scope and content of the
book. As you look through the book in this way,
ask yourself some questions: What do I need to
learn about this? What do I already know about
this? Howisthis information related to informa-
tion given in other chapters? How is this in-
formation related to the qualifications for ad-
vancement in rating?

5. When you have a general idea of what is
in the training course and how it is organized,
fill in the details by intensive study. In each
study period, try to cover a complete unit—it
may be a chapter, a section of a chapter, or a
subsection, The amount of material that you
can cover at one time will vary. If you know
the subject well, or if the material is easy, you
can cover quite a lot at one time. Difficult or
unfamiliar material will require more study
time.

6. In studying any one unit—chapter, sec-
tion, or subsection—write down the questions
that occur to you. Many people find it helpful
to make a written outline of the unit as they
study, or at least to write down the most
important ideas.

7. As you study, relate the information in
the training course to the knowledge youalready
have. When you read about a process, a skill,
or a situation, try to see how this information
ties in with your own past experience.

8. When you have finished studying a unit,
take time out to see what you havelearned. Look
back over your notes and questions, Maybe
some of your questions have been answered,
but perhaps you still have some that are not
answered. Without looking at the training course,
write down the main ideas that you have gotten
from studying this unit. Don’t just quote the
book. I you can’t give these ideas in your own
words, the chances are that you have not really
mastered the information.

9. Use Enlisted Correspondence Courses
whenever you can. The correspondence courses
are based on Navy Training Courses oronother
appropriate texts, As mentioned before, com-
pletion of a mandatory Navy Training Course
can be accomplished by passing an Enlisted
Correspondence Course based on the Navy
Training Course. You will probably find it
helpful to take other correspondence courses,
as well as those based on mandatory training
courses. Taking a correspondence course helps
you to master the information given inthe train-
ing course, and also helps you see how much you
have learned.
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10. Think of your future as you study Navy
Training Courses. Youare working for advance-
ment to third class or second class right now,
but someday you will be working toward higher
rates. Anything extra that you can learn now
will help you both now and later.

SOURCES OF INFORMATION

One of the most useful things you can learn
about a subject 18 how to find out more about it.
No single publication can give you all the
information you need to perform the duties of
your rating. You should learn where to look
for accurate, authoritative, up-to-date informa-
tion on all subjects related to the military
requirements for advancement and the profes-
sional qualifications of your rating.

Some publications are subject to change or
revision from time to time—some at regular
intervals, others as the need arises. Whenusing
any publication that is subject to change or
revision, be sure that you have the latest
edition, When using any publication that is
kept current by means of changes, be sure you
have a copy in which all official changes have
been made. Studying canceled or obsolete in-
formation will not help you to do your work or
to advance in rating; it is likely tobe a waste of
time, and may even be seriously misleading,

The Bureau of Ships Technical Manual,
NavShips 250-000, is the basicdoctrine publica-
tion of the Bureau of Ships. The Manual is kept
up to date by means of quarterly changes. While
you do not need to know everything that is given
in this publication, you should have a general idea
of where to find the information relating to
electrical and IC equipment.

Beginning with the quarterly changes dated
15 July 1963, the Bureau of Ships began to
renumber individual chapters in the Bureau of
Ships Technical Manual according to the Navy-
Marine Corps Standard Subject Classification
System. Under this system, all chapters of

the Manual will eventually be part of the 9000
series which identifies ship design and ship’s
material subject groups. When all chapters
have been renumbered to conform to the 9000
numbering system, the old chapter numbers will
be eliminated. In the meantime, you will have
to consult the sheets in the front of the first
volume of the Manual which cross-reference the
new numbering system and the old,

The Bureau of Ships Journal is a monthly
publication which contains useful informationon
all aspects of shipboard engineering. This
publication is particularly useful because it
presents information which supplements in-
formation contained in the Bureau of Ships
Technical Manual

The manufacturers’ technical manuals that
are furnished with IC equipments are valuable
sources of information on operation, main-
tenance, and repair,

TRAINING FILMS

Training films available to naval personnel
are a valuable source of supplementary informa-
tion on many technical subjects. A selected
list of training films that may be useful to you
is given in appendix I of this training course.
Other films that may be of interest arelisted in
the United States Navy Film Catalog, NavPers
10000 (revised).

When selecting a film, note its date of issue
listed in the film catalog.

As you know, procedures sometimes change
rapidly, Thus some films become obsolete
rapidly. I a film is obsolete only in part, it
may sometimes be shown effectively, if before
or during its showing you carefully point out
to trainees the procedures that have changed.
For this reason if you are showing a film to
train other personnel, take a look at it in ad-
vance if possible so that you may spot material
that may have become obsolete and verify
current procedures before the formal showing,




CHAPTER 2

SWITCHES, PROTECTIVE DEVICES, AND CABLES

This chapter discusses types of switches
and protective devices that you will be working
with as an IC Electrician. The types, cons-
truction, and uses of shipboard electric cables
are discussed. Information is also presented
concerning the maintenance of electric cables
and the installing of new cables.

SWITCHES

A basic understanding of switches and their
uses 18 a necessity for the IC Electrician. The
Navy uses hundreds of different types of
switches. They are listed in the Federal Stock
Catalog in group 59, class 30. Switches as-
sociated with simple electrical circuits and IC
systems are discussed below.

KNIFE

The knife switch (fig. 2-1) is the basic
power switch from which most of our modern
switches have been developed. A single-pole,
single-throw knife switch consists of a single
copper blade hinged at one end and designed
to fit tightly between two copper jaws, or clips,
at the other end. An insulated handle is fastened
to the copper blade to open and close the switch.
Terminals are provided for connecting the leads.

A two-pole, single-throw knife switch (fig.
2-1A), has two blades with one set of clips

1.102
Figure 2-1.~Knife switches.

for each blade and an insulated handle that
operates both blades simultaneously. Double-
throw switches (fig. 2-1B), have two sets of
clips (one set at each end) so that the blades
can be thrown into either set of clips to shift
from one circuit to another.

TOGGLE

Representative examples of toggle switches
are shown in figure 2-2. In part A is shown
a single-pole, single-throw (SPST) toggle switch,

e

!

2

’

[
A
N
i
[}
[}

1,98
Figure 2-2.—-Toggle switches.
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rated at 20 v and 20 amperes, and having 2
solder terminals. The schematic diagram is
shown beneath the switch. This switch is used
to open or close an electric circuit.

Part B shows a single-pole, double-throw
(SPDT) switch, rated at 250 v and 1 ampere,
and having 4 screw terminals. One of the uses
of this switch is to turn a circuit on at one
place and to turn it off at another place. It
is sometimes called a 3-way switch.

A double-pole, single-throw (DPST) switch
is shown in part C. It has 4 solder terminals
and is rated at 250 v and 1 ampere.

A double-pole, double-throw (DPDT) switch
is shown in part D. It has 6 solder terminals
and is rated at 125 v and 3 amperes.

The following types of switches are also
used: 3-pole, single-throw (3PST); 3-pole,
double-throw (3PDT); 4-pole, single-throw
(4PST); and 4-pole, double-throw (4PDT). The
voltage ratings range from 20 v to 600 v,
and the amperage ratings range from 1 ampere
to 30 amperes.

PUSH

The contact arrangement of push switches
is shown in figure 2-3A, and an example of
a typical contact arrangement is shown in part
B. The type and quantity of each basic form
used to make up the contact assembly are de-
termined from part A. Part B illustrates how
the 1illustrations in part A may be used in
a practical switch assembly. Thus, in part
B the switch cqntains a total of three separate
basic forms: two forms A, and one form C.
The contact arrangement for this switch is
therefore 2A1C. Obviously, there are many
possible contact arrangements. For example,
1A, 1A1A, 1A1B, 2A, 2A1B, 1B, etc., are com-
mon,

A push switch employing a 2A contact
arrangement is show in figure 2-3C. It is rated
at 250 v and 3 amperes.

ROTARY SNAP

The rotary snap switch (fig. 2-4) is a device
that opens or closes a circuit with a quick
motion. A type SR rotary snap switch consists
of one or more sections, each of which has
a rotor and stationary member. Movable contacts
are mounted on a bushing and stationary contacts
are mounted on insulated discs, which are ar-
ranged one beneath the other in ‘‘pancake’’
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style along the switch shaft. This type of
construction has the advantages of shockproof-
ness, compactness, flexibility of circuit
arragements, and protection to the operator.
The operator, by rotating the switch handle,
triggers a spring and cam arrangement, which,
in turn, operates the switch contacts. If the
spring should break, further rotation of the
handle will eventually cause a projection on
the handle’s shaft to contact a projection on
the operating shaft to operate the switch. How-
ever, the switch-driving shaft and handle will
be misaligned from its normal position, and the
characteristic snap action will not be apparent.

Snap switches are available in a wide variety
of amperage ratings (from 10 to 200), poles,
and mountings (bulkhead or panel mounting).

‘The switch type designation indicates its
current rating (1SR is 10 amp, 3SR is 30
amp, and so on); number of poles (3SR3 is
30 amp, 3 pole); switching action (1SR3A is
single throw, for example, on off, on off);
mounting style (1SR3A1 is front mounted, back
connected); and enclosure for type switches
(3SR4B1-3 is watertight). An exploded view
of a type 6SR snap switch is illustrated in
figure 2-5.

Most snap switches are suitable for 450-
volt, 60-cycle, a-c and 250-volt d-c operation.
Present 10-ampere switches are suitable for
120-volt operation only, although the switches
are sometimes used at higher voltages where
the currents are very small. Care must be
exercised in the application of multithrow
(double-throw and triple-throw) switches. The
movable blade, in some cases, is so wide that
in moving from one stationary contact to a
second, the two stationary contacts will be
momentarily bridged by the arc and movable .
blade, causing a short circuit. Therefore, each
time a multithrow switch is to be installed,
a careful check should be made on both the
switch and the intended circuit to make sure
that a switch of the proper current and voltage
ratings is used.

ROTARY PILEUP

Rotary pileup switches are so constructed
that they open and/or close one or more elec-
trical circuits; the contacts are arranged in
a leaf, or pileup, fashion and they are actuated
by a rotary motion.

One type of rotary pileup switch is illustrat-
ed in figure 2-6. As may be seen in the figure,
there are six terminals. When the armature is
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Figure 2-3.—Push switches.
moved upward by the rotary motion of the ROTARY SELECTOR

switch knob, two circuits are opened and two

other circuits are closed.

This type of switch has numerous applica-

Rotary selector switches, or rotary transfer
switches, have many applications.

tions in low-voltage signal circuits. sections

11

They may be made up of any number of

or pancakes, depending upon the
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Barriers are also provided between sections
to prevent terminals from turning and shorting
to adjacent terminals.

If the sections are not uniform the switch
will be designated by JRSP followed by the
number of sections.

The JR switch has a stop deck, which per-
mits setting the switch to the number of posi-
tions desired. By inserting pins or screws
in the stop deck immediately after the desired

L
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140.2

Figure 2-9.~Type JA switch and
detent mechanism.
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last position, the switch movement will be limit-
ed to the positions between these points.

Type JL

The JL switch is identical to the JR, except
in size, mounting facility, and electrical rating.
The diameter of the JL deck is approximately
1 3/4 inches; whereas the diameter of the JR
deck is approximately 2 1/4 inches. The rating
of the JL switch is 120 volts, 60-cycles, 5
amperes. Standard types are available in 3, 5,
and 10 sections. The JL switch has a threaded
bushing for single-hole mounting.

Type JA

The JA switch (fig. 2-9) was developed
primarily for circuit selection in sound-powered
telephone applications. It provides a greater
number of selections and is a smaller switch
than the JR switch. The JA switch is furnish-
ed only with common rotor sections as shown
in figure 2-10. Sixteen position and 30 position
JA switches, which permit selection of 16
and 30 circuits respectively, are available,
With the JR switch the maximum number of
possible selections is 7.

The JA switch also provides lower contact
resistance by using either silver or silver-
overlay contacts. With brass or copper, an
insgulating film forms over the contacts which
is only broken down if appreciable voltage and
power are available in the circuit, However,

85.75
Figure 2-10.—Type JA switch contacts.
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in sound-powered telephone circuits, there is
insufficient power to break down the film, and
relatively high resistance results. The silver-
to-silver contacts of the JA switch consist of
pure silver welded to berylllum copper.
Silver or silver-coated contacts are now being
utilized for latest type JR switches and other
low-current switches. In larger switches, silver
(unless alloyed with other metals) is unsatis-
factory because it vaporizes too readily due to
arcing.

The JA switch 18 available in 2, 6 and 10
sections. An example of the switch designation
is JABC (16) for a 6-section, 16-position
switch; here the first number designates the
number of sections, the C indicates common
rotor, and the number in parentheses indicates
the number of positions.

Type JF

The JF switch (fig. 2-11), was developed
primarily to replace toggle switches in the 10
and 20 switchboxes for sound-powered telephone
applications.

Because of the problems in making toggle
switches watertight, it was necessary to provide
a gasketed cover for the 10 and 20 switch
boxes, which contained the toggle switches. The
cover had to be open when the switches were
operated. Therefore, the switch box was not
watertight, leading to possible malfunctioning of
the switches. In addition, the lack of a strong
contact wipe action in toggle switches and the
low voltage and current of sound-powered

140.3

Figure 2-11,—~Type JF switch.
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circuits resulted in the formation of an insulating
film on the contacts. This film resulted in
open circuits or it required several operations
of the toggle switch handle before the circuit
was initially made.

The JF switch replacement utilizes silver-
to-silver contact surfaces and providesa strong
wiping action in moving between positions. Open
circuit problems have been eliminated in this
manner. The blade arrangement provides for
a circuit between two adjacent contacts, such
as in the 2JR switch previously discussed. The
type 2JF has two such blade arrangements
per switch deck. The standard switches have
1, 8, and 5 switching decks, which are indicated
in the type designation by the number follow-
ing JF.

The original production of the switches
had a detent to limit the switching action to
two positions. The present design has a 12-
position detent arrangement with adjustable
stops. The stops can be adjusted by removing
the four screws on the back plate and arrang-
ing the stop arms mounted on the switch
shaft to give the number of positions desired.

An O ring on the switch shaft within the
mounting bushing prevents water from entering
the switch. An O ring is also provided on
the outside of the mounting bushing to give a
watertight seal against the panel in which the
switch is mounted. These features have eliminat-
ed the need for a watertight cover over the
switch.

The JF switch is satisfactory for 120 volt,
a-c applications up to 1 ampere. In addition
to sound-powered telephone usage, it is being
used in such applications as loudspeakers,
microphone stations, and similar low-current
applications. CAUTION: The switch decks are
of molded nylon material. Therefore, care
must be observed in soldering the leads to the
switch contacts to prevent too much heat from
being passed back to the switch deck. Exces-
sive heat will destroy the switchdeck or damage
the insulation between adjacent contacts.

LEVER OPERATED

Lever operated switches are used in alarm
and warning systems to complete an electric
circuit to various types of audible and visual
alarm signals. There are many types of lever-
operated switches used in the Navy. The type
depends upon the circuit in which it is instal-
led.
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I! [ QG

Figure 2-14.—Temperature-operated switch.

in a remote space and connected to the switch
by a capillary tube. The temperature range
at which the switches operate is adjustable
between 100° and 225°F,

Temperature-operated switches are used
with the circulating-water, high-temperature
alarm system; cruising-turbine exhaust alarm
system; and generator-air, high-temperature
alarm system.

MECHANICAL SWITCH

The types of mechanically operated switches
are the push-action (type A-S) and the cam-
action (types P and Pl). The push-operated
switch, provided for bulkhead mounting, is a
single-throw or multiple-throw, momentaryac-
tion, normally open push switch. The push-
action mechanism utilizes a straight-line move-
ment of the shaft to operate the electrical
contacts.

The cam-action switch consists of two
single-pole, double-throw micro switches op-
erated by two adjustable cams mounted on the
rotor shaft (fig. 2-15). The cam-action mech-
anism utilizes a rotary motion of the shaft
to move cams, which in turn operate sensitive
switches. The points of operation of the sensi-
tive switches are varied by adjusting the angular
positions of the cams with respect to the shaft
on which they are mounted. Mechanical switches
are used with the following systems:

17
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QA Air-lock indicator

PW Clutch-position indicator

SP Shaft-position alarm

LS Submersible steering-gear alarm
DW Wrong-direction alarm

PW Clutch position indicator

TR Hull-opening indicator

VS Valve-position indicator

WATER SWITCH

Water switches consist of a pair of terminals
mounted in an insulated base within a cast
fitting (fig. 2-16). There is a 7000-ohm, 5-
watt resistor connected across the two termi-
nals, which limits the current to the required
value of the supervisory circuit when the switch
casting is dry. The switch is mounted in the
magazine flooding system, and a sprinkling
control valve is installed between the switch
and the firemain, When the sprinkling control
valve i8 opened, water floods the switch casting
and shorts out the 5-watt resistor. With the
supervisory resistor shorted, a current of suf-
ficient value to operate the alarm will flow
in the circuit.

Water switches are used principally in
sprinkling alarm systems (circuit FH),

RELAYS AND CONTACTORS

A relay is a magnetically operated switch,
The operating coil can be connected in series
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140.6
Figure 2-15.—Mechanical switch.

with a supply line to the load or shunted across
the line. A contactor, like the relay, is a mag-
netically operated switch, except that the main
contacts are designed to carry the heavier
current of the load device.

The coil design is influenced by the manner
in which the relay is used. When the relay is
designed for series connection, the coil is
usually wound with a fairly small number of
turns of large wire because the load current
will be flowing through the winding. When the
relay is designed for shunt connection, the
coil is wound with a large number of turns of
small wire, which will increase the resistance
and thus lower the current through the coil.

The contacts of relays and contactors may
open or close when energized. This means that
relays can be used as protective devices, as
control devices, or to perform both functions
simultaneously. Because of this flexibility, re-
lays and contactors are used in many shipboard
applications.

All complete electrical systems whethera-c
or d-c, use relays for control and protection
purposes. The basic difference in relays de-
signed for use on a-c and those designed for
d-c i8 in the armature and magnet core construc-
tion.

The armature and magnet cores of an a-c
relay are made up of laminations, and those
of a d-c relay are of solid material. The use
of laminations in an a-c relay reduces the heat-
ing due to eddy currents. In addition, a copper
strap or ring (called shorted turn) is placed
near the end of the pole piece of an a-c relay
to reduce ‘‘chatter’’ during operation. Because
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the alternating current is going through a peak,
dropping to zero, and going through a peak
in the opposite direction and then dropping to
zero again during each complete cycle, the coil
tends to release the armature each time the
current drops to zero and attracts the
armature each time it reaches a peak. The
shorted turn acts as the secondary of a
transformer, the primary of which is the relay
operating coil. The current in the shorted
turn is out of phase with the current of the
operating coil because the copper ring has
low-inductive reactance. Thus, when the operat-
ing coil flux is zero, the flux produced by the
shorted coil is different from zero, and the
tendency of the relay to ‘‘chatter’’ is reduced.

Shunt Type

The shunt type contactor (connected across
the line) operates when line voltage is applied
to its operating coil 2 (fig. 2-17). The contacts,
4, are arranged to complete or interrupt an
electric circuit. In this arrangement the con-
tacts are connected in series with the voltage
supply to the controlled circuit. When voltage
is applied to the coil, a magnetic pull attracts
the armature, 3, which closes the main con-
tacts, 4. When the voltage supply to the coil
is interrupted, the magnetic pull on the armature
is removed, and the armature spring pulls
it away from the magnet. This action opens
the contacts and deenergizes the controlled
circuit.

An a-c shunt relay is illustrated in figure
2-18. The basic function of the relay is to
make or break an electrical control circuit
when the relay coil is energized. To do this,
voltage is applied to the operating coil, 2
(connected across the line), which attracts
the armature, 3. When the armature is pulled
down, it closes the main contacts, 4.

The pullin and dropout current values may
be adjusted. In figure 2-19 the various adjust-
ment points of the a-c shunt-type relay are
indicated. The spring and the setscrew, E,
control the pickup and dropout values. Before
the relay is adjusted, screw F should be
set to clear the armature when the armature
is in the closed position. The pullin value can
be raised by increasing the spring tension or
by increasing the armature gap.

Series Type

The series type relays (fig. 2-20) are op-
erated by circuit current flowing throughthe coil
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Figure 2-16.—~Water switch.

or colls. This feature makes it possible to
use the relay as a field failure relay, or for
any application where the relay operation is
in response to changes in circuit current
flow.

A one-coil series relay is shown in figure
2-20A, and a two-coil relay is shown in figure
2-20B.

There are two adjustments on the two-
coil relay. The differential adjustment sets
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the difference between the opening and closing
current values. The second adjustment sets
the range of operating values. Usually, the
operating adjustment is the only one required.

MAINTENANCE
Switches should be checked periodically

to ensure that all electrical connections
and mechanical fastenings are tight. Avoid
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Differential adjusting screw.
Tension spring.
Range adjusting nut,

140.11

Figure 2-20. —Series type relays.

but they all operate on the same general prin-
ciple. Each fuse contains a soft metal link
that melts and opens the circuit when over-
heated by excessive currents.

Plug Fuse

A plug fuse has a piece of zinc-alloy wire
mounted in a porcelain cup with a metal cover.
A threaded contact base similar to a lamp
socket is provided so that the fuse can be
screwed into a socket in the fuse block. Plug
fuses are used on small-capacity circuits
ranging from 3 through 30 amperes at not
more than 250 volts., Some plug fuses have
small mica windows so that the fusible link
can be observed. The plug fuse is seldom
used in naval vessels but is extensively used
in commercial applications.
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Cartridge Fuse

A cartridge fuse consists of a zinc-alloy
link enclosed in a fiber, plastic, ceramic, or
glass cylinder. Some fiber and plastic fuse
cylinders are filled with nonconducting powder.

The smaller fuses are used in circuits up
to 60 amperes and are made in the FERRULE,
or round-end-cap type. Large sizes with short
flat blades attached to the end caps are rated
from 65 through 600 amperes. These blades
fit tightly into clips on the fuse block similar
to knife-switch clips.

Cartridge fuses are made in capacities of 1
through 1000 amperes for voltages of 125,250,
600, and 1000 volts. Fuses intended for 600-
and 1000-volt service are longer and do not fit
the same fuse holders as fuses intended for
250-volt service. Fuses of different ampere
capacity are also designed for different sizes
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of bholders. For example, fuses of 1 through
30 amperes fit one size of holder, and fuses
with capacities of 35 through 60 amperes fit
a different size holder.

Cartridge fuses used with IC equipment
are of various sizes, such as the miniature
style FO2 and FO3 1 1/4" x 1/4'" fuse rated
from 1 through 30 amperes at 120 volts and
the midget style FO9 1 1/2" x 3/8" fuse rated
from 1 through 30 amperes at 120 volts. The
standard 2" x 9/16" fuse is rated from 1
through 30 amperes at 450 volts for a-c service
and 250 volts for d-c service. Fuses above
60-ampere capacity have knife-blade contacts
and increase in diameter and length as the
capacity increases.

A special type silver-sand fuse has been
developed in physical sizes identical to the
standard fuses and rated at 500 volts, a-c or
d-c. These fuses have the same current range
as the standard fuses for the same size. How-
ever, they have a short circuit current inter-
rupting capability of 68,000 amperes. This
characteristic permits their use in ship service
power systems.

Before fuses of greater than 10 ampere
capacity are pulled, the switch for the circuit
should be opened. Approved fuse pullers must
be used for removing fuses. Fuses should never
be short circuited or replaced with fuses of
larger current capacity.

Time Delay

The time delay fuse is used for loads such
as motor supply circuits in which overloads
and motor-starting surges of short duration
may be encountered. Common trade names for
such fuses are Fusetron and Slo Blo.
A conventional fuse of much higher rating would
be required to prevent blowing of the fuse
during surges. This rating would be too high
to provide necessary protection for the normal
steady state current of the circuit.

The time delay fuse is rated as to its
time lag characteristic with a minimum blowing
time at some overload current. A typical
rating for this type fuse would specify ‘12
seconds minimum blowing time at 200 percent
rated current.’”’

Selection of Proper Fuses

Individual fuses are provided on the IC
switchboards for each associated circuit. A
separate fuse is used in each line of each
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circuit. This has the effect of considerably
increasing the maximum short circuit current
that the fuses can safely interrupt. It also
provides greater protection to the remaining
circuits energized from the same bus in case
of a possible defect in one fuse.

In general, fuse ratings should be approxi-
mately 10 percent above the maximum contin-
uous connected load. In circuits such as call
bell systems and alarm systems where only
a small portion of the circuit is likely to
be operated at any one time, the fuse rating
should be 10 percent greater than the load
of one associated group of signals operated,
or 15 percent of the total connected load,
whichever is greater. Where the circuit
incorporates branch fuses, such as those as-
sociated with the fire-control switchboards, the
rating of the fuses on the IC switchboard should
be 20 percent above the maximum connected
load to provide sufficient margin so that branch
fuses will always blow before the main fuses.
In no case should the fuse rating be greater
than two and one-half times the rated capacity
of the smallest cable in the circuit. I too
large a fuse were used, a fire hazard would
exist.

Fuse Holders

The type EL-1 fuse holder consists of a
base and a plug, as shown in figure 2-21.
The base extends behind the panel, and into
it is screwed the plug containing the fuse.
Behind a hole in the plug cap is a small neon
lamp used as a blown-fuse indicator, which
lights when the energized circuit through the
holder is interrupted by the blowing of a fuse.
Series resistors of different values are used
with the lamp on 125- and 250-volt circuits,
except for the MIDGET holder, which is rated
for 125 volts only.

The types, FHL10G, FHL11G, and FHL12G
(tig. 2-22) consist of fuseholder body and a
fuse carrier. The body is mounted on the panel,
and the carrier with the fuse placed in the clips
is inserted into the body in a manner similar
to inserting a bayonet-type lamp into a socket.
Removal of the fuse is accomplished by pushing
and turning the fuse carrier in a counterclock-
wise direction again similar to the removal
of a bayonet base lamp. The types, FHL10G
and FHL11G, accomodate 11/4'" x 1/4" diameter
fuses. The type, FHL10G, will hold two fuses
and can therefore be used to fuse both sides
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CONTACTS OF MAN
CONTACTOR

HEATERS OF
OVERLOAD RELAY

CONTACT

124.249
Figure 2-25.—Schematic diagram of motor
controller with thermal type overload.

type of overload relay has an inherent time
delay. Thermal overload relays may be of the
solder-pot, bimetal, single metal, or induction
type.

SOLDER-POT TYPE.—The heat sensitive
element is a solder pot which consists of a
cylinder inside a hollow tube. These are
normally held together by a film of solder.
In case of excessive motor current, the heater
melts the solder, breaks the bond between the
tube and cylinder, and releases the tripping
device of the relay. After the relay trips,
the solder cools and solidifies, and the relay
can be reset.

BIMETAL TYPE.—The heat-sensitive ele-
ment i8 a strip or coil of two different metals
fused together along one side. When heated,
one metal expands more than the other causing
the strip or coil to bend or deflect, and open
the overload relay contacts.

SINGLE METAL TYPE.~The heat-sensitive
element i8 a metal tube around the heater.
The tube lengthens when heated and opens the
overload relay contacts.

INDUCTION TYPE.—The heat-sensitive ele-
ment is usually a bimetal strip or coil. The
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heater consists of a coil in the motor circuit
and a copper tube inside the coil. The cop-
per tube acts as a short circuited secondary
of a transformer, and is heated by the cur-
rent induced in it. This type of overload
relay is used only in a-c controllers, whereas
the previously described types of thermalover-
load relays may be used in a-c or d-c con-
trollers.

Magnetic type

The magnetic type of overload relay has a
coil connected in series with the motor circuit
and a tripping armature or plunger. When
the motor current is excessive, the armature
opens the overload relay contacts. Magnetic
overload relays may be of the mstantaneous‘

|

or time delay type.

INSTANTANEOUS TYPE.—This type oper-'
ates instantaneously when the motor current
becomes excessive. The relay must be set
at a tripping current higher than the motor!
starting current to prevent tripping when the
motor is started. This type of overload relay
is used mostly for motors that are started
on reduced voltage then switched to full line
voltage after the motor comes up to speed. ‘

'

|
TIME DELAY TYPE.-This type is essen-

tially the same as the instantaneous type with
the addition of a time delay device. The time
delay device may be an oil dashpot with a
piston attached to the tripping armature of
the relay. The piston has a hole through which
oil passes when the tripping armature is moved
due to excessive motor current. The size of
the hole can be adjusted to change the speed
at which the piston moves for a given pull
on the armature. For a given size hole, the
larger the current, the faster the operation.
This allows the motor to carry a small over-
load current for a longer period of time than
a large overload current.

CABLES

Shipboard electrical and electronic system
require a large variety of electric cables. Som
circuits require only a few conductors having
high current-carrying capacity; others require
many conductors having a low current-carry-
ing capacity; still others may require cables
with a special type of insulation, the conductors
may have to be shielded, or in some cases
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‘the conductors may have to be of a metal
_other than copper.

Shipboard electric cables are identified ac-

.cording to type and size. Type designations
consist of letters to indicate construction and/or
‘use. Size designations consist of a number or
‘numbers to indicate the size of the conductor(s)

in circular mil area, number of conductors,
or number of pairs of conductors depending
upon the type of cable.

In most cases the number of conductors in

"a cable, up to and including four conductors,
- is indicated by the first type letter as follows:

S-single conductor; D-double conductor; T-three

- conductor; and F-four conductor. For cables
~ with more than four conductors, the number
" of conductors is usually indicated by a number

]
J

>
1

1
4

<

]

following the type letters. Examples of com-
mon shipboard cable designations are as fol-
lows:

DSGA-3-Double conductor, Shipboard,
General use, Armored, conductor size approxi-
mately 3000 circular mils.

FHFA-4-Four conductor, Heat and Flame
resistant, Armored, conductor size approxi-
mately 4000 circular mils. Type HFA cable
has been replaced by type SGA.

DCOP-2-Double Conductor, Oil resistant,
Portable conductor size approximately 2000
circular mils.

MSCA-30-Multiple conductor, Shipboard,
Control, Armored, with 30 conductors.

MDGA-19 (6)-Multiple conductor, Degaus-
sing, Armored, 19 conductors, conductor size

approximately 6000 circular mils.

Shipboard electric cables are classified
according to service as nonflexing or repeated

. flexing.

}
‘

.
]

. e fw TR TRF R

NONFLEXING

Nonflexing service cables are used for all
cable installations where bending or twisting

STRANDED COPPER CONDUCTOR'

EXTRUDED SILICONE RUBBER

GLASS FIBER BRAID

of the cable is not required. With a few ex-
ceptions, all armored cables are nonflexing
service cables.

The SGA type cable is the most common
shipboard nonflexing service cable for general
use. The construction of this type of cable for
sizes up to and including SGA-9, isshownin
figure 2-26. For sizes above SGA-9 the silicone
rubber insulation is replaced by a silicone
treated glass tape insulation. In a newer type
of SGA cable, the glass fiber braid is white
instead of color coded, and a black nylon
jacket is installed over the glass fiber braid.
Conductor identification is printed on the
black nylon jacket.

Representative nonflexing service cables for
special use are shown in figure 2-27. Type
MDGA (fig. 2-27A) 1is a multiconductor
degausing cable; type SHFP (fig. 2-27B) is
a single conductor heat and flame resistant
propulsion cable; type PBJX (fig. 2-27C) is a
pyrometer base lead cable consisting of one
constantan and one iron conductor; type TTHFWA
(fig. 2-27D) is a twisted pair telehone cable.

Type SHFP cable has been replaced by
type SS5P, a single conductor 5000 volt pro-
pulsion cable.

REPEATED FLEXING

Repeated flexing service cables are used
with portable equipment, and with permanently
installed equipment where repeated bending,
and/or maximum resistance to oil or water
are required. Type DHOF (Double conductor,
Heat and Oil resistant, Flexible) cable (fig.
2-28) is widely used on shipboard for repeated
flexing service, general use.

Representative repeated flexing service
cables for special use are shown in figure
2-29. Type MHFF (fig. 2-29A) is a multi-
conductor, heat and flame resistant, flexible,

IMPERYIOUS SHEATH

BINDER

FILLER BRAIDED METAL ARMOR AND PAINT

29,226

Figure 2-26.—Type DSGA shipboard nonflexing service cable.,
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cable; type TRF (fig. 2-29B) is a tough jacket,
flexible cable.

COLOR CODES

The f{following color code applies to all
multiple conductor (except twisted-pair or 3-
conductor commercial for portable tools and
equipment) cables having from 2 to 44 individu-
ally insulated conductors within a common pro-
tective sheath. For example, all single-
conductor cables are 1 black; all 2-conductor
cables consist of 1 black and 1 white; all 3-
conductor cables consist of 1 black, 1 white,
and 1 red, etc., up to a 44-conductor cable,
where all the color combinations listed in
table 2-1 would be included. In cables with

CONSTANTAN
C TYPE PBJX CABLE

TYPE TTHFWA CABLE

29.226
Figure 2-27.—Nonflexing service cable
for special use.
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IMPERVIOUS SHEATH

COTTON TAPE (RUBBER)

SEPARATOR

CONDUCTOR SYNTHETIC RUBBER FILLER BINDER

29.22¢
Figure 2-28.—~Type DHOF shipboard
repeated flexing service cable.

more than one layer of conductors, the num-
bering shown in the table is from the innermost
to the outermost. For example the No. 1 con-
ductor will be the center conductor (or one of
the center conductors where two or more are
used as a center) of the concentric lay. The
color coding of 3-conductor flexible cable for
single-phase a-c and 2 wire d-c portable equip-
ment and tools i8 black, white, andgreen. The
green conductor is used to ground the equip-
ment.

Individual conductors and palrs in twisted-
pair telephone cables are color coded by
pairing the solid colors in sequence-that is,
first 1 (black) with 2 to 12 inclusive in the
order listed in the table, then 2 (white) with
S to 12 inclusive in the order listed, then 3
(red) with 4 to 12 inclusive in the order listed,
and so forth.

CABLE MARKING

Ready identification for maintenance and re-
pairs of IC circuits is provided by cable
designations embossed on the cable tags (fig.
2-30). These cable designations include (1)
service letter, (2) circuit letter(s), and (3)
cable number. The SERVICE is denoted by the
letter, C, which is the designation for all
cables and circuits that comprise the IC system
in naval ships. Each circuit is distinguished by
a single letter or double letters. These letters
identify the cable as a partof one of the numerous
IC circuits. If two or more circuits of the same
system are contained in a single cable, the num-
ber preceding the circuit letter or letters, is
omitted. The cable number is the number of the
cable of the particular circuit.

A typical cable designation is C-MB144.
The letter, C, denotes the service (the IC
system). The letters, MB, denote the circuit,
engine-order system, which may actually in-
clude wires of circuits IMB, 2MB, 3MB, and
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Table 2-1. —Color Coding of Multiple Conductor Cables.

Conductor No. Base color Tracer color Tracer color
1 Black
2 White
3 Red
4 Green
5 Orange
6 Blue
17 White Black
8 Red "
9 Green "
10 Orange "
11 Blue "
12 Black White
13 Red "
14 Green "
15 Blue "
; 16 Black Red
17 White "
18 Orange "
19 Blue "
20 Red Green
21 Orange "
22 Black White Red
23 White Black "
v 24 Red " White
4 25 Green " "
? 26 Orange " "
27 Blue " "
28 Black Red Green
29 White " "
30 Red Black "
| 31 Green " Orange
: 32 Orange " Green
: 33 Blue White Orange
34 Black " "
35 White Red "
36 Orange White Blue
37 White Red "
g 38 Brown
f 39 " Black
f 40 " White
¢ 41 " Red
; 42 " Green
4 43 " Orange
| 44 " Blue

4

i 8o forth. The number 144 denotes cable number

- 144 of circuit MB.

g Permanently installed ships’ cables are
y tagged as close as practicable to each point
s of connection, on both sides of decks, bulk-
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heads, and other barriers. Cables located within
a single compartment in such a manner that
they can be readily traced are not tagged.
Past practice was to use colored tags to classify
vital, semivital, and nonvital cables. This
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B TYPE TRF CABLE

29, 226
Figure 2-29, —Repeated flexing service cable
for special use,

SECURE TAG TO CABLE
AS SHOWN

(==l

Figure 2-30.—Cable tag.

TYPICAL
MARKING

12.74

practice has been discontinued, however colored
tags will still be found on some ships.

TERMINAL MARKING

In single-letter circuits and d-c supply
circuits the positive terminal is designated by
a single letter, as M. Similarly, an arbitrary
polarity of single phase, a-c circuits is desig-
nated by a single letter, as M (assumed in-
stantaneous positive). The other side (repre-
senting the opposite polarity) of both d-c and
a-c circuits is designated by the double letter,
as MM.

Double-letter circuits have supply lead
markings assigned as for single-letter circuits,
except that the second letter of the negative

is doubled, (for example, positive MB, negative
MBB).

All IC terminals are stamped with the cir-
cuit marking and additional numbers that are
necessary to identify each wire and its function
in the circuit (fig. 2-31).
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140.14
Figure 2-31.—-Wire-terminal markings.

The wire terminals, 3EP and 3EPP respec
tively, are the positive and negative supplh
terminals from cable CE52, which emanate
from the IC switchboard and leaves fro
cable CE53. The wire terminals, 3EP3, 3EP5
3EP6, and 3EP8, from cable CE52 are th«
positive terminals of pushbutton stations 3,5,6
and 8, respectively. The functions of these
wires are found on the elementary and isometric
drawings of the 3EP (protected E call) circuit
for your ship. Where terminals are too small
to permit stamping, tags or sleeving resistant
to fire, grease, and continued handling are used
The following system is used.

Numbers following the circuit letter indicar
a serial number assigned for the station, fol-
lowed by the section wire number designatin,
the function of the circuit. On systems contain
ing synchros, the numerals, 1, 2, and 3, are
used for the connections to secondary windings
Where more than one synchro is employed in s
single instrument, the numerals, 4, 5, and 6,
apply to the second synchro, and 7, 8, and
to the third synchro. For example, 1-MBl4
should be interpreted as follows:

1—starboard circuit
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MB-—engine-order system
1—station number, such as pilot house
4—connection to secondary windings of the
No. 2 synchro receiver in the instrument

If corresponding portions of a circuit are
energized from the forward and aft IC switch-
boards, the suffix letters, F and A, are added
to the ends of wire markings to indicate the
switchboard from which the wire originated.

All terminals in a circuit that may be con-
nected without a break (in the electrical sense)
shall be assigned the same wire marking. A
fuse, switch, or instrument is considered a
break in the circuit and requires a change in the
wire marking.

Signal contacts should be connected to the
positive (single -letter connection) in the in-
struments. The section-wire markings for bell
or visual signal circuits should be assigned the
next higher number after assignment of numbers
to secondary windings of all synchro receivers
in the instruments. For example, in an instru-
ment containing two synchro receivers the signal
circuits should be assigned section wires Nos.
7, 8, etc.

CABLE MAINTENANCE

The purpose of cable maintenance is to keep
the cable insulation resistance high. Cables
should be kept clean and dry, and protected
from mechanical damage, oil, and salt water.

Testing Cables

Insulation resistance tests (ground tests)
must be made periodically on IC cables to
determine the condition of the cable. In ad-
dition to the periodic tests, tests should also
be made when physical damage has been done
to the cable; when cables have been discon-
nected for circuit or equipment changes; when
there is evidence that the cable has been
subjected to oil or salt water; and after ship-
board overhauls,

Interior communication cables may be tested
with a 500-volt megger if they are disconnected
at the equipment or load end. In some cases,
when it is not practical to disconnect the cable,
an ohmmeter, or 50-volt tester must be used
as described in BuShips Instruction 9650.37A
and BuShips Technical Manual, chapter 9650.

GROUND TESTS.—To ground test a multi-
conductor IC cable, proceed as follows:
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1. Check to see that the cable armor is
grounded by measuring between the cable armor
and the metal structure of the ship; normally,
grounding has been accomplished by means
of cable straps. If a zero reading is not obtained,
ground the cable armor.

2. Select one conductor to be tested, and
connect all other conductors in the cable together
and ground them by means of temporary wires
or jumpers.

3. Measure the resistance of the conductor
being tested to ground. The test voltage should
be applied until a constant reading is obtained.
Hand-driven generator type meggers should be
cranked for at least 30 seconds to ensure a
steady reading.

4. Repeat steps 2 and 3 as necessary to
test each conductor to ground.

A reading equal to, or above the accepted
minimum for the cable concerned (discussed
later), indicates that the conductor under test
is satisfactory. A reading below the accepted
minimum indicates that the insulation resistance
of the conductor under test to ground, or from
one or more of the grounded conductors, or
both, is low. The grounded conductors must
then be disconnected from ground, and each
conductor tested individually to isolate the low
reading conductor(s).

An alternate method of ground testing multi-
conductor cables is to connect all conductors
together and measure the insulation resistance
from all conductors to ground simultaneously. If
this reading is equal to or above the accepted
minimum, no other reading need to be taken, If
the reading is below the accepted minimum, the
conductors must be separated and tested in-
dividually to isolate the low reading conductor(s).

Factors Affecting Insulation Resistance

Factors that affect cable insulation resist-
ance measurements are the length, type, and
temperature of the cable, and the equipment
connected in the circuit. Each of these factors
must be evaluated to reliably determine the
condition of the cable from the measurements
obtained.

LENGTH OF CABLE.-—-The insulation resist-
ance of a length of cable is the resultant of
a number of small individual leakage paths
or resistances between the conductor and the
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cable sheath. These leakage paths are distribut-
ed along the cable. Hence, the longer the cable,
the greater the number of leakage paths and
the lower the insulation resistance. For example,
if one leakage path exists in each foot of cable,
there will be 10 such paths for current to
flow between the conductor and the sheath in
10 feet of cable, and the total amount of current
flowing in all of them would be 10 times as
great as that which would flow if the cable
were only 1 foot long. Therefore, to establish
a common unit of comparison, cable-insulation
resistance should be expressed in megohms
(or ohms) per foot of length. This isdetermined
by multiplying the measured insulation resist-
ance of the cable by its total length in feet.

When measured insulation resistance is con-
verted to insulation resistance per foot, the
total length of cable to be used is equal to the
length of the cable sheath for single conductor
cable and for multiple conductor cable in which
each conductor is used in one leg of a circuit.
For example, in a TSGA cable with a cable
sheath of 100 feet in which the three conductors
are phases A, B, and C of a 3-phase power
circuit, the total length of the cable is 100
feet, not 300 feet. The reason for this is that
each conductor is measured separately. If
this cable is connected, either in series or
parallel, to a similar cable that has a sheath
length of 400 feet, the total length is 500 feet.
As another example, 200 feet of type MSCA-17
cable (7-conductor cable) connected to 200 feet
of MSCA-24 cable (24-conductor cable) re-
presents a total cable length of 400 feet.

TYPE OF CABLE.-Insulation resistance
will vary considerably with the nature of the
insulating materials employed and the cons-
truction of the cable. Therefore, it is pos-
sible to determine the condition of a cable
by its insulation resistance measurements only
when they are considered in relation to the
typical characteristics of the particular type
of cable. The minimum safe insulation resist-
ance for types SGA, HF, DG, SCA, TTHFA,
and TTHFWA cables is indicated on the reverse
side of the Resistance Test Record Card,
NavShips 531-1 (fig. 2-32).

TEMPERATURE OF CABLE.—-With non-
flexing service cables, the highest permissible
operating temperature (85°C at the sheath)
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and the nature of the insulating material makes
it essential that temperature of the cable be
considered in conjunction with the insulation
resistance measurements. Therefore, fairly
accurate estimates or measurements of the
temperature of the sheath of the cable must
be made to permit proper use of the Resist-
ance Test Record Card.

EQUIPMENT CONNECTED.-—When insu-
lation resistance measurements are made with
equipment connected, always record the exact
equipment included, and the type of tester
used, so that accurate comparisons can be made
with similar past or future measurements.

Replacement of Cable

It is seldom necessary to replace cable due
to low insultation resistance readings resulting
from other than actual physical damage. Cables
having insulation resistance readings below the
allowable limits shown on the Resistance Test
Record Card, should not be replaced unless
all procedures for increasing the readings as
described in the BuShips Technical Manual,
chapter 9600, have failed. Rusting or physical
damage to the armor does not justify replacing
the cable provided the impervious sheath is
intact.

INSTALLING CABLE

As an IC Electrician you may be required
to install electric cables to replace bad or
damaged cables, or to accomplish ship altera-
tions. Cable splices are authorized only as
an emergency repair. When emergency splices
are made they must be replaced at the earliest
opportunity with a continuous length of cable
or an approved splice accomplished by a repair
activity.

Cable Fittings

Stuffing tubes (fig. 2-33A, B, and C) are
used to provide for entry of electric cables
into splashproof, spraytight, submersible, and
explosion-proof equipment enclosures, and
watertight, airtight, and fume tight bulkheads.
Cable connectors (fig. 2-33D), may be used
for all other installations.
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routing and termination of the conductors.
The conductors must be routed inside the
enclosure with sufficient extra length allowed
for re-termination at least three times, (fig.
2-34B). Excessive bends or slack in the cable
must be avoided, (fig. 2-34C). The minimum
radius of bend for an electric cable is equal
to approximately six times the diameter of the
cable.

STRIPPING CABLE.-The cable armor may
be removed by using a cable stripper of the
type shown in figure 2-35. Care must be taken
not to cut or puncture the cable sheath where
the sheath will contact the rubber grommet
of the nylon stuffing tube. If either a metal
stuffing tube or cable connector is used, allow
the cable (with armor) to extend at least one-
eighth of an inch through the tube.

Next, remove the impervious sheath, starting
a distance of at least 1 1/4 inch (or as neces-
sary to fit the requirements of the nylon stuffing
tube) from where the armor terminates. The
cable stripper should be used for this job.
Do not take a deep cut because the conductor
insulation can be easily damaged. Flexing the
cable will help separate the sheath after the
cut has been made. Clean the paint from the
surface of the remaining impervious sheath
exposed by the removal of the armor. This
paint is conducting. It is applied during manu-
facture of the cable and passes through the
armor onto the sheath. Once the sheath has

CUTTING BLADE
ALIGNMENT DETAIL

LEVER

CABLE SIZE
ADJUSTING SCREW

been removed, the cable filler can be trimmed
with a pair of diagonal cutters,

CABLE ENDS.—When a cable is terminated
in an enclosed equipment through a metal stuf-
fing tube, the cable jacket must be tapered,
and the cable crotch filled with plastic sealer.
The tapered section is then wrapped with
synthetic resin tape, and the end of the tape
served with treated glass cord.

When a cable is terminated in an enclosed
equipment through a nylon stuffing tube, the cable
jacket is cut square and allowed to protrude
through the grommet as shown in figure 2-33B
and C.

When a connector is used for cable termi-
nation, the armor is cut back and taped, and
the square cut jacket allowed to protrude through
the connector about 1/8" as shown in figure
2-33D.

The ends of cables terminating in open
equipment are tapered, taped, served with cord
and varnished, as shown in figure 2-36.

CONDUCTOR ENDS.—Wire strippers (fig.
2-37) are used to strip insulation from the
conductors. Care must be taken to avoid nicking
the conductor while removing the insulation.
Side, or diagonal, cutters should not be used
for stripping insulation from conductors.

Conductor surfaces must be thoroughly
cleaned before terminals areapplied. After bar-
ing the conductor end for a length equal to the

DEPRESSING KNOB

KNOB FOR BLADE
DEPTH ADJUSTMENT

CUTTING BLADE

......

77.22

Figure 2-35.—Cable strippers.
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29.226

Figure 2-36.— Preparing cable ends.

length of the terminal barrel, clean the indi-
vidual strands thoroughly and twist them tightly
together. Solder them to form a neat, solid
terminal for fitting either approved clamp-
type lugs or solder-type terminals. If the solder-
type terminal is used, tin the terminal barrel
and clamp it tightly over the prepared conductor
(before soldering) to provide a solid mechanical
joint. Conductor ends need not be soldered for
use with solderless-type terminals applied with
a crimping tool. Do not use a side, or diagonal,
cutter for crimping solderless-type terminals.

Solderless-type terminals may be used for
all lighting, power, interior communications,

37

and fire-control applications, except with equip-
ment provided with solder-type terminals by the
manufacturer, and with wiring boxes or equip-
ment in which electrical clearances would be
reduced below minimum standards by the use
of the solderless-type terminal.

For connection under a screwhead where a
standard terminal is not practicable, an alter-
nate method can be used. Bare the conductor
for the required distance and thoroughly clean
the strands. Then twist the strands tightly
together, bend them around a mandrel to form
a suitable size loop (or hook where the screw
is not removable), and dip the prepared end into
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1,24
Figure 2-37.—Mechanical wire strippers.

solder. Remove the end, shake off the excess
solder, and allow it to cool before connecting
it.

After the wiring installation has been com-
pleted, the insulation resistance of the wiring
circuit must be measured with a megger or
similar (0-100 megohm, 500 volt d-c) insulation
resistance measuring instrument. Do not ener-
gize a newly installed, repaired, or modified
wiring circuit without first ascertaining (by
insulation tests) that the circuit is free of short
circuits and grounds.

LACING CONDUCTORS. —Conductors within
equipment must be kept in place in order to
present a neat appearance and facilitate tracing
of the conductors when alterations or repairs
are required. When conductors are properly
laced, they support each other and form a neat,
single cable.

The most common lacing material is waxed
cord. The amount of cord required to single
lace a group of conductors is approximately
2 1/2 times the length of the longest conductor
in the group. Twice this amount is required
if the conductors are to be double laced.

Before lacing, lay the conductors out straight
and parallel to each other. Do not twist them
together because twisting makes conductor
lacing and tracing difficult.

A shuttle on which the cord can be wound
will keep the cord from fouling during the lacing
operations. A shuttle similar to the one shown
in figure 2-38 may easily be fashioned from
aluminum, brass, fiber, or plastic scrap. Rough
edges of the material used for the shuttle should
be smoothed.

To fill the shuttle for single lace, measure
the cord, cut it, and wind it on the shuttle.
For double lace, proceed as before, except
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5.138
Figure 2-38.—Lacing shuttle.

double the length of the cord before winding
it on the shuttle, and start the endson the shuttle
in order to leave a loop for starting the lace.

Some installations, however, require the use
of twisted wires. One example is the use of
‘‘twisted pairs’’ for the a-c filament leads of
certain electron tube amplifiers to minimize
radiation of their magnetic field, thus preventing
annoying hum in the amplifier output. You should
duplicate the original layout, when replacing
such twisted leads, and when relacing any wiring
harness.

Single lace may be started with a square
knot and at least two marling hitches drawn
tight. Details of the square knot and the marling
hitch are shown in figure 2-39. Do not confuse

MARLING

STEP 2

==

STEP 3

12.247
Figure 2-39.—Applying single lace.
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he marling hitch with a half hitch. In the
narling hitch, the end is passed over and under
‘he strand (step 1). After forming the marling
aitches, draw them tight against the square
mot (step 2). The lace consists of a series
f marling hitches evenly spaced at one-half
‘0 one-inch intervals along the length of the
group of conductors, as indicated in step 3.

When dividing conductors to form two or
more branches, follow the procedure illustrated
in figure 2-40. Bind the conductors with at least
six turns between two marling hitches, and con-
tinue the lacing along one of the branches (fig.
2-40A). Start a new lacing along the other
branch. To keep the bends in place, form them

FORM BENDS
BEFORE LACING

8 TS TERMINATE

12,247
Figure 2-40.—Lacing branches and breakouts.,

in the conductors before lacing. Always add an
extra marling hitch just prior to a breakout
(fig. 2-40B).

Double lace is applied in a manner similar
to single lace, except that it is started with the
telephone hitch and is double throughout the
length of the lacing (fig. 2-41). Double as well
as single lace may be terminated by forming a
loop from a separate length of cord and using
it to pull the end of the lacing back underneath
a serving of approximately eight turns (fig.
2-42).

Lace the spare conductors of a multiconduc-
tor cable separately, and secure them to active
conductors of the cable with a few telephone

STEP 3

HIT

STEP 4

5.139.1
Figure 2-41.-Starting double lace with
the telephone hitch.
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SERVING OF

NG
HITCHES 8 TURNS

STEP |

5.140.1
Figure 2-42.—The loop method of
terminating the lace.

hitches. When two or more cables enter an
enclosure, each cable group should be laced
separately. When groups parallel each other,
they should be bound together at intervals with
telephone hitches (fig. 2-43).

Conductor ends (8000 cm or larger) should
be served with cord to prevent fraying of the
insulation (fig. 2-44).

A nylon spiral wrap (fig. 2-45) is being
used in some IC and electronic installations
which eliminates the need for lacing multi-
conductor cables. The spiral wrap is easy to

install, and a conductor breakout may be made
at any point along the form while installing.

The Cable Comparison Guide, NavShips
250-660-23 contains the cable characteristics
and installation data for all types of shipboard
electric cables. Table 2-2 presents this in-
formation for type MSCA cable.

TELEPHONE

3

5.139
Figure 2-43.—Binding cable groups with
the telephone hitch.

STEP 2

5.140.2
Figure 2-44.—Serving conductor ends.

Table 2-2.—Characteristics and Installation Data for Interior
Communications and Fire Control Cable, Type MSCA.

© g o @ B 5 8 o~

N = ) A8 9 033

“4g 30 E C.M. Area %3 =83 Maximum

25| 25 | B8 | o | ES 853 Raig

S2 2 S g o Conductor A % ae 50°C

No. No. No. C.M. Inch Inch VRMS Amps

7 7 7 1779 0.048 0.534 600 *9/6

10 10 7 1779 0.048 0.672 600 *9/6
14 14 7 1779 0.048 0.718 600 *9/6
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Table 2-2.—Characteristics and Installation Data for Interior
Communications and Fire Control Cable, Type MSCA-Continued

RS
X
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@ 8 - Y ~ S e~
(=] O - QQ
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R 5§ 8 o Conductor Ac AL
°q | %o &° 3
No. No. No. C.M. Inch Inch VRMS Amps
\
19 19 7 1779 0.048 0.788 600 *9/6
24 24 7 1779 0.048 0.905 600 *9/5
30 30 7 1779 0.048 0.951 600 *9/5
37 317 7 1779 0.048 0.022 600 *9/5
T 44 44 1 1779 0.048 1.134 600 *9/4
2 Denotes individual and average values
I‘ ‘g
(] 3= @ b 2 L > v 8 o
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~ No. Inch No. Inch No. MS No, Inch Inch
7 3.5 C 3/8A 2 16178-5 1/2 3/4
10 4.0 D 3/4 4 16179-4 3/4 3/4
- 14 45 D 3/4 4 16179-5 3/4 3/4
.19 5.0 F 3/4 4 16179-7 3/4 1
24 5.5 G 18 5 16189-2 1 1
30 6.0 J 1 5 16189-3 1 1-1/4
v 3 6.0 J 1-1/4 5 16189-4 1 1-1/4
4 7.0 K 1-1/4 5 16189-17 1-1/4 1-1/4
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STEP 2

140.16
Figure 2-45.—Installing nylon spiral wrap.

42




CHAPTER 3

POWER DISTRIBUTION SYSTEMS

This chapter discusses the Ship Service,
Emergency, and Casualty power distribution
systems aboard Navy ships. Power distribution
switchboards and the operation of the electric
plant are discussed briefly.

The chapter also includes a discussion of
Interior Communication switchboards, and pre-
sents information concerning their operation
and maintenance.

SHIP SERVICE POWER

The ship service power distribution system
is the electrical system that normally supplies
power to the ship’s equipment and machinery.
The switchboards and associated generators
are located in separate engineering spaces to
minimize the possibility that a single hit will
damage more than one switchboard.

The ship service generator and distribution
switchboards are interconnected by switches
and cables, designated bus ties, because theytie
together the buses of different switchboards.
Thus, any ship service switchboard can be con-
nected to feed power from its generators to
one or more of the other switchboards, The bus
ties may also be used to connect two or more
switchboards so that the generators can be op-
erated in parallel (or the switchboards can be
isolated for split plant operation).

Power distribution is direct from the ship
service generator and distribution switchboards
to large and important loads, such as the main
LC. switchboard, steering gear, the gunturrets,
and to loads near the switchboard. In large in-
stallations power distribution to other loads is
from the generator and distribution switchboards
or switchgear groups to load centers, to distri-
bution panels, and to the loads or directly from
the load centers to the loads.

On certain new construction, such as air-
craft carriers, a system of zone control of the
ship’s service and emergency distribution is
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provided, wherein the ship is divided into areas
generally coinciding with the fire zones of the
damage control system. The system establishes
a number of vertical zones, each of which con-
tains one or more load center switchboards sup-
plied through bus feeders from the ship’s ser-
vice switchgear group. A load center switchboard
supplies power to the electrical loads within the
electrical zone in which it islocated. Thus, zone
control is provided for all power within the elec-
trical zone. The emergency switchboards may
supply more than one zone, the number of zones
depends on the number of emergency generators
installed.

In smaller installations (fig, 3-1), thedistri-
bution panels are fed directly from the generator
control and distribution switchboards, The dis-
tribution panels and load centers (if any)arelo-
cated centrally with respectto the loads that they
feed. This arrangement simplifies the installa-
tion and requires less weight, space, and equip-
ment than if each load were connected to a
switchboard.

POWER CIRCUITS

At least two independent sources of power
are provided for selected vital loads. The dis-
tribution of this dual supply is accomplished
in several ways: by a NORMAL and an ALTER-
NATE ship service feeder; NORMAL ship ser-
vice feeder, and an EMERGENCY {feeder; or
NORMAL and ALTERNATE ship servicefeeder,
and an EMERGENCY feeder, (fig. 3-1).

The normal and alternate feeders to a com-
mon load run fromdifferent ship service switch-
boards and are located below the waterline, on
opposite sides of the ship, to minimize the pos-
sibility that both will be damaged by a single hit,
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BUS-TRANSFER EQUIPMENT

Bus-transfer equipment is installed at load
centers, distribution panels, or loads that are
fed by both normal and alternate and/or emer-
gency feeders. This equipment is used to select
either the normal or alternate source of the
ship’s service power, or to obtain power from the
emergency distribution system if an emergency
distribution system feeder is also provided.

Automatic bus-transfer equipment is used
for loads that require two power supplies, ex-
cept for auxiliaries that are used when lighting
off the engineering plant and fire pumps, which
have manual bus-transfer equipment. On the
steering power switchboard, which is provided
with a normal, alternate, and emergency power
supply, manual bus-transfer equipment is used
to select between the normal and alternate sup-
plies, and automatic bus-transfer equipment is
used to select between the ship service and
emergency supplies,

The lighting circuits are supplied from the
120-volt secondaries of 450/120-volt trans-
former banks connected to the ship service power
system, In large ships the transformer banks
are installed in the vicinity of the lighting dis-
tribution panels located at some distance from
the generator and distribution switchboards. In
small ships the transformer banks are located
near the generator control and distribution
switchboards and energize the switchboard buses
that supply the lighting circuits,

The lighting distribution system feeders,
mains, and submains are 3-phase circuits; the
branches are single-phase circuits. The single-
phase circuits are connected so that under op-
erating conditions the single-phase loads on the
3-phase circuits are as nearly balanced as
possible.

PHASE SEQUENCE

Phase identification is denoted by the letters,
A, B, and C, in a 3-phase system. Switchboard
and distribution panel bus bars and terminals
on the back of switchboards are marked to iden-
~ tity the phase with the appropriate letters, A,
B, or C,

The phase sequence in naval vesselsis ABC;
that is, the maximum positive voltages on the
three phases are reached in the order: AB, BC,
and then CA. Phase sequence determines the
direction of rotation of 3-phase motors. Re-
versal of the phase sequence reverses the di-
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rection of rotations of electric motors. The
phase sequence of the power supply throughout
a ship is always ABC, irrespective of whether
power is supplied from any of the switchboards
or from the shore power connection. This con-
dition ensures that 3-phase, a-c motors will
always run in the correct direction,

SHORE POWER CONNECTION

A shore power connection is provided at or
near a suitable weather deck location to which
portable cables from the shore or froma vessel
alongside can be connected to supply power for
the ship’s distribution system when the ship
service generators are not in operation. This
connection also can be used to supply power
from the ship’s service generators to a ship
alongside. The shore power circuit breaker is
located onthe after switchboard on mostdestroy-
ers. The breaker connects the shore power to
the bus tie system,

MULTIPURPOSE POWER OUTLETS

Multipurpose power outlets are provided to
supply 450-volts, 3-phase power for portable
hoists; portable tools that require 450-volt
power; portable welding units for repair, mainte-
nance, and damage repair purposes, including
underwater welding and cutting; and portable
submersible pumps. The multipurpose power
outlets are of the grounded type and are used
with grounded plugs and cables having a ground
wire that grounds the metallic case and exposed
metal parts of the tool or equipment when the
plug is inserted in the receptacle., The ground
wire provides a conducting path of low resist-
ance between the metal housing of the tool and
the ship’s structure, In the event of a casualty
to the insulation of the tool, the ground wire
will shunt the operator, thereby protecting him
from electrical shock.

These outlets are located so that two portable
pumps can be operated in any compartment by
using 75 feet of cable for each pump. The out-
lets are fed from battle power distribution
panels. A minimum number of outlets are fed
from any one panel to provide as great a di-
versity of supply as possible. An adapter is
provided with the 75-foot extension cables for
making connections to the casualty power sys-
tem if power is lost from the outlets,
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D-C POWER

D-c power in ships with a-c power systems
is furnished either by oversize exciters for the
ship’s service generators, by separate motor-
generator sets, or by rectifiers. The principal
d-c loads are carbon-arc searchlights, degaus-
sing installations, battery charging stations,
and the interior communications and fire con-
trol system. The use of the 24-inch, carbon-
arc searchlight has been discontinued aboard
most ships with a consequent reduction in the
d-c power requirements. Rectifier power sup-
plies are used as d-c power sources in the
latest ships provided with a-c power systems.

EMERGENCY POWER

The emergency power distribution system
is provided to supply an immediate and auto-
matic source of electric power to a limited
number of selected vital loads in the event of
failure of the ship service power distribution
system. The system, which is separate and
distinct from the ship service power distribu-
tion system, includes one or more emergency
distribution switchboard. Each emergency
switchboard is supplied by its associated emer-
gency generator,

FEEDERS

The emergency feeders run from the emer-
gency switchboards (fig. 3-1), and terminate in
manual or automatic bus transfer equipment at
the distribution panels or loads for which emer-
gency power is provided. The emergency power
distribution system is a 450-volt, 3-phase, 60-
cycle system with transformer banks at the
emergency distribution switchboards to provide
120-volt, 3-phase power for the emergency
lighting system.

The emergency generators and switchboards
are located in separate spaces from those con-
taining the ship’s service generators and dis-
tribution switchboards, As previously stated,
the normal and alternate ship service feeders
are located below the waterline on opposite
sides of the ship. The emergency feeders are
located near the centerline and higher in the
ship (above the waterline). This arrangement
provides for horizontal separation between the
normal and alternate ship service feeders and
vertical separation between these feeders and
the emergency feeders, thereby minimizing the
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possibility of damaging all threetypes of feeders
simultaneously.

PREFERRED AND ALTERNATE SOURCE
OF POWER

The emergency switchboard is connected by
cables, called feeders, to at least one and us-
ually to two different ship service switchboards.
One of these switchboards is the PREFERRED,
or normal, source of ship service power for the
emergency switchboard and the other is the
ALTERNATE source. The emergency switch-
board and distribution system are normally en-
ergized from the preferred source of ship ser-
vice power, If this source of power should fail,
bus-transfer equipment automatically transfers
the emergency switchboard to the alternate
source of the ship service power, If both the
preferred and alternate sources of ship’s ser-
vice power fail, the diesel-driven emergency
generator starts automatically, and the emer-
gency switchboard is automatically transferred
to the emergency generator,

When the voltage is restored on either the
preferred or alternate source of the ship serv-
ice power, the emergency switchboard is auto-
matically retransferred to the source that is
available or the preferred source if voltage is
restored on both the preferred and alternate
sources. The emergency generator must be
manually shut down. Hence, the emergency
switchboard and distribution system are always
energized either by a ship service generator or
by the emergency generator. Therefore, the
emergency distribution system can always sup-
ply power to a vital load if both the normal and
alternate sources of the ship service power to
this load fail. The emergency generator is not
started if the emergency switchboard can re-
ceive power from a ship service generator.

FEEDBACK TIE

A switch and cable arrangement, designated a
feedback tie (fig, 3-1), is provided in most ships,
The feedback tie feeds power back to the ship
service switchboard, thus a selected portion of
the ship service switchboard load may be sup-
plied from the emergency generator. This
feature facilitates starting up the machinery
after major steam alterations and repairs, and
provides power to operate necessary auxiliaries
and lighting during repair periods when shore
power and ship service power are notavailable.,
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CASUALTY POWER SYSTEM

The casualty power distribution system is
provided for making temporary connections to
supply electric power to certain vital auxiliaries
if the permanently installed ship service and
emergency distribution systems are damaged.
The system is not intended to supply circuits to
all the electrical equipment in the ship but is
confined to the facilities necessary to keep the
ship afloat and to get itaway from a danger area.
The system also supplies a limited amount of
armament such as antiaircraft guns and their
directors, that may be necessary to protect the
ship when in a damaged condition. The casualty
power system for rigging temporary circuits is
separate and distinct from the electrical damage
control equipment, which consists of tools and
appliances for cutting cables and making splices
for temporary repairs to the permanently in-
stalled ship service and emergency distribution
system,

The casualty power system includes portable
cables, bulkhead terminals, risers, switchboard
terminals, and portable switches. Portable
cables in suitable lengths are stowed throughout
the ship in convenient locations, The bulkhead
terminals are installed in watertight bulkheads
so that horizontal runs of portable cables canbe
connected on the opposite sides of the bulkhead
terminal to transmit power through the bulkheads
without the loss of watertight integrity. The
risers are permanently installed vertical cables
for transmitting power throughdecks without im-
pairing the watertight integrity of the ship, A
riser consists of a cable that extends from one
deck to another with a riser terminal connected
to each end for attaching portable cables.

Suitable terminals are provided at switch-
boards and some distribution panels for con-
necting portable cables at these points to obtain
power from or supply power to the bus bars,
Casualty power circuit breakers are installed at
switchboards so that the terminals can be de-
energized when the cables are connected. The
portable switches are stowed in repair party
lockers and are used when necessary for con-
necting and disconnecting the circuits. The lo-
cations of the portable cables, bulkhead ter-
minals, and risers are selected so that con-
nections can be made to many vital electrical
auxiliaries from any of the ship’s service or
emergency generators, Casualty power cables
should be rigged only when required for use, or
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for practice in rigging the casualty power
system,

RIGGING AND UNRIGGING CASUALTY
POWER CABLES

There are definite procedures that must be
followed and safety precautions that must be
observed in rigging casualty power. Only quali-
fied personnel should do the actual connecting:
however, the portable cables may be laid out by
other personnel. Safety precautions require the
man making the connections to wear rubber
gloves, and to stand on a rubber mat or wear
rubber boots while making connections., He is
further required to test each casualty power
riser or bulkhead terminal with a voltage tester
before making a connection. The portable cable
connections for casualty power should alwaysbe
made by first connecting at the load, then work-
ing back to the source of power., In making casu-
alty power connections at a load where thereare
no circuitbreakersortransfer switchesto inter-
rupt the incoming feeder cable, it must bediscon-
nected or cut atthe equipment. It is quite possible
that this cable may be damaged by the casualty
which caused the loss of power, and sucha dam-
aged cable if energized would probably trip the
casualty power circuit breakers. If not discon-
nected, this incoming feeder cable may be re-
energized and present a hazard to personnel
handling the casualty power cables, Care should
be exercised, in making all connections to keep
the phase sequence correct in a-c systems, If
the load includes motors in either a-cord-c sys-
tems, the connections should be made so as to
include the motor controller in the circuit.

Casualty power cables should be tied to the
overhead and high voltage signs should be at-
tached at each connection. Also, it is common
practice to pass the word over the ship’s 1MC
system, informing all hands to stand clear of
the casualty power cables after they are ener-
gized,

Unrigging casualty power is also hazardous
if not handled correctly. The recommended pro-
cedure 18 for the Electrician’s Mate on the
switchboard at the source of the casualty power
supply to openthe 225 or 250 ampere AQB circuit
breaker behind the switchboard that supplies the
system, and to remove both ends of the first
cable nearest the source. After this has been
done, both ends of the last cable in the system
that connects to the load are disconnected and
removed. The normal feeder or feeders maynow
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be reenergized to the equipment, and the re-
mainder of the casualty power cables are un-
rigged and restowed on the proper racks.

D-C ELECTRIC POWER SYSTEMS

Although a-c power systems have replaced
d-c power systems in combat ships, d-c power
is still used in auxiliary vessels having con-
siderable deck machinery. The d-c power sys-
tems in auxiliary vessels are not ordinarily
required to maintain the high degree of relia-
bility required for combat ships. However, the
degree of reliability is carried out within the
limits of practicability and depends on the type
and size of the vessel.

The d-c electric power systems installed in
surface vessels are the (1) low-voltage system,
(2) 120-volt, 2-wire system, and (3) 120/240-
volt, 3-wire system.

LOW-VOLTAGE SYSTEM

The low-voltage (12-volt or 24-volt) system
is installed in motor torpedo boats, small land-
ing craft, and small boats. Power is supplied
by generators that are driven by the propulsion
engines or by small auxiliary engines. Storage
batteries are used to supply power to the system
when the generators are not operating.

120-VOLT, 2-WIRE SYSTEM

The 120-volt, 2-wire system is usually in-
stalled in ships in which the total electrical
load is small or in ships in which the 120-volt
load is the major part of the connected load. The
power loads are usually supplied by feeders
running directly from the switchboard. The
lighting in the forward and after part of the ship
is usually supplied by feeders running to light-
ing distribution boxes located near the centers
of the forward and after loads.

120/240-VOLT, 3-WIRE SYSTEM

The 120/240-volts, 3-wire system was for-
merly installed in all large surface vessels.
This system is still in use in older ships and
in converted merchant ships with large deck
machinery loads that warrant the use of d-c
power. The 120/240 volt, 3-wire system is
lighter in weight, smaller in size, and more
efficient in operation than the 120-volt, 2-wire
system,
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In the 3-wire system the power is generated
either by a 120/240-volt, 3-wire, d-c generator
with an internally mounted balance coilor a con-
verted 240-volt, 2-wire, d-c generator provided
with an externally mounted transformer balancer
(center tapped autotransformer) connected
through slip rings to tapping points on the gener-
ator armature, which establishes a neutral, The
present Navy practice is not to ground the neutral
(or either leg) of a 3-wire system. The positive,
neutral, and negative polarities of bus bars and
terminals are indicated + (black), + (white),
and - red respectively.

Power distribution from the switchboards to
the power loads is a 240-volt, 2-wire system.
The 120-volt distribution from the switchboards
to the distribution panels is a 120/240-volt, 3-
wire system and from the distribution to the
branch circuits is a 120-volt, 2-wire system.

POWER DISTRIBUTION SWITCHBOARDS

A switchboard may consistof a single section
or of several sections that are physically sep-
arated and are connected by cables to form a
switchgear group., This arrangement provides
sufficient separation between sections to mini-
mize damage from shock, to LOCALIZE damage
from fire, and to permit easy removal of dam-
aged sections for repairs or replacement.

On dead-front switchboards (fig. 3-2) the
equipment is grouped to form a number of units
each complete with a separate front panel and
all the required apparatus, such as the a-c gen-
erator control unit, a-c bus-tie unit, power dis-
tribution unit, and lighting distribution unit. A
number of units mounted on a common base
comprises a section or several sections that
are physically separated and are connected by
cables to form a switchgear group,

CONTROL BENCHBOARD

A seperate control benchboard (fig. 3-3) is
provided in the switchgear groups for cruisers
and aircraft carriers. This benchboard mounts
generator control equipment, measuring instru-
ments, and remote controls for some electrically
operated equipment, This arrangement provides
for a centralized control of the generators and
major switching operations. The control bench-
board in ships equipped withfour ship’s service
switchgear groups is provided with a mimic
bus (a small switchboard plan) that has indicat-
ing lights to show which generator circuit
breaker and which bus-tie circuit breakers are
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21.65.1
Figure 3-3.-Control benchboard,

The frequency is controlled by the generator
speed, The speed is automatically controlled
by the governor of the prime mover., The gov-
ernors for large machines can be set to the
required speed by a governor motor controlled
from the switchboard.

To prevent the generator from operating as
a motor when running in parallel with other
generators, the generator circuit breaker is
equipped with a reverse power relay that trips
the breaker and takes the generator off the line
when power is fed from the line to the generator
instead of from the generator to the line.

Protection against overspeed is provided in
the governing mechanism of the prime mover.

GROUND DETECTOR LAMPS

A setofthree ground detector lamps (fig. 3-5)
is connected (through transformers) to the main
bus of each ship’s service switchgear group and
to the emergency bus, enabling the switchboard
watch to check for grounds on any phase of the
3-phase bus,
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To check for a ground, turn switch S on and
observe the brilliancy of the three lights, If the
lights are equally bright, no ground exists, and
all lights receive the same voltage. If lamp A is
dark and lamps B and C are bright, phase A is
grounded, In this case, the primaryof the trans-
former on phase A is shunted by ground and re-
ceives no voltage, Similarly, if lamp B is dark
and lamps A and C are bright, a ground will ex-
ist on phase B, Iflamp Cisdark and lamps A and
B are bright, a ground will exist on phase C.

BUS TIES

The connections between the ship’s service
and the emergency generating units and their
associated switchboards and the interconnec-
tions between the switchboard are illustrated
in the schematic line diagram in figure 3-6.
The a-c buses on the forward and after ship’s
service switchboards can be connected together,
and the d-c buses on these switchboards can
also be connected together. This arrangement
enables one generating unit to supply power to
both ship’s service switchboards when the
other unit is out of service, and also provides
for parallel operations of the two ship’s service
generating units (1SG and 2SG). However, when
operating SPLIT PLANT the generators are
operated separately, each unit supplying power
for its own section of the ship.

OPERATION OF ELECTRIC PLANTS

The ship’s electric power and lighting sys-
tems are designed to provide a high degree of
flexibility to ensure continuity of service to
vital power and lighting loads under normal
and casualty conditions, The distribution sys-
tems in most naval vessels are arranged so
that the electric plants can be operated in
parallel (cross plant) or separately (split plant).

CROSS PLANT (PARALLEL)

The setup for cross connected plant opera-
tion requires that bus-ties between the ship’s
service switchboards be closed with the gen-
erators running in parallel so that any switch-
board or several switchboards can supply elec-
tric power to any other switchboard. However,
when the plant is operating cross connected, a
casualty to one switchboard or load center may
cause a short circuit that could trip all the
generators off the line and result in temporary
loss of all ship’s service power.,
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Figure 3-5.—A-c ground detector lamp circuit.
SPLIT PLANT

The setup for split plant operation is toopen
the bus-ties between the ship’s service switch-
boards so that each switchboard with its gener-
ators and loads forms a system that is
independent of the others. When the plant is
operating split plant, a casualty to one switch-
board will result in loss of power for the loads
fed from this switchboard but will not affect
the loads fed from the other switchboards. Hence,
split plant operation should be used under battle
or other conditions where maximum assurance
against loss of all ship’s service power is de-
sired.

If auxiliaries are provided with normal and
alternate power supplies, the feeder circuit
breakers are closed for both the normal and
alternate supplies. Thus, if there is a casualty
to one generator plant, power will be immedi-
ately available at the manual transfer switch
for this vital equipment by means of the alter-
nate power supply from the other generator
plant.

The circuit breakers are closed on the bus-
tie feeders between the ship’s service switch-
boards and the emergency switchboards to
permit the utilization of the emergency system
as an additional means of distributing power
from the ship’s service generators, If a loss
of ship’s service power occurs on these bus-
tie feeders automatic starting of the emergency
generators provides emergency power for the
vital loads,

Hence, during war cruising, the normal setup
is to operate each generating plant separately,
each one feeding its associated switchboard or
switchboards. This setup provides indepen-
dent generating plants, each receiving steam
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from an associated group of boilers, and one or
more emergency diesel generators standing by
to take over the emergency load. The diesel
emergency generators are set for automatic
starting.

EMERGENCY GENERATOR

Emergency diesel generators can be stopped
only from within the space where the generator
is located. Also, it is usually necessary to set
up manually the lube oil alarm after the diesel
starts.

The automatic starting of emergency diesel
generators should be secured when shifting
from ship to shore power, or vice versa,
Emergency generators must not be operated in
parallel with each other with ship’s service
generators, or with shore power. Therefore, at
the instant of transferring a ship’s service
switchboard from ship’s service power to shore
power, or vice versa, the switchboard will be
dead. As previously stated, emergency switch-
boards are always energized from the ship’s
service switchboards, and when loss of voltage
occurs from the ship’s supply to any emergency
switchboard, the emergency generator associ-
ated with the switchboard will start automati-
cally. Therefore, before making a transfer that
will cause momentary loss of ship’s service
voltage on the emergency switchboard, the auto-
matic diesel starting circuit should be made in-
operative for the transfer period. After the
transfer has been made, the switchboard and
diesel should be set up for automatic starting,
if desired.

GENERAL RULES AND SAFETY
PRECAUTIONS

In the operation of any shipboard electrical
installation the assigned switchboard watch
must watch the switchboard instruments because
they show how the system is operating. The in-
struments reveal overloads and the improper
division of the kilowatt load or reactive current
between generators operating in parallel and
other -abnormal operating conditions.

The frequency (on a-c systems) and the volt-
age must be maintained at the correct values
to obtain satisfactory operation of all equipment
supplied with electric power,

Operating personnel must realize that no
automatically operated devices are installed to
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protect the distribution system or the genera-
tors from damage caused by an overcurrent or
power overload that is only moderately in ex-
cess of the rated capacity. The switchboard
watch must be vigilant in observing the ammeter
and wattmeter readings to detect the presence
of a moderate overcurrent or power overload,
which, if long continued, would cause excessive
heating of the generators. Report any abnormal
indications to the Machinist’s Mate, Petty Offi-
cer of the Watch, or Officer of the Watch as
appropriate,

If a switchboard controls two or more gen-
erators and less than the full number i8 being
used to supply power, the load on the switch-
board may increase to a point that will over-
load the generators in use. When the switch-
board instruments reveal this condition
approaching, another generator should be placed
in service.

Because of the limited capacity of the emer-
gency generators, the feedback tie installed in
some ships is not to be generally utilized to
supply power to the ship’s service distribution
system, The use of the feedback tie should be
limited to special circumstances such as when
the ship is alongside a dock and it is necessary
to secure the ship’s service generators, or
when it is necessary to feed power through the
ship’s service switchboards to certain auxil-
faries to start the ship’s service generators.
When the feedback tie is used, increased vigi-
lance of the switchboard watch is necessary
to prevent overloading the emergency
generators.

Always operate switchboards and distribution
system equipment as if no automatic protective
devices are installed, These devices are not
designed or intended to protect the system from
damage caused by careless operating practices.

Exercise care when reclosing circuit break-
ers after they have tripped automatically, If a
circuit breaker trips immediately on the first
reclosure, investigate the cause before again
reclosing the breaker. However, the ecircuit
breaker may be closed a second time without
investigation if the immediate restoration of
power to the circuit is important and if the
interrupting disturbance thattripped the breaker
was not excessive. Remember that repeated
closing and tripping may result in damage to
the circuit breaker and thereby increase the
repair or replacement work required to place
the breaker back in operation,

54

Use the hold-in device on circuit breakers
only when it i8 absolutely necessary. The hold-
in device enables the operator to hold a trip-
free circuit breaker closed when the current is
in excess of the tripping value. The circui
breaker will open automatically as soon as the
hold-in device is released if the current is
above the tripping current. In an emergency.
it may be vitally important to obtain power
even at the risk of burning out equipment by
using the hold-in device. However, when 2
circuit breaker is held closed, the circuit is
deprived of protection against damage by ex-
cessive current, and the longer the circuit
breaker is held closed, the greater 1is the
possibility of permanent damage to circuits or
equipment. Do not hold a circuit breaker closed
unless an emergency exists to justify the risk

Do not parallel ship’s service a-c genera-
tors until they have been synchronized. Do not
close the bus tie circuit breakers to parallel
the buses on two energized switchboards until
the buses have been synchronized. Do not close
the bus tie circuit breaker to restore power to
a switchboard that has lost power because of
failure of its associated generator until the
generator circuit breaker has been tripped
manually, or it has been determined that the
generator circuit breaker is already in the
OPEN position. Do not parallel ship’s service
generators with shore power. Do not parallel
an emergency generator or a casualty power
generator with any other generator,

If a generator overspeeds, whether a-c or
d-c, turbine or diesel driven, immediately
trip the prime mover emergency overspeed
trip and immediately thereafter trip the gen-
erator circuit breaker.

Do not adjust a ventilation opening (for the
personal comfort of watchstanders) to a posi-
tion that permits spray or solid water (entering
the system through weather openings) from the
ventilating system to be discharged on switch-
boards, distribution panels, bus bars, or other
electrical equipment,

Protective grab rods and guard rails around
switchboards and other equipment should al-
ways be in position when the equipment is
energized unless emergency repairs are nec-
essary while the equipment is in service.
Grab rods and guard rails should be carefully
maintained to ensure that they are secure and
will not become dislodgedaccidentally, The in-
sulating mattings provided for covering the
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deck in the front and in the rear of switchboards
should always be in place.

When work is being done on a circuit, be
careful to ensure that the circuit is dead and
that it cannot be inadvertently energized by
closing a remote circuit breaker., All circuit
breakers or switches that would energize the
circuit should be opened, and the circuit should
be tested with a voltmeter or voltage tester.
These switches should be tagged, ‘‘“WARNING:
Do not change position of switch except by di-
rection of NAME Rate/Rank.’” Warning tag
NavShips 3950 may be used for this purpose.

If more than one repair party is engaged in
repair work on an electrical circuit, a tag for
each party should be placed on the supply
switches, After the work has been completed,
each party should remove its own tag but no
other. As a further precaution, metal locking
devices are available that can be attached to
the switch handles to prevent accidental
operation,

IC AND ACO SWITCHBOARDS

The IC switchboard is the nerve center of
the interior communications system. Its func-
tion is to energize all interior communication
and fire control circuits, including fire control
electronic systems, and in small ships to supply
power to other electronic equipment,

The IC switchboard is installed behind the
armor belt and below the waterline to obtain
maximum protection, It is energized from a
normal, an alternate, and an emergency power
supply to ensure continuous service.

In large combatant ships two main IC switch-
boards are provided, One switchboard islocated
in the forward IC room, and the other switch-
board is located in the after IC room. Thus,
each system or equipment receives its normal
supply from the nearer IC switchboard. The
after main IC switchboard is usually arranged
similarly to the forward main board, except
that in the after board some of the special buses
such as the controlled-frequency bus may be
omitted.

On the older ships separate IC and action
cutout (ACO) switchboards are installed. In
new construction ships, IC switchboards are
composed of power control distribution, and
A QO sections,
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IC SWITCHBOARD POWER SUPPLY

The power distribution systems and arrange-
ments of buses for IC switchboards vary widely
in different ships, depending upon the size of the
ship, the main power system, and the FC system,
The following discussion describes the general
principles of a typical IC switchboard power
supply.

The forward main IC switchboard is sup-
plied with power from as many sources as pos-
sible. This power supply usually consists of
(1) a normal supply from a main powerdistribu-
tion switchboard of the forward machinery group,
(2) an alternate supply from a main power dis-
tribution switchboard of the after machinery
group, and (3) an emergency supply from the
nearer emergency-distribution switchboard.

The normal 3-phase, 450-volt, 60-cycle
power supply is obtained from the forward main
ship’s service distribution switchboard through
a circuit breaker on that board. The 450-volt
supply is connected to a 450-voltbusonthe main
IC switchboard through the bus-transfer switch,
as shown in figure 3-17.

This bus energizes the various 450-volt,
60-cycle circuits through individual switches
and fuses. In this installation the 450/120-volt
60-cycle transformer bank is energized directly
from this bus through fuses. However, in some
installations the transformers are energized
through a switch and fuse combination,

The IC transformerbank is connected delta-
delta in order to operate open-delta in caseof a
casualty to one transformer. When operating
open-delta, strip the switchboard of all but the vi-
tal circuits. The load canbe reduced as necessary
by opening the switches of less essential circuits,

In some ships in which the emergency power
is extremely small, the main 120-volt a-c bus
is divided into a general and restricted bus. This
restricted bus supplies power to the most im-
portant circuits, and to the IC and FC buses,
which are connected to the restricted bus
through manual switches or contactors. The
contactors open automatically upon transfer to
the emergency power supply. Thus, the normal
120-volt supply is disconnected from the IC and
FC buses upon transfer to the emergency supply.
After the switches for less essential circuitson
the IC and FC buses have been openedto reduce
the load, the contactors supplying these buses
are closed again.

In figure 3-7 the 120-volt, 80-cycle, bus
furnishes power for thethree electromechanical
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Figure 3-7.—Schematic wiring diagram of IC switchboards.

bus failure alarms, the constant-frequency unit,
and the alternate source to the constant fre-
quency bus, The 120-volt, 60-cycle controlled
frequency is restricted to those IC and FC
circuits, whose components require extremely
fine regulation (within 0,1 percent), The supply
to this bus is through a double-throw rotary
snap switch, The switch selects either the con-
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stant frequency unit or the 120-volt, 60-cycle
normal bus to supply the controlled frequency
bus,

The 120-volt, d-c bus has a normal and an
alternate source of power. The normal supply
is from a motor generator that receives its
power from the 450-volt, 60-cycle bus, The al-
ternate source may be from a rectifier in the
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IC room, the ship’s service switchboard, or
from another motor generator in the after
IC room. The type and location of the alternate
d-c equipment depend on the d-c requirements
of the particular ship. The double-throw switch
will be manual unless a d-c voltage is required
for a vital circuit,

There are two 400-cycle bus sections: 450-
volt and 120-volt. The 450-volt section may
be supplied by a motor generator, which re-
ceives its power from the 450-volt, 60-cycle
bus at its associated switchboard. However,
the 450-volt, 400-cycle section can receive
power from the after 450-volt, 400-cycle bus,
which has its own motor generator set. The
forward switchboard may be used to feed the
after 450-volt, 400-cycle section, (fig. 3-7A.)
The 120-volt, 400-cycle section of each switch-
board receives its power from a delta-delta
connected bank of transformers, which are
connected to the respective 450-volt, 400-
cycle sections.

The two 400-cycle motor generators may
be paralleled if provided with load division
networks synchronizing lamps and switch (fig.
3-TB).

A casualty power terminal is provided adja-
cent to the IC switchboard in vessels having a
casualty power system. Risers are not always
provided in the IC room. It is necessary there-
fore, to rig portable cables to the nearest riser
outlet. All IC Electricians must be familiar with
the locations of these outlets.

Before connections are made to the casualty
power system, the main power manual and
automatic bus-transfer switches must be op-
erated to the OFF position, This procedure
prevents the possible paralleling of one of the
power supplies to the switchboard with the
casualty power system. The casualty power
system is limited to the facilities necessary to
keep the ship afloat and to get it out of danger
area as well as to supply power to a limited
amount of armament.

Therefore, before connections are made to
the casualty power system, all switches on the
IC board except those energizing vital ship
control circuits and FC circuits should be
operated to the OFF position,

IC switchboards installed in naval ships
are of the (1) live-front, (2) semidead-front,
(3) dead-front, and (4) dead-front front-service
types.
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LIVE-FRONT

The live-front IC switchboard is the oldest
type of board and is found only in older ships,
All switches for circuits up to 250 volts are of
the live-front, lever type with fuses in exposed
clips, mounted on insulating panels. Blown-
fuse indicators are mounted over the fuses.
For circuits above 250 volts, enclosed lever
(type K enclosed) switches or circuit breakers
are used on dead-front panels. The ship’s
cables are usually connected directly to the
switch and fuse terminals in the rear of the
switchboards.

SEMIDEAD-FRONT

The semidead-front IC switchboard is sel-
dom used but may be encountered on some
ships, All switches are of the dead-front type,
either snap switches or enclosed switches, and
are mounted on metal panels. The fuses as-
sociated with the snap switches are mounted in
open clips on slightly recessed insulating strips
beneath the associated switches. A hinged metal
door with peep holes is mounted in front of
each fuse strip to permit viewing the blown-fuse
indicators. Fuses are replaced by removing the
metal panel and pulling the fuses from their clips
with a fuse puller. The ship’s cables are con-
nected to the switches and fuses from the rear
of the switchboard,

DEAD-FRONT

The dead-front IC switchboard utilizes dead-
front-type switches. The fuses, except those
mounted in enclosed switches, are mounted in
plug-type combination fuse holders and blown-
fuse indicators. This type of switchboard is the
most commonly used as it has many advantages
over the other types. The principal advantages
are: (1)all switches and fuses are mounted behind
the panel, affording complete protection to op-
erating personnel against electric shock; (2)
fuses are placed inplug-type holders and mount-
ed perpendicular to the panel, resulting in a more
compact and efficient board; and (3) meters, cir-
cuit breakers, and bus-tie switches are behind
hinged panels, simplifying the maintenance of
the board.

DEAD-FRONT, FRONT-SERVICE

The latest type of IC switchboard is the
dead-front, front-service IC board (tig. 3-8).
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ACO SWITCHBOARDS AND SECTIONS

The function of the action cutout (ACO)
section is to permit isolationof various portions
of IC systems and to transfer control of certain
systems from one station to another. Separate
switchboards are usually provided for speci-
alized systems such as the sound-powered
telephone system.

In older combatant vessels the ACO switch-
‘board (one or more sections) is located in the
icentral station, which also functions as damage
control central. In recent vessels damage con-
trol central is combined with engineering cen-
tral and is located nearer to the engineering
plant and farther from the IC room. The ACO
'therefore, is located in the IC room and is
‘part of the IC switchboard.

Live-Front ACO Switchboard

ACO switchboards installed in naval ships
are similar in construction to the several types
of IC switchboards.
~ The live-front ACO switchboard is found only
in the older ships. This switchboard utilizes
(1) type-J switches mounted on insulating panels
to control synchro circuits and (2) open-type
knife blade switches, with fuses in open clips to
disconnect contact makers and audible signals,

|

Dead-Front ACO Switchboard

‘ The dead-front ACO switchboard utilizes
‘dead-front steel panels. On these panels are
mounted type-J or type-JR rotary switches,
snap switches, and fuse holders.

Dead-Front, Front Service ACO Sections

The dead-front, front-service ACO sections
are shown in figure 3-9A, B, and C. All self-
.synchronous circuits are controlled by type-JR
‘multiple rotary switches and have individual
fuses for synchro primary excitation wires, and
overload indicators are provided in some
'synchro secondaries. Draw-out switch unitsare
‘utilized, each unit incorporating the associated
fuse holders and overload indicators. Multiple
rotary selector switches are always used onthe
"ACO section to permit the selection of several
‘different stations or supplies.
| The inherent design of the equipment on most
IC synchro circuits is such that if all receivers
and indicators are in parallel, a casualty to any
station on the circuit or to corresponding cables

would incapacitate the entire circuit, The only
means of overcoming this condition isto provide
action cutout switching; individual fuses; and,
in some cases, automatic disconnect relays in
one or more central points to disconnect damaged
instruments and cables. The use of action cutout
switching is limited to the most important
circuits, the loss of which might endanger the
ship.

In order to reduce the number of switches
on ACO sections, two synchro indicators are
usually grouped on eachmultipole rotary switch.
These switches are of the 4JR-type and usually
provide ‘‘either or both’’ selection, By ‘‘either
or both’’ is meant that the synchro signal as
connected to the switch canbe connected to either
of two instruments singly or to both instruments
simultaneously. Such a switching arrangement
might be used to connect the underwater log trans-
mitter to the pilot house or to the open bridge,
or to both the pilot house and the open bridge.

If several switches receive parallel inputs
from the same transmitter, separate connections
may be provided from the terminal boards to the
input terminals of the first and last switchesof a
series. Jumper connections are then provided
from these switches to the switches between.
Thus, any switch can be removed without disrupt-
ing the input connections to any other switches. If
practicable, all switches of the same circuitare
grouped together, and all switches that control
instruments in the same station or for related
functions are located on the same vertical line.

Another switch arrangement on the ACO
section may provide for selecting a transmitter
at one of several stations. For example, the
engine-order system may be controlled from
the pilot house, the open bridge, or the second-
ary conning station. The ACO section may also
provide for isolating damaged circuits., For
example, the output from the general announc-
ing amplifier may be connected to, or discon-
nected from, the various subgroupsof speakers,

Many instruments on important circuits
have individual disconnect switches on the
ACO section so that the instruments can be
energized as needed or disconnected from the
circuit in the event of trouble,

LOCAL IC SWITCHBOARDS

An IC switchboard is usually provided in
each engineroom (motor or maneuvering room
in electric-drive ships) to energize local IC
circuits, The normal supply for each switch-
board is from the nearer main IC switchboard.
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>us transfer switches are provided on the IC
3witchboards in the engineroom and steering
Zear room on later ships to minimize interrup-
-ions if the normal power source islost. Action
~utout switches are provided to disconnect
instruments connected to local transmitters.

A local IC switchboard (fig. 3-10), isusually
installed in each steering gear room to energize
all circuits associated with steering such as
the steering-order and rudder-angle indicator
systems. The normal supply for this switchboard
is from the steering-power transfer switchboard
through a local transformer. An alternate supply
is taken from a local emergency lighting circuit
to provide power if the normal supply is lost, be-
cause manual or emergency steering gear is pro-
wvided in case of power failure to the steering
power switchboard.

A local IC switchboard is also installed in
each turret. This switchboard is energized via
a local 450/120-volt transformer and a triple-
pole, double-throw switch from the normal
and alternate 450-volt power feeders to the
turret. Local IC switchboards are installed
for Weapons Control, and Electronic Counter
Measures systems on some ships.

BUS-TRANSFER SWITCHES

Type-K, 3-position, manually operated
switches are used on IC switchboards of older
design to transfer between the normal and
emergency sources of power. More modern IC
switchboards are provided withautomatic rotary
bus-transfer switches (fig. 3-11A), which are
simpler and more compact than other types.
This design of the automatic bus-transfer switch
utilizes a pancake construction similar to that
used in the manual rotary snap switch although the
contact structure is different (fig. 3-11B). The
switch is operated by a solenoid (fig. 3-11C) which
is energized from the normal power supply
through a voltage-sensitive relay (fig. 3-11D).
This relay is mounted in the back part of the
switch, but when the space behind the panel is lim-
ited, it can be mounted separately from the switch.

: The solenoid operates the switch contacts
to the normal position against the action of a
spring. If the voltage on the normal supply
feeder falls below 60 to 70 percent of its rated

85 to 90 percent of its rated value, the sensitive
relay energizes the coil and thus restores the
switch contacts to the normal power supply
position,

The rotary bus-transfer equipment is ad-
justed by the manufacturer to transfer at the
percentage values specified. Adjustments of
these transfer values must not be made unless
absolutely necessary because the sensitive re-
lay is a precision device and should not be
tampered with, Such adjustments can be made,
however, by removing the sensitive relay and
following the instruction contained in the plans
furnished with the equipment.

In case of failure of the control circuit or
the spring, emergency operation of the rotary
transfer equipment provides for manually po-
sitioning the contacts. This positioning is ac-
complished by operating the indicating knob at
the front of the switch. The indicating knob is
connected directly to the main shaft which ex-
tends through the panel. A latch key, when en-
gaged with the knob, holds the contacts in the
desired positions,

An OFF position is provided between the
normal and emergency positions.

The automatic bus-transfer switch previ-
ously described is being replaced by a similar
switch, which corrects some of the difficulties
encountered in the original type. Thenew switch
is constructed so that when the blades of the
switch are closed, they will remain closed under
conditions of vibration and shock, An auxiliary
switch is provided as a part of the new design
to deenergize the operating coils when the switch
is in the OFF position,

The switch has three-positions—(1) service,
(2) off, and (3) emergency. It may be operated
either electrically or manually. Whennecessary,
the switch can be locked in any one of the three
positions.

Whenever the switch is in the locked posi-
tion, it automatically disconnects the circuitsto
protect the electrical components, Because the
two contacting positions are located onthe same
shaft, no mechanical interlocking linkage is
necessary as in the case of separate contactor
mechanisms,

Twin dual action plunger-type solenoids are
employed with two parallel coils to initiate mo-
tion in either contact position. The movable cores

¢ value, the relay operates to deenergize the coil,
t and the spring moves the switch contacts to the
. emergency-power-supply position. When the
r voltage on the normal supply feeder risesabove

of the solenoids are positioned one on each side
of the shaft and are in static balance when de-
energized. The neutral OFF positionliesbetween
the two energized positions, From the neutral
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switch with (1) pilot motor drive, (2) leading-
supply selector switch, (3) test switch, and (4)
automatic-manual selector switch, together with
relays and control circuits.

In manual operation the drum-switch hand
wheel i8s turned to place the load in contact with
any one of the three selected sources of supply.

In automatic operation the switch will select
any one of the three supplies, depending on the
position of the leading selector switch and the
magnitude of the supply voltage. For example,
if the leading selector switch is in the PRE-
FERRED (normal) position and the magnitude of
the preferred supply voltage is within the proper
limits, the switch will connect the load to the
preferred supply.

If the preferred supply voltage falls below
the proper limits, the switch will automatically
connect the load to the alternate supply and re-
store it to the preferred supply when the voltage
returns to normal, If the load is connected to
the alternate supply and low voltage occurs on
both of these sources, the switch will automati-
cally transfer the load to the emergency supply
and restore it to the proper supply (depending
upon the position of the leading selector switch)
when voltage is restored to normal,

OVERLOAD INDICATORS

Recent designs of ACO sections are pro-
vided with synchro overload transformers.
These transformers are in series with the sec-
ondary connections of selected synchro torque
indicators to provide immediate information to
operating personnel regarding a casualty so that
the damage instruments can be disconnected
quickly by operating the associated switches.
It is also necessary in each case to fuse the
primary wires. Otherwise, a short in one
indicator might blow the main fuses of the
circuit, and no power would be available to
operate the overload indicators to show the
faulty circuit,

The overload transformer (fig. 3-12) consists
of two primary windings, each in series with
one leg of the synchro stator wires. The sec-
ondary winding is connected to a small neon
lamp mounted on the face of the IC switch-
board (fig. 3-12). The overload transformer
is a current-sensitive device. It is arranged
so that when the sum of the currents in the
stator circuits to a particular synchro exceeds
a predetermined amount, a neon lamp glows,

64

The synchro stator is in series with the
primary coils of the transformer. An increase
of current in the primary winding of the trans-
former will increase the voltage between the
secondary terminals of the transformer.

The secondary of the transformer hasnumer-
ous taps to provide a wide range of voltages for
a given current,

The transformer may be used under different
load currents. However, the tap used is dependent
on the breakdown voltage of the neon lamp.

The principal difference between the opera-
tion for IC synchro circuits and for FC circuits
is that for IC synchro circuits theoverload trans-
formers are usually set to provide a much
greater relative displacement between trans-
mitter and indicator before the overload lamp
lights. FC synchro circuits areusually precision
systems in whicha relatively slight displacement
between a transmitter and indicator may involve
a serious error. Most IC circuits are generally
used for the transmission of a relatively small
number of orders, and a displacement between
transmitter and indicator is not serious until suf-
ficiently great to cause an incorrect order to
appear at the indicator.

Operating personnel of IC switchboards
should be very cautious whenoperating switches
to disconnect indicators, particularly on vital
circuits such as the engine order system.
When practicable, operating personnel should
investigate before operating the switch, as the
overload indication may be a result of too low
a setting on the overload transformer.

Energizing a circuit by means of a transfer
switch generally results in a flash on the as-
sociated overload light, which is caused by the
momentary displacement between the trans-
mitter and receiver. Such indications are nor-
mal and show that the system is operating
properly, Continual flashing, however, should
be investigated,

The overload transformers are designed to
operate with neon lamps for which the break-
down voltage is 52.5 volts a-c and 74 volts d-c.
As previously stated, the breakdown voltage of
neon lamps varies over a wide range. Any
variation in this breakdown voltage is equivalent
to changing a transformer tap. Replacement
lamps, therefore, should be selected by meas-
uring the breakdown voltages until a lamp is
found that conforms approximately to the values
given,

The indicator lights on IC switchboards
normally use two 6-volt lamps because 120-volt
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VITAL CIRCUITS are those circuits that
are essential to the fighting effectiveness of
the ship. The loss of a vital circuit such as the
gyrocompass system, would seriously impair
fighting effectiveness.

SEMIVITAL CIRCUITS are those circuits
that are very important but not essential to
fighting effectiveness. The loss of a semivital
circuit, such as the auxiliary battle telephone
system would impair fighting effectiveness less
than the loss of vital circuit.

NONVITAL CIRCUITS are those circuits that
are not essential to fighting effectiveness. The
loss of a nonvital circuit, such as the boiler-
feed signal system, would not impair fighting
effectiveness.

Repairs to these groups of IC circuits are
performed in sequence of their importance.

Readiness

Each IC circuit is classified into one of the
following four groups according to its readiness.

CLASS 1 CIRCUITS are those that are essen-
tial to the safety of the ship. These circuits are
energized at all times.

CLASS 2 CIRCUITS are those that (along with
class 1 circuits) are essential to satisfactory
ship control. These circuits are energized dur-
ing the preparation period for gettingunderway,
while standing by, while underway, and until the
ship is secured after coming to anchor.

CLASS 3 CIRCUITS, or BATTLE CIRCUITS,
are those that (along with class 1 and class 2
circuits) are essential to complete interior
control, These circuits are energized during
condition watches.

CLASS 4 CIRCUITS are the convenience cir-
cuits that are energized only when required.
Supply switches on IC switchboards are

colored as shown to identify readily the class
of circuit.
Class 1 ... Yellow—continuously energized
Class 2 .......Black—underway circuits
Class 3 ...........Red=battle circuits
Class 4 ... ... White—convenience circuits
MAINTENANCE

Maintenance of IC switchboards consists of
routine tests and inspections, cleaning, tighten-
ing connections, and calibrating meters.
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Tests and Inspections

At least once each week, and after firing if
possible, test all automatic bustransfer switch-
es, and/or manual bus transfer switches. Test
all bus failure alarms and inspect indicator
lamps. Make a visual inspection of the interior
of all switchboards for signs ofloose connections
or over heating.

At least once each quarter, cleanand inspect
the wiring of all switchboards as thoroughly
as possible without deenergizing the boards.

Annually, or during shipyard overhauls,
deenergize each switchboard, inspect and
thoroughly clean all buses and wiring, and
tighten connections. Check all switches for!
proper operation, check all mechanical fast- |
enings for tightness, calibrate all meters, |
check all fuses for proper size, and take |
insulation tests of all wiring.

Cleaning Switchboards and Tightening
Connections

Bus bars and insulating materials canusually
be cleaned sufficiently by wiping with a dry
cloth. A vacuum cleaner can also be used to
advantage. Always insure that the switchboard
is completely deenergized. Remember that some
instrument transformer primaries may be en-
ergized even though all power circuit breakers
are off,

Use a dry cloth, not soap and water, on the
front panels of live-front switchboards or on
other panels of insulating material. The front
panels of dead-front switchboards canbe cleaned
without deenergizing the switchboard. To remove
dirt and grease, use a damp, soapy cloth, then
wipe with a cloth dampened with clear water,
and dry with a dry cloth, Clean a small section
at a time then wipe dry.

The inspection of a deenergized switchboard
should not be limited to a visual inspection, but
should include grasping and shaking each elec-
trical connection and mechanical fastening to
ensure that they are tight.

WORKING ON ENERGIZED SWITCHBOARDS

When military considerations require that
electrical repair work be done on energized
switchboards permission to do the workmustbe
obtained from the commanding officer. The work
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should be done only by adequately supervised
>ersonnel fully cognizant of the dangers involved,
ind the following precautions observed.

- 1. Provide ample illumination.

- 2. The person doing the work should not
vear wristwatch, rings, watch chain, metal
articles, or loose clothing which might make
1iccidental contact with live parts or whichmight
1iccidentally catch and throw some part of his
>ody into contact with live parts. Clothing and
3hoes should be as dry as possible.

- 3. Insulate the worker from ground by means
>f insulating material covering any adjacent
grounded metal with which he might come in
contact, Suitable insulating materials are dry
wood, rubber mats, dry canvas, dry phenolic
material, or even heavy dry paper in several
thicknesses. Be sure that any such insulating
material is dry, has no holes in it, and no con-
ducting materials embedded in it., Cover suf-
ficient areas so that adequate latitude is per-
mitted for movement by the worker in doing
the work,

il
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4, Cover working metal tools with insulating
rubber tape (not friction tape) as far as prac-
ticable.

5. Insofar as practicable, provide insulating
barriers between the work and any live metal
parts immediately adjacent to the work to be
done

6. Use only one hand in accomplishing the
work, if practicable.

7.A rubber glove should be worn on the
hand not used for handling the insulated tools. If
the work being done permits, rubber gloves
should be worn on both hands.

8. Station men by circuitbreakersor switch-
es, and man a telephone if necessary, so that
the circuit or switchboard can be deenergized
immediately in case of emergency.

9. A man qualified in first aid for electric
shock should be immediately available while the
work is being done.

These precautions apply to repair work on
all energized circuits or equipment where the
voltage exceeds 30 volts.



CHAPTER 4

CONSTANT FREQUENCY SYSTEMS

Constant frequency systems supply power to
special IC and FC equipments utilizing synchro-
nous motors. The first constant frequency sys-
tems installed in Navy ships utilized a rotary
inverter. The inverter speed was closely con-
trolled by a tuning fork amplifier so that the in-
verter output remained 60 cycles +0.1%. Static
type electronic systems utilizing electron tubes
have replaced the rotary inverters. Electronic
systems utilizing solid state devices will be re-
placing the electron tube types in the near future.

This chapter discusses two representative
constant frequency systems that utilize electron
tubes.

CONTROL, CONSTANT FREQUENCY
C-2249/U

Control, Constant Frequency C-2249/U (fig.
4-1), is designed to supply 60 cycle, controlled
frequency, a-c power for operation of synchro-
nous devices aboard ship. This system is com-
pletely electronic and uses no rotating parts.

The input to the system is 55-65 cps, single
phase, at 108-122 VAC. The single phase output
is 60 cps+.01%, at 120 VAC +7.5%.

A basic, accurate, stable frequency of 480
cps is generated by an electrically driven tuning
fork in combination with a tube, in an oscillator
circuit. The output of this oscillator drives a
monostable multivibrator which generates a
square wave at the frequency of the oscillator.
A series of 3 bistable multivibrators divides
this 480 cps square wave, down to 60 cps. Sub-
sequent resistor-capacitor combinations filter
the 60 cps square wave and the resultant 60 cps
sine wave is amplified by a series of power am-
plifiers.

The system consists of the constant fre-
quency circuits and the power supply circuits
(fig. 4-2).
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CONSTANT FREQUENCY CIRCUITS

The tuning fork frequency standard Y1 (fig.
4-2) is enclosed in a hermetically sealed case.
The fork vibrates at 480 cps within an accuracy
of + .01%. It also operates in conjunction with
V1, a twin-triode amplifier (5751) electron tube
in which the two sections are cascaded so as to
maintain the fork in resonant vibration.

The 480 cps output of V1 isappliedto square
wave generator tube V2 which, like V1, isa twin-
triode amplifier (5814) electron tube. Both
halves of V2 are connected in a monostable multi-
vibrator circuit. This circuit has one stable
state in which the tube will remain until triggered
by a negative input voltage of sufficient magni-
tude. The tube will continue in its unstable
state until triggered by anegative voltage of suf-
ficient magnitude or until a certain time, asde-
termined by the time constant of the circuit, when
itwill return to its stable state. The 480 cps out-
put of V1 acts asatriggering voltage for V2, re-
sulting in a 480 cps square wave output from V2.

The 480 cps square wave output of V2 is ap-
plied to both halves of V3, a twin triode (5814)
electron tube amplifier. This tube is connected
as a bistable multivibrator. Thenegative-going
steps of the 480 cps square wave output of V2
have no effect on this bistable multivibrator.
However, each positive-going step of the 480 cps
square wave output of V2 causes V3 to flip to
the other stable state. Since two input pulses
are required to cause the circuit to complete its
cycle, i.e., for each tube to pass from the non-
conducting state to the conducting state and then
back again, the output from either plate of V2
is a square wave with a frequency of one-half
that of the input, (240-cps).

This 240 cps square wave is applied to V4,
a 5814 twin-triode which is connected in an iden-
tical circuit to that of V3 and producesa 120 cps
square-wave output, i.e., one-half of the input




Digitized by GOOS[@



IC ELECTRICIAN 3&2

: — e
!
] 480 480 2:1 240 2:1 120
! TUNING FORK OSCILLATOR | CPS | SQUARE WAVE] CPS | prequeEncy | CP8 | rrequency | cps
; nﬁog:srgztln Vi 5751 GENERATOR DIVIDER DIVIDER
: *.01% v2 5814 vs 5814 v4 5814
i
[}
1
]
f
E
. 21 60 60 60 PUSH-PULL
: FILTER cps| FEEDBACK [cps| PUSH-PULL POWER 60 CPS+.01%
R raCY CP8|  AMPLIFIER AMPLIFIER DRIVER OUTPUY OUTPUT, 100
vs 5814 VA 12-5814 V6B 12-5814 Vi & V8 Ve & V0 WATTS, CON-
6005/8AQ5W 2-811 TINUOUS DUTY

Figure 4-2.—Control, constant frequency C-2249/U, block diagram.

The output of the oscillator amplifier is cou-
pled through C2 to V2A, abuffer cathode follower
(not shown). The output of the buffer is coupled
to the square-wave generator.

Negative feedback is applied to the ecircuit
through a varistor element inthe cathode of V1A,
This arrangement maintains the fork amplitude
and frequency constant when the B+is variedor
when the gain of V1 changes.

The output of the tuning fork at terminal 5
(fig. 4-5), 1s a sine wave of approximately 1 volt
amplitude,

SQUARE WAVE GENERATOR

The square-wave generator, V3, (fig. 4-6)
is essentially a two-stage overdriven voltage
amplifier. Tube V3A has zero bias, therefore
the positive half of the sine wave applied to pin
2 drives V3A into saturation. The negative half
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of the input sine wave is highly amplified. The
resultant signal developed across R-8 is applied
through C-5 to V3B, pin 7. The action of V3B
is similar to V3A and the resultant 240 cps
square wave developed across R-10 is coupled
to the first divider, V-4, through C-6.

FIRST DIVIDER

The first divider, V4, (fig. 4-6) is a conven-
tional bistable multivibrator triggered by nega-
tive pulses applied to the plates of the tube.

The square wave output is differentiated by C6
and R11. The resultant signal developedacross
R11 contains both positive and negative pulses.

In a bistable multivibrator one section is al-
ways in a state of high conduction. Positive
pulses applied to the grids of V4, thru the cor-
responding plate load resistor R12 and R17 and
the coupling capacitors C7 and C8, will not cause
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217.267
Figure 4-3.—Harrison model 744 constant
frequency power supply.

he multivibrator to flip. Only negative pulses
7ill cause operation. There isonlyonenegative
mlse fed to the grids of V4 per cycle of the in-
ut square wave. Two negative pulses are re-
uired to cause V4 to complete one cycle
f operation. The resultant square wave de-
‘eloped across R17 of V4A will have a funda-
nental frequency of 120 cps. Thus a frequency
ivision of two to one has been accomplished.
- This 120-cps square wave is applied to the
tecond divider, V5 through C10,

ECOND DIVIDER AND FILTER

The operation of the second divider V5 (fig.
1-7) is identical with the operation of the first
livider V4.
~ The output of the second divider is a factor
»f 2 countdown of its 120 cps input, thus a 60 cps
square wave output is fed to the filter network
hru C13 and R29.
~ The filter in figure 4-7isabridged ‘‘T’’ net-
work designed to pass only 60 cps sine waves.
t filters out all other harmonics of the square
wvave, Thus a pure sine wave is coupled to the
yoltage amplifier, V2B. The harmonic content
>1 the 60 cps sine wave is less than 1%.

n

VOLTAGE AMPLIFIER

The Voltage Amplifier section consists of
two tubes V2B and V6A, (fig. 4-8).

Tube V2B and its associated components con-
stitute a conventional Class A, self biased am-
plifier. The unbypassed cathode resistor pro-
vides a degree of negative feedback and improves
the circuit stability and reduces the distortion.
Tube V2B is coupled to V6A through C20 and the
gain control voltage divider network R38 and
R39.

The signal from the gain control R38 is ap-
plied to V6A Pin 2, thru an isolation resistor
R-40. This resistor is necessary to isolate the
positive feedback loop from thedivider network,
Tube V6A is a class A, degenerative amplifier.
The unbypassed cathode serves two purposes,
self-degeneration, and degenerative feedback
coupled from the output transformer T2. This
feedback maintains a minimum of distortion on
the output of the constant frequency power sup-
ply. The output of V6A 18 developed across R43
with C22 bypassing high frequency transients to
ground. This output isapplied tothe phase split-
ter V6B thru C21.

PHASE SPLITTER

The phase splitter provides two outputs, dif-
fering in phase by 180 degrees, to the push-pull
driver amplifier tubes. Tube V6B (fig. 4-8) con-
stitutes the phase splitter. It is a basic para-
phase amplifier with a gainoflessthanone. The
outputs of the phase splitter are equal inampli-
tude and approximately 180° out of phase.

One output is developed at the V6B plate and
is fed through C24 to the grid of V7. The other
output is developed at the V6B cathode, and is
coupled through C23 to the grid of V8.

DRIVER AMPLIFIER

Tubes V7 and V8, (fig. 4-9) constitute a push-
pull power amplifier. These tubes are capable
of delivering the necessary power to drive the
final push-pull power amplifiers, V9 and V10,

Cathode resistor R50 is bypassed by C25.
This bypass capacitor improves the balance of
the tubes used and removes the need for a bal-
ancing adjustment.

POWER AMPLIFIER

The final stage of the constant frequency
power supply (fig. 4-10) consists of a pair of
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Figure 4-4.—Functional block diagram.

4-65A tetrodes connected asa class AB push-pull
amplifier. The input is coupled through trans-
former T1 directly into the grids of the tubes.
Negative bias of 45V is supplied through the
centertapped secondary to the V9 and V10grids.

Resistor R53 is shunted acrossthe secondary
of transformer T1 to reflect a proper load for
the push-pull drive circuit V7 and V8,

The 120 VAC voltage is transformer coupled
to the output terminalsby transformer T2, Plate
voltage (+1300 volts), is applied through the
centertap winding of the primary pin 2.

The secondary of the output transformer T2
consists of two separate windings. Winding 4
to 5 is the output winding rated at 120 VAC,
single phase, 60 cps +.01%, from zero to 100
watts at 0.95 power factor. Winding 6 to 7 is a
feedback winding from which a sample voltage
is applied to the cathode (pin 3) of V6, In addi-
tion to this negative feedback some positive
feedback is obtained across resistor R54. This
is in series withthe output currentobtained from
winding 5 of transformer T2. The voltage thus
obtained is fed back to the grid (pin 2) of V6
through isolation transformer T3. Potentio-
meter R55 controls the amount of positive feed-

72

back and is adjusted only at the start of the ad-|
justment procedure.

The positive feedback thus obtained maintains’
the output voltage constant with varying loads. |
For example, if load current increases, the nor-
mal tendency in circuits without feedback is for
the output voltage to drop. However, the in-|
crease in load current serves to increase the
voltage developed across series resistor R55.
This increase is coupled to the grid (pin 2) of
V6, and serves to increase the output voltage,
thus compensating for the load variation. A de-
crease in output load requirements operates in
exactly the opposite manner.

The output is monitored by analarm relayK?
(not shown), whose contacts open when the out-
put voltage of 120 VAC fails.

A synchronous clock, connected across the
output voltage terminals, serves to indicate that
the equipment is functioning and is a means of
checking frequency accuracy. The clockis cali-
brated in seconds and reads from 0 to &
seconds continuously.

The synchronous clock provides a meansfor|
measurement of the cumulative error in fre-
quency by comparison with radio time signals
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Figure 4-5.—Tuning fork assembly and oscillator.

from WWYV or a calibrated chronometer. The or loss of one second will require in excess of
decimal error is the reciprocal of the number 10,000 seconds.

of seconds required for the clock togainor lose The clock is also usable as a timing device
one full second. When operating normally, gain for oscilloscope comparison of the 600-cycle
]
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1 Figure 4-6.—Square wave generator and first divider.

13



IC ELECTRICIAN 3 & 2

Figure 4-7.—Second divider and filter circuit.

modulation of WWYV against the 60-cycle output

of the power supply.
POWER SUPPLY

The power supply consists of the high voltage
supply, the low voltage supply, and the bias and

filament supply.

+255vDC
: r30
? L2m
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R2S R29 cr
330K V58 470K ol c(;.a svazu?;
FIG. 4-8
C16 —— R3}
.01 7] 2 e.2x
<
R24¢ cle
100K T -1
' & *—
140.25

High Voltage Supply

Upon energizing the unit, the application of
115 VAC to the primary of the high voltage trans-
former T4 (fig. 4-11) is delayed approximately
45 seconds by the thermal delay relay K1. This
is necessary to prevent damage to the filaments

Fi6.4-7

C19
008

n

- +238 VDC

+300 voC

ne2 [ AA—283 , TO
470K To 82K W™ TERMINAL
e AAA———
R58 7,0F T2

Figure 4-8.—Voltage amplifier and phase splitter.
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Figure 4-9.—Driver amplifier.

of the 836 tubes V11 and V12, The delay allows
the filaments to reach their operating tempera-
ture before they have to supply high current.

After relay K1 closes, 115 VAC is applied
to T4 which in turn applies 1500 VAC to V11 and
V12. The centertap (pin 4) of the secondary of
T4 is tied to a common ground bus while the fila-
ments are tied to the High Voltage filter L2 and
C28 thru the centertap (pin 9) of the 2.5V winding
of T6. Resistors R58, R59, and R60are bleeder
resistors across C28. The high voltage supply
furnishes 1300 V positive to the centertap (pin 2)
of T2, the power amplifier output transformer

(tig. 4-10).

Low Voltage Supply

Upon application of 115 VAC to the constant
frequency power supply, transformer T5
(fig. 4-11) is immediately energized. Filament
and plate voltage is applied to V13. Rectifier
V138 rectifies the plate voltage and provides pul-
sating d-c current to the choke input filter L1,
C29, and R61. Resistor R61 acts as a bleeder
resistor to discharge C29 upon deenergizing the
equipment. The output voltage is supplied to the
oscillator, buffer, square-wave generator, first

- divider, second divider, and amplifier V2B.
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The 6.3V winding of T5 is applied to filaments
of all stages except the power amplifiers V9 and
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V10. Tubes V14, 15, and 16 are type OA2 volt-
age regulators. Tube V17 i8 an OB2 voltage
regulator.

Bias and Filament Supply

The application of 115 VAC to the equipment
also energizes transformer T6 (fig. 4-11) which
supplies 6V at 7 amps to the power amplifier
filaments (V9 and V10 fig. 4-10), and 2.5V at
10 amps to the high voltage rectifier tubes V11
and V12, The centertap to the 2.5V winding is
the return path of the 1300V supply from L2.

Transformer T6 supplies 76 VAC to the bias
rectifier CR1 whose output is filtered by R56,
C27, and bleeder resistor R57. Resistor R57
serves to discharge C27 upon securing the unit,
The output of this bias supply filter is negative
45 volts with respect to common ground and is

(i

delivered to the power amplifier grids V9 and
V10 by way of the center tap in the secondary
of the driver transformer T1 (fig. 4-9).

MAINTENANCE

Preventive maintenance for the C-2249/U and
Harrison model 744 units requiresonly periodic
mechanical inspections, electrical checks, and
cleaning as prescribed by the manufacturer’s
technical manual, or the planned maintenance
system manual. No lubrication of any kind is
required. Frequent inspections should be made
to ensure that all mechanical fastenings and elec-
trical connections are tight. Clean the units with
a soft hair brush. DO NOT use compressed air.
Exercise care when making the required elec-
trical checks, as voltages as high as 2000 volts
are present. Use a high voltage probe when
measuring voltages over 300 volts.



CHAPTER 5

TEST EQUIPMENT

This chapter discusses test equipments that
you will be working with as an IC Electrician.
Test equipments are, for the most part, preci-
sion equipments, and must be handled with care
if they are to perform their designed functions
accurately.

Some equipments may require special han-
dling; however, there are precautions which
apply to test equipments in general. Roughhan-
dling, moisture, and dust all affect the useful
life of test equipments. Bumping or dropping a
test instrument, for example, may destroy the
calibration of a meter or short-circuit the ele-
ments of an electron tube within the instrument.

The effects of moisture are minimized in
many of the more complicated electronic test
equipments, such as signal generators, oscil-
loscopes, etc., by utilizing built-in heaters;
these heaters should always be operated for
several minutes before applying the highvoltage
to the equipment.

Meters are the most delicate parts of test
equipments. These precautions should be
followed:

1. Make certain that the amplitude of the
input signal under test is within the range of
the meter.

2. Keep meters as far away as possible from
strong magnets.

3. When servicing a test equipment, discon-
nect the meter from the circuit before making
resistance or continuity tests. This precaution
will eliminate the possibility of burning out the
meter.

As an IC 3 or 2, you will be required to use
and perform preventive maintenance on certain
test equipments. The repair and calibration of
test equipments requires a thorough knowledge
of their design and operating principles, and skill
in the use of special tools and equipment. The
Bureau of Ships and the Bureau of Naval Weap-
ons have repair facilities available both ashore

8

and afloat for test equipment repair and calibra-
tion. These facilities are listed in BuShips In-
struction 9690.12 of 15 April 1963.

MULTIMETERS

During troubleshooting, a technician is often
required to measure voltage, current, and re-
sistance. To eliminate the necessity of obtaining
three or more meters, the multimeter is used.
The multimeter combines a voltmeter, ammeter,
and ohmmeter in one unit. The following are
guides for the proper use of multimeters:

1. An ammeter is always connected in
series—NEVER in parallel.

2. A voltmeter is connected in parallel.

3. An ohmmeter is NEVER connected to a
live circuit.

4, Polarity must be observed in the use of
a d-c ammeter or a d-c¢ voltmeter.

5. Readings should be made directly from the
front. When viewed from an angle off to the side,
an incorrect reading will result because of opti-
cal parallax.

6. Always choose an instrument suitable for
the measurement desired.

7. Select the highest range FIRST and then
switch to the proper range.

8. In using an ammeter or voltmeter, choose
a scale which will result inanindication as near
midscale as possible.

9. In using an ohmmeter, select a scale
which will result in a midscale reading.

Multimeters may be of the electronic ornon-
electronic type. A representative multimeter
of each type is discussed below.

MULTIMETER AN/PSM-4A
Multimeter AN/PSM-4A (fig. 5-1) is a port-

able, nonelectronic volt-ohm-milliammeter. It
can be used to make d-c current, d-c resistance,
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Figure 5-2. —Functional block diagram of d-c voltage circuits.

with the meter movement will regulate the meter
current to provide a proportional current to
indicate the amount of voltage in the circuit.

A-C and Output Voltage Circuits

The circuits which measure a-c and output
voltages (fig. 5-3), are selected with the ACV
and OUTPUT positions of function switch S-101,
For voltages up through 500 volts, a range is
selected with range switch S-102. For the 1000
volt range, the red test lead connects the special
1000 VAC jack, and the range switch, S-102, is
not in the circuit. The a-c voltage impressed
across the circuit between the red and black test
lead tries to send current through the resistance
of the circuit in both directions, but the rectifier
allows only one direction of current flow through
the meter movement. The meter is calibrated
to indicate the RMS value of the a-c voltage ap-
plied to the instrument circuit.

D-C Current Circuits

The circuit which measures d-c currents is
selected with the d-c uA MA AMPS position of
function switch S-101 (fig. 5-1). For currents
up to 1000 milliamperes, the range is selected
with range switch S-102 (fig. 5-4). For the 10
ampere range, the red test lead connects the
special 10 AMPS jack, and range switchS-102 is
not in the circuit. Eachrange providesa parallel
shunt resistance for the meter movement, and the
circuit current divides between these two par-
allel paths. The proportional part which passes

through the meter movement indicates the total
circuit current.

Ohmmeter Circuits

The ohmmeter circuit (fig. 5-5) and its
ranges are selected with function switch S-101.
The ranges are Rxl, Rx10, Rx100, Rx1000, and
Rx10000. Aninternalbattery furnishes the power
for all resistance measurements. For each
range, the circuit is arranged so the meter will
indicate zero, ohms, and full scale deflection
when the red test lead and the black test lead are
shorted together. When you connect a resistance
between the test leads, this resistance will be in
series with the instrument circuit, and less
current will flow through the meter movement.
The amount of reduced meter deflection indi-
cates how much resistance is between the test
leads.

Function Switch S-101

Function switch S-101, (fig. 5-1) located in
the lower left-hand corner of the front panel,
selects the type of circuit for which the instru-
ment is connected. There are two positions for
d-c volts: direct and reverse. The normal posi-
tion is direct. When using the meter to make a
d-c¢ voltage measurement and a connection is
made which causes the meter to read backwards
(deflection of the pointer to the left), set switch
S-101 to reverse and the pointer will be de-
flected up-scale. To read alternating current
voltages, set switch S-101 to the ACV position.

ACV)

MULTIPLIER|
<={ RED TEST LEAD |-{ _ro”o- RESISTORS
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METER
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l
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Figure 5-3.—Functional block diagram of a-c and output voltage circuits.
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Figure 5-4.—Functional block diagram of d-c¢ current circuits.

A rectifier within the instrument rectifies the
a-c voltage to an equivalent d-c value, and the
meter indicates the RMS value of the applied
voltage. To read the a-c portion of mixed a-c
and d-c voltages, set switch S-101 at OUTPUT.
Set switch S-101 at d-¢ uA MA AMPS to read
direct current. Asmentioned previously, switch
S-101 also serves as a range switch for resist-
ance measurements.

Range Switch S-102

This eight-position range switch located in
the lower right corner of the front panel permits
the selection of voltage and current ranges. The
full scale value for each range switch positionis
marked on the front panel.

Zero Ohms Control

The ZERO OHMS control is located near the
center of the front panel. Each time the function
switch S-101 is placed in a position to read re-
sistance, short the test leads together and rotate

the ZERO OHMS controlknob to make the pointer
read full scale, or zero ohms. If you cannot
bring the pointer to full scale, replace the bat-
tery in the rear of the case.

Test Leads and Test Jacks

There are two test leads, W-101 and W-102,
(fig. 5-6) which are needed for all measurements
except those which require the 5000 VDC range.
Test lead W-101 is red and test lead W-102 is
black. Unlessotherwise specified, connect black
test lead W-102 in the common jack, J106, and
connect the red test lead W-101 in the +V MA
OHMS jack, J101. For the 1000 VDC range, place
red test lead W-101 in the 1000 VDC jack, J-103.
For the 1000 VAC range, place red test lead
W-101 in the 1000 VAC jack, J104. Use the red
test lead to contact the positive side of the source
for d-c measurements and the black test leadto
contact the negative side. For the 5000 VDC
range, use black test lead, W-102 in the common
jack, J-108, and use the high voltage test lead,
W-108, screwed on over recessed post J-102,
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Figure 5-5.—Functional block diagram of ohmmeter circuits.
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lead) is used to contact the sources of r-f volt-
ages, and it may be used in place of W-102 to
contact a-c voltages if they do not exceed 100
volts. When it i8 not in use as a probe, W-104
must be returned to its place in the lead com-
partment so that its diode can be used to rectify
any a-c voltage which will be contacted by
W-102. The large probe W-104 contains a rec-
tifying tube with two capacitors. These four
probes and leads, together with a-c power lead
W-105, high voltage probe extension E-109,
diode probe ground lead W-106, and three alli-
gator clips, E-106, E-107, and E-108, are all
stored in the special lead compartments at the
bottom of the front panel when they are not in
use.

Front Panel Controls

The front panel controls (fig. 5-7), consist of
a T-position function switch, S-101; an 8-position
range switch, S-102; a push switch, S-108, which
is used to change the reading of a-c and r-f
voltages from RMS to peak-to-peak; a power
switch, S-104, labeled ON and OFF; pilot lamp
I-101 which lights when power is on; anelectri-
cal zero adjuster for the bridge circuit, (R-156),
called zero adjust; an OHMS ADJUST control
(R-126), for full scale deflection with infinite
resistance for ohms measurements; and a
screwdriver controlled adjustment (R-122),
which compensates for contact potential for a-c
and r-f voltage circuits. Function switch S-101
has six positions which designate the type of
measurement which can be made.

D-C Voltmeter Circuits

The d-c voltages up to 1000 volts are con-
tacted with d-c probe W-101 and ground return
common probe W-103. Resistors R-102 and
R-108 (fig. 5-8), act as isolating resistors for
the instrument to reduce the voltage applied to
the tapped divider to one half the voltage con-
tacted by the probes. Resistors R-107 through
R-115 act as a voltage divider for the remaining
voltage. Part of this voltage is tapped by range
switch S-102, and is applied to the signal grid
(pin 1) of bridge tube V-108. If the voltage which
is contacted does not exceed the range to which
switch S-102 is set, the maximum voltage change
applied to the pin 1 grid of tube V-108 is 1/2
volt. This 18 sufficient to cause full scale de-
flection of meter M-101. Any smaller voltage
input will cause a proportional fraction of 1/2
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volt to be applied to the tube grid, and the meter
pointer will be deflected a proportionally smaller
amount. Function switch S-101 includes a pro-
vision for reversing the meter polarity. If probe
W-101 contacts negative voltage, switch S-101
in its - D.C.V. position will make the meter
read up-scale, or if it contacts positive polarity,
the switch in its + D,C.V, position will apply the
proper polarity to the meter. For measuring
more than 1000 volts, but not more than 5000
volts, attach DC probe extension E-109 to the
end of DC probe W-101. This increases the total
input resistance to 250 megohms by connecting
resistor R-101, 200 megohms, in series with
the normal 50 megohm input circuit. When
5000 volts is contacted by the probe extension,
E-109, 1/2 volt is applied to the signal grid of
tube V-103 and the meter is deflected to full
scale. When any fractional part of 5000 volts is
contacted, a similar fractional part of 1/2 volt
is applied, to the grid, and the meter reads the
same fractional part of its full scale deflection.

A-C Voltmeter Circuits

The a-c voltages are rectified with tube V-101
in diode probe W-104 to produce a d-c voltage
equal to the peak-to-peak value of the applied
a-c voltage. The resulting d-c voltage is ap-
plied across the divider network. Range switch
S-102 selects some portion of it to connect to
the signal grid of bridge tube V-103. As this
d-c voltage i1s proportional to the a-c voltage
which is being measured, and the meter deflec-
tion is proportional to the d-c voltage, the meter
indicates a-c voltage directly. The most com-
mon a-c voltage measurement consists of de-
termining the RMS value of a sine wave form of
voltage; for this reason, meter M-101 is cali-
brated in RMS values for a sine waveform.
Pressing switch S-103 shorts out part of the
meter calibrating resistance, providing 2.828
times as much meter deflection as is obtained
with the same voltage input without pressing
switch S-103. The reading thus obtained is the
peak-to-peak value, and 18 correct forall wave-
forms provided they have a duty cycle of at least
4 x10-6. The duty cycle is the ratio between
the pulse width and the time between like portions
of successive pulses,

The a-c voltages can be measured with any
of several combinations of probes. Diode probe
W-104 can be used to contact the source of a-c
voltage directly, providing the voltage has a
value no greater than 100 volts, RMS. If the
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diode probe is used as the test lead, either the
short diode probe ground lead W-108 may be
screwed into the housing of the diode probe and
used as the ground return for the measured sig-
nal, or common test lead W-103 may be used as
the ground return. For voltages greater than
100 volts RMS, do not use diode probe W-104
to contact the voltage being measured, or it will
be damaged.

The red test lead, W-102, canbe used to con-
tact any a-c voltage up to 1000 volts RMS. Com-
mon test lead W-103 is then used as the ground
return, Alligator clips E-106 and E-107 may
be screwed over the ends of leads W-102 and
W-103 to make connections to circuits more
convenient if it is desired.

R-F Voltmeter Circuits

All r-f voltages are applied directly to the
diode probe, W-104, and are rectified with tube
V-101 and the associated circuit inside the probe
handle. Ground lead W-106, screwed in place
on the side of W-104, is the ground return for
r-f measurements. The resulting d-c voltage
is applied across the divider network and a por-
tion of it is connected to the signal grid of bridge
tube V-103. As this d-c value is proportional
to the peak-to-peak value of the applied voltage,
and meter deflection is proportional to the d-c
voltage, the meter indicates r-fvoltage directly.
If the voltage being measured has a true sine
wave form, the RMS value can be read directly
on meter M-101. However, if the wave form is
any shape other than a sine wave, the RMS value
has no meaning; press the switchmarked PRESS
FOR PEAK TO PEAK, S-103, to obtain a peak-
to-peak reading on the meter. The peak-to-
peak value which is obtained by pressing switch
S-103 is correct for all wave forms, providing
they have a duty cycle of at least 4 x 10-6,

Ohmmeter Circuits

Resistance measurements are made with
probes W-102 and W-103. When they are shorted
together, the signal grid of tube V-108 is con-
nected to ground potential and no meter deflec-
tion occurs., When the probes are separated
with infinite resistance, the voltage at the signal
grid of the bridge tube is 1.5 voltsnegative with
respect to ground, and meter M-101 will read
full scale deflection. Battery BT-101 furnishes
1.5 volts. The OHMS ADJUST potentiometer,
R-126, 18 a meter sensitivity adjustment which
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compensates for aging of the battery. The set-
ting of range switch S-102 determines which of
the range resistors is in the circuit. The range
resistor and the battery are in series with the
test leads. When any external resistance is
contacted with the test probes, this resistance
is in series with the range resistance. Part of
the battery voltage is dropped across each of
the resistors, and the amount of voltage across
the resistance between the test probes is the
amount which is connected to the signal grid of
bridge tube V-103.

Milliammeter Circuit

The milliammeter circuit uses meter M-101

in series with resistor R-144, and a ring shunt

in parallel with this combination. Test leads
W-102 and W-103 are used for current measure-

ments. Test lead W-102 is the positive lead, '

and test lead W-103 is negative. There i8 no
grounded point in the milliammeter circuit, so
the meter can be connected at any point in the
measured circuit.

The milliammeter circuit is entirely inde-
pendent of the electronic circuits, and it does
not matter whether power lead W-105 is con-
nected to an a-c source, or whether power switch
S-104 is set at ON or at OFF. The current,
passing through the circuit from probe W-102
to probe W-103, will divide through the parallel
circuit in inverse proportion to the resistance
of the two paths. The portion which passes
through meter M-101 causes a deflection pro-
portional to the total current. The position of
range switch S-102 indicates how much total
current has to be flowing to make the meter
read full scale deflection. The maximum voltage

drop for milliammeter measurements is 250

millivolts for any range.

Microammeter Circuit

When function switch S-101 is set at 100 x

a-d-c resistor R143 is shunted across meter
M-101. The meter sensitivity is 50 micro-
amperes and has a resistance of 2000 ohms.
When it is shunted with resistor R-143, which
has an equal resistance, the current divides
with half through the meter, M-101, and the
other half through resistor R-143. When 100
microamperes flow through the circuit from test
lead W-102 to testlead W-103, 50 microamperes
will flow through meter M-101 to cause full-
scale deflection. Any part of 100 microamperes
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through the circuit will cause a proportionally
smaller amount of current to flow throughmeter
M-101, and a proportionally smaller deflection
will result.

MAINTENANCE

Recommended preventive maintenance pro-
cedures for multimeters AN/PSM-4A and
ME-25B/U are presented below.

Weekly: Inspect the front panel, and clean
with a dry cloth. Use dry compressed air to
blow out dust and dirt. Check the mounting
screws, switches, jacks, control knobs, fuse
and pilot lamp covers, meter dial cover, and
test leads, probes, and power leads. Tighten
loose screws and knobs as necessary. Inspect
the battery and battery trough for any dirt or
corrosion, or any swelling of the battery case.
Remove any corrosion with crocus cloth. Re-
place the battery if it shows any signs of
swelling.

Monthly: Inspect all resistors and capacitors
for dirty surfaces, corrosion, discoloration,
and loose mountings and connections. Inspect
the contacts of all switches. Inspect and test
all electron tubes (ME-25B/U). Replace any
weak tubes. The multimeter must be recali-
brated when V-108 is replaced. Check the
indications of the multimeters against the indi-
cations of another piece of test equipmentknown
to be in good working order, or against standard
values of voltage and resistances. Recalibrate
as necessary.

TUBE TESTERS

Tube testers are discussed in Introduction To
Electronics, NavPers 10084 and Basic Elec-
tronics, NavPers 10087-A. The design of mod-
ern tube testers is such that no special preventive
maintenance procedures are required. The
following precautions apply to most tube testers:

1. Do not connect the tester intoad-c power
supply line. Be sure the power line is 105 to
125 VAC at a frequency between 50 and 1600
cps

2. Do not insert a tube in any test socket
without first properly adjusting the controls.

3. Check all tubes for shorted elements first.
If the tube is shorted, do not make any other
tests.

4. Do not push the mutual conductance push-
button when testing rectifier tubes.
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Tube Tester Limitations

In general, tube testers do not completely
indicate tube performance because they present
a fixed impedance to the tube grid and plate
which may or may not be that of the equipment
in which the tube is to operate. Also, the tester
takes no account of the interelectrode capacity
of the tube. Military specifications allow a wide
deviation of interelectrode capacity whichmakes
an accurate prediction of tube performance with
a tube tester difficult. The range of operating
frequency affects performance also.

It is impracticable to design a complete test-
ing instrument that will evaluate the perform-
ance of any tube in any circuit in which it is
being used. A tube may test low on the tester
and yet work perfectly well in the circuit or, on
the other hand, it may check good in the tester
and not function in the equipment. As a rule,
therefore, only dead, shorted, or extremely weak
tubes should be discarded purely on the basis of
a tube tester check.

Further, it is NOT advisable to replace a
large number of tubes especially in high fre-
quency circuits without checking their effect on
the circuit, one tube at a time. In any com-
plicated circuit it is bad practice to arbitrarily
replace a large number of tubes. It is better
to replace them either tube by tube or in small
groups. Be sure to replace each tube with an
identical replacement.

MEGGERS

Meggers (megohmmeters) are used pri-
marily to test insulation resistance. A megger
employing a 500 volt d-c generator is described
in Basic Electricity, NavPers 10086-A. Another
type of megger employing an a-c generator, a
rectifier, and an ohmmeter circuit with a con-
ventional d-c milliammeter (Insulation Test Set
AN/PSM-2A) is illustrated in figure 5-9. It is
designed to measure insulation resistance from
0 to 1000 megohms. The testing voltage is 500
volts d-c.

The meter pointer should read infinite re-
sistance when there are no external connections
to the output binding posts, L, and GND, If the
pointer does not stand over the infinity mark,
it is necessary to adjust the meter adjustment
screw until the pointer stands over the infinity
mark. When the meter terminals are short-
circuited and the crank is turned at normal
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rpm will apparently be stationary if viewed un-
der a light that flashes uniformly 1800 times per
minute, At 1799 flashes per minute, the blades
will appear to rotate forward at 1 rpm, and, at
1801 flashes per minute, they will appear to ro-
tate backward at 1 rpm.

Because the human eye retains images for a
fraction of a second, no flicker is seen except
at very low speeds. The apparent slow motion
is an exact replica of the original higher speed
motion, so that the action of a high-speed ma-
chine can be analyzed under normal operating
conditions.

When the flashing rate of the light is adjust-
able, the control can be calibrated in flashes
(or revolutions) per minute, The stationary
image seen when the flashing rate of the lamp
and the rotational rate of a shaft are equal per-
mits very precise speed measurements to be
made.

The Strobotac is an electronic flash device,
in which the flash duration is very short (of the
order of a few millionths of a second), which
allows very rapid motion to be arrested.

Figure 5-11 is a photograph of the Strobotac.
The box contains a strobotron lamp in a parabolic

SPEED SPEED SCALE
CONTROL &)
TROBO!
JEON L ;
REED
LUX
REED K
WWITCH |
'ERNAL "
rACTOR ;
\CK £ :
CLE
TRIMMER SWITCH TRIMMER RANGE SWITCH
PANEL VIEW OF STROBOTAC REAR VIEW OF STROBOTAC |
;
140.31 |

Figure 5-11.—Strobotac.
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reflector, an electronic pulse generator to con- '
trol the flashing rate, and a power supply that .
operates from the a-c power line. The flaghing t
rate is controlled by the large knob (see photo), :
and the corresponding speed in rpm isindicated

on an illuminated drum dial on the top face oft
the unit. The flashing rate canalsobe controlled :
from an external generator, contactor, or the:
a-c power line. ‘

+r

The normal speed range is from 600 to
14,400 rpm. An additional low range extends |
down to 60 rpm. Speeds greater than 14,400
rpm can be measured by using flashing rates:

that are simple submultiples of the speed to be *
measured. ’

At speeds below 600 rpm, flicker becomes ;
pronounced because the human eye cannot retain f
successive images long enough to create the :
illusion of continuous motion. The flicker and
the low average level of illumination set 600
rpm as the lower limit of speeds usedfor slow- -
motion studies. If slow speedsare tobe checked, -
it is necessary to use an external flash with :
higher intensity than the built-in flash in order l~
to raise the average level of illumination. :
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The life of the strobotron tube is approxi-
mately 250 hours if used at flashing speeds of
less than 5000 rpm, or 100 hours if used at
higher speeds.

If the Strobotac is operated continuously at
the higher speeds, the strobotron cathode emis-
sion may eventually be reduced to the point where
the tube is inoperative. When this happens, the
tube wusually glows with a dull red color, but
will not flash., Flickering is another symptom
of low cathode emission.
| It is sometimes possible to restore opera-
tion by running the tube at low speeds for sev-
eral hours. Eventually, however, the tube
becomes completely inoperative and must be
replaced.

. PRECAUTIONS (FREQUENCY)

‘ The Strobotac is standardized, in terms of
_the a-c line frequency, by using a metal reed
It.ha.t projects through the lamp reflector. This
-reed is driven from the a-c power line, and
with a 60-cycle supply vibrates 7200 times per
"minute, or twice for each cycle of line voltage.
When t.he Strobotac flashing rate corresponds
to the reed vibration rate, a multiple of it, or a
submultiple of it, the reed will appear to stand
still. The points on the Strobotac dial at which
this occurs can then be used to standardize the
dial calibration. The absolute accuracy of this
calibration depends on the accuracy to which the
line frequency is maintained at the power plant.
If the line frequency is other than 60 cps, it
will be necessary to calibrate the instrument
according to the calibrating instructions on the
back of the case.

CATHODE-RAY OSCILLOSCOPE

Your ability to properly operate an oscillo-
scope will not only help you perform your duties
but will provide a means of visually illustrating
the operation of various electrical circuitstobe
studied as you advance in rate.

A typical cathode-ray oscilloscope is shown
in figure 5-12. A description of the operating
controls and their function is as follows:

FRONT PANEL CONTROLS:

INT-OFF—operates the power off-on switch
and controls the intensity or brightness of the
image on the screen.

| FOCUS—adjusts the focus or sharpness of the
* trace on the cathode-ray tube.
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HOR. and VERT. POS. (left-right, down-up)—
used to adjust the position of the trace on the
screen, either horizontally or vertically.

HORIZONTAL AMP. PANEL:

HOR. ATTEN-—selects the source of signal,
a-c with attenuation sweep, or d-c. The signal
is then fed to the horizontal amplifier.

HOR. GAIN-—controls the gain of the hori-
zontal amplifier.

DC—connection for d-c input to the horizontal
amplifier.

AC—connection for a-c input to the horizontal
amplifier.

GND—connection for ground when using
either a-c or d-c inputs to the horizontal am-
plifier.

SWEEP CIRCUIT OSC. PANEL:

COARSE FREQUENCY-provides a coarse
adjustment of the sweep frequency.

VERNIER FREQUENCY-—provides a fine or
vernier adjustment of the sweep frequency.

SYNC. CIRCUIT PANEL:

SYNC. SELECTOR-provides for the selec-
tion of the synchronizing voltage source as
follows:

LINE-signal is taken from input to power
supply.

EXT.—signal is supplied by an external
source connected to the EXT. terminal.

INT.-—signal is taken from the input to
the vertical amplifier.

LOCKING-selects the polarity and ampli-
tude of the synchronizing voltage applied to the
sweep circuit oscillator.

EXT.—input for external synchronizing volt-
age.

Z AXIS—connection for external voltage to
be used in intensity modulation of the electron
beam.

LINE—an external source of line supply
frequency.

VERTICAL AMP. PANEL:

VERT. ATTEN.-provides for attenuation of
a-c signals or d-c input without attenuation.

VERT. GAIN—controls the gain of the verti-
cal amplifier,

DC—connection for d-c input to the vertical
amplifier,

AC—connection for a-c input to the vertical
amplifier.

GND-—connection for ground when using
either a-c or d-c inputs to the vertical amplifier.

OPERATION.—~The operation of the 0S-8C/U
cathode-ray oscilloscope for observation of
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continuously at a one-megacycle rate. Oscillo-
scope Subassembly, Horizontal Channel, Auxil-
iary Plug-in Unit MX-3078/USM-105A permits
single-sweep operation and external intensity
modulation.

TEST PRODS

The test prods are used to decrease circuit
loading. The one megohm input impedance of the
vertical and horizontal circuits plus the shunt
capacity of a cable connecting the oscilloscope
to the test circuit may degrade the operation of
the circuit under test. The test prod increases
input impedance to 10 megohms shunted by 10
picofarads. The test prod also introduces a
10:1 voltage division which must be considered
when translating waveform deflectionon the CRT
into volts.

The test prod has an adjustable compensating
capacitance so the prod can be matched exactly
to a particular input of the oscilloscope. The
procedure for matching a test prod to the Chan-
nel A input of the dual-trace preamplifier is
given below. The procedure is similar for
matching a test prod to any other input.

1. Connect test prod cable to Channel A IN-
PUT, (fig. 5-14).

2. Select CHANNEL A and set Channel A
SENSITIVITY switch to .02 VOLTS/CM.

3. Set SWEEP TIME switch to .5 MILLI-
SECONDS/CM, HORIZONTAL DISPLAY switch
to X1, TRIGGER SOURCE switch to INT, and
SWEEP MODE control to PRESET.

4. Set CALIBRATOR switch to 1 and touch
test prod to VOLTS terminal of calibrator out-
put. A square wave five centimeters high should
appear on the CRT.

5. Loosen knurled locknut just behind rear
flange on test prod body.

6. Hold test prod behind locknut and rotate
rear flange to give flat-topped square wave.

7. Tighten knurled locknut without disturbing
adjustment. This completes the adjustment.

OPERATING INSTRUCTIONS

The following procedures give step-by-step
operating instructions for Oscilloscope AN/
USM-105A. The first procedure gives complete
instructions for single-channel operation. The
remaining procedures give instructions peculiar
only to the modes of operation with which they
are concerned.

Before making any test or measurements,
allow the instrument about 5-minutes warmup.
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Rotate INTENSITY control fully counterclock
wise before turning instrument on to preve:
accidental burning of the CRT face during warm

‘ Use the test prods and other accessorie
furnished with the oscilloscope as necessar;

Single Trace Operation-Internal Sweep

1. Connect vertical signal to INPUT of Chan
nel A,

2. Set Vertical Presentation switchto Chan
nel A,

3. Set SENSITIVITY switch for ChannelA:
desired. (Set VERNIER to CALIBRATED fo
calibrated sensitivity.)

4. Set input coupling for a-c or d-c couplin
as desired.

5. Set POLARITY switch to +UP or -UPa
desired.

6. Set TRIGGER SOURCE as desired. .
external trigger is used, connect it to trigge
source INPUT.

7. Set INTENSITY MODULATION a1
SWEEP OCCURRENCE switches to NORMAI

8. Set HORIZONTAL DISPLAY switch to
TERNAL SWEEP X1,

9. Set SWEEP MODE to PRESET.

10. Set TRIGGER SLOPE switch for trigger
ing on positive or negative slope of trigger sigu:
as desired.

11. Set TRIGGER LEVEL control to 0.

12. Set SWEEP TIME switch for desire
sweep time (set VERNIER control to CAL FO
calibrated sweep time).

13. Set INTENSITY control as desired.

14, Adjust VERTICAL POSITION and HOR
ZONTAL POSITION controls as desired.

15. If trace does not appear on screen, pres
BEAM FINDER switch and readjust position cor
trols to center trace.

16. Adjust TRIGGER LEVEL control to sta
trace at desired level of trigger signal. It m:
be necessary to switch SWEEP MODE contr
from PRESET and select a better setting for tt
particular trigger signal being used.

Note

To use Channel B for single trace oper-
ation follow the above procedure except to
substitute Channel B controls and termi-
nals for the Channel A controls and ter-
minals called out in the procedupe.
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Dual Trace Operation

1. Connect one signal to INPUT connector of
Channel A and set Channel A controls as desired.

2. Connect second signal to INPUT of Chan-
nel B and set Channel B controls asdesired.

3. Set Vertical Presentation switch to
CHOPPED for display of both signals on same
sweep, to ALTERNATE for display of signals
on alternate sweeps.

Note
For best results, use external triggering.

Differential Operation

1. Connect one signal to INPUT of Channel A.

2. Set SENSITIVITY switch of Channel A as
desired.

3. Connect second signal to INPUT of Chan-
nel B,

4. For best results, set SENSITIVITY of
Channel B to same setting as SENSITIVITY of
Channel A.

5. Set POLARITY switch of Channel A to
+UP.

6. Set Vertical Presentation switch to A-B.

7. If vertical adjustment is necessary, use
VERTICAL POSITION control of Channel A.

Internal Sweep Magnification

1. Set SWEEP TIME switch as desired. (Set
VERNIER control to CAL for calibrated sweep
time.)

2. Set HORIZONTAL DISPLAY switch to
INT)ERNAL SWEEP X1 (unmagnified sweep posi-
tion).

3. Adjust HORIZONTAL POSITION control
to place portion of trace to be magnified under
vertical center line of graticule (lined scale on
the screen of the CRT).

4, Set HORIZONTAL DISPLAY to desired
magnification.

5. Readjust INTENSITY as necessary.

8. If selected sweep time with magnification
is less than minimum calibrated sweep time
(0.02 microseconds/cm), SWEEP UNCAL indi-
cator will light indicating that sweep time is no
longer calibrated.

External Horizontal Input

1. Connect horizontal signal to horizontal
INPUT connector.
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2. Set horizontal input coupling switch to a-c
or d-c as desired.

3. Set HORIZONTAL DISPLAY to desired
external sensitivity.

4. Adjust HORIZONTAL POSITION control
as desired.

Intensity Modulation

1. Set INTENSITY MODULATION switch to
EXTERNAL.

2. Connect modulation signal to external in-
tensity modulation INPUT connector. Positive
signal of 20 volts peak will blank trace from
normal intensity; negative signal will brighten
trace.

Single Sweep Operation

1. Set SWEEP OCCURRENCE switch to
NORMAL.

2. Set SWEEP TIME switch as desired. (Set
VERNIER control to CAL for calibrated sweep
time.)

3. Set TRIGGER SOURCE switch according
to trigger signal used.

Set SWEEP MODE as desired.
Set TRIGGER SLOPE as desired.
Adjust TRIGGER LEVEL as desired.

7. Set SWEEP OCCURRENCE to SINGLE.

8. To arm sweep circuit, switch SWEEP
MODE just out of PRESET and back to PRESET,
or apply pulse 1 to 4 microseconds long and +15
to +25 volts peak to ARMING INPUT connector.

9. SWEEP ARMED indicator willlight. After
sweep, indicator will extinguish, and sweep cir-
cuit will remain disabled until rearmed.

5.
6.

Connecting Signal Directly to
CRT Deflection Plates

CAUTION

Do not contact CRT deflection plate ter-
minals with instrument turned on. These
terminals are normally operated about
+200 volts,

1. Turn oscilloscope off and remove access
plate on top of cabinet.

2. Remove leads from vertical deflection
plate terminals D3 and D4, (fig. 5-15).

3. Connect components as shown in figure
5-15. Use capacitors with good high-frequency
response. Front-panel VERTICAL POSITION
control remains effective.
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Figure 5-15.—Direct connection to deflection
plates of cathode-ray tube.

4, For single-ended input, ground common
signal lead as shown by dashed ground lead in
figure 5-15. For balanced input leave both sig-
~ nal leads ungrounded.

5. Turn oscilloscope on. Use external signal
to trigger sweep.

MAINTENANCE

Preventive maintenance for oscilloscopes
consists of periodic cleaning and inspections.
No lubrication is required. Use dry compressed
air, or a dry cloth and a softbrush for cleaning.
It may benecessary to use a dry-cleaning solvent
to clean the ceramic insulators, but care should
be taken not to remove the special paint, Do not
use solvent on the chassis as it may soften the
tropicalizing paint. Compressed air or a brush
is best for cleaning the electron tubes. Keep all
tubes that operate at a high temperature clean,
as a layer of dust will interfere with the heat
radiation and raise the operating temperature.

Remove all tubes from their sockets periodi-
cally and inspect the pins and sockets. Remove
any corrosion from the pins with crocus cloth.
Check the plate connections of the high voltage
rectifier tubes to ensure that they are cleanand
tight. Remove all fuses and check for looseness
and corrosion.

Inspect the AN/USM-105A air filter fre-
quently and clean if necessary. Check the fan
motor brushes at least monthly.
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SIGNAL GENERATORS

Signal generators are test equipments that
generate a-c signals. They are used for signal
tracing, aligning tuned circuits, making sensi-
tivity measurements, and frequency measure-
ments. Audiofrequency signalgenerators (audio
oscillators) have a frequency range of from 20
to 20,000 cycles (up to 200 kc in some cases).
Radio frequency signal generators have fre-
quency ranges from 10 kc to 10,000 mc. As an
IC Electrician, you will be concerned withaudio
oscillators. A representative audio oscillator
is discussed below.

AUDIO OSCILLATOR TS-382D/U

Audio Oscillator TS-382D/U (fig. 5-16) gen-
erates a-c voltages ranging from 20 to 200,000
cycles per second at amplitudes which may be
varied continuously from zero to 10 volts. The
set contains thermostatically controlled heaters
which reduce the time required for the instru-
ment to reach a stable operation temperature.
The heaters also permit satisfactory operation
in arctic climates. The audio oscillator oper-
ates from a 115 volt a-c source, at a line fre-
quency of 5- cps to 1600 cps.

The circuit (fig. 5-16B) consists of anoscil-
lator section which generates the audio voltage,
an amplifier which isolates the oscillator from
the external circuit and amplifies the audio
voltage, an output level metering circuit withan
attenuator, a power supply, an electronic volt-
age regulating system, and a cathode follower
which isolates it from the remainder of the
circuit.

OSCILLATOR.—The oscillator section in-
cludes tubes V101 and V102 (fig. 5-17) and con-
sists basically of a two stage resistance coupled
amplifier which is caused to oscillate by the use
of positive feedback.

OUTPUT AMPLIFIER.—The output section
consists of a two-stage resistance coupled am-
plifier employing tubes V103 and V104. Negative
feedback is used to minimize distortion and
provide uniform output. The output is constant
within two db, over the frequency range covered
by the instrument.

OUTPUT SYSTEM.-The output system con-
sists of an output level meter (M101), a gain
control (R138), and a six-section ladder type
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high voltage to the full wave rectifier V105,
which converts the a-c voltage to pulsating d-c.
The rectified wave passes through a single sec-
tion pi filter L101, C118, C114 where the a-c
component is removed.

VOLTAGE REGULATING SYSTEM.-—The fil-
tered d-c is regulated by a degenerative type
voltage regulator employing tubes V106, V107,
and V109. The regulator is designed to supply a
constant voltage of 230 volts to the plate circuit
of the various tubes.

The voltage regulating system operates as
follows: Assume that the voltage across R146,
R147, and R148 rises due to variation in line
voltage or changes in the load. The voltage on
the control grid of V107 then increases. This
increased current causes the plate voltage to de-
crease, and as the control grid of V106 is con-
nected to the plate of V107, the voltage of this
control grid also decreases. The current through
V108 then decreases, restoring the proper volt-
age (230 volts) across R146 and R148.

FREQUENCY METER.—A vibrating reed
type meter permits accurate check of the output
frequency of the oscillator at 60 cps and 400 cps.
The meter has been factory adjusted to an ac-
curacy of three-tenths of one percent. This
meter, M102 is isolated from the second oscil-
lator tube V102 by a cathode follower stage V108
to prevent shifts in frequency when the frequency
meter is in operation.

STAND-BY-HEATER.~Five strip heaters
HR101, HR102, HR103, HR104, and HR140 are
used to decrease the time required for the unit
to reach stable operation and to permit satis-
factory operation in colder climates. These
strip heaters are controlled by a built-in thermo-
stat, S4, calibrated to maintain the temperature
at 20° C. An ON-OFF switch S8, and an indi-
cator light are included in the heater circuit.

Operation

Audio Oscillator TS-382D/U should be al-
lowed a warm-up period of at least 15 minutes,
in order to reach a stable operating tempera-
ture. Audio frequency output i8 taken from the
oscillator at the output connector on the lower
right hand side of the front panel (fig. 5-16A),
The output cable may be used either with the
adapter connector (UG-514/U), or the dummy
load (DA-35/U) marked 1,000 OHM LOAD, for
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high impedances. Use of the dummy load with
high impedance external loads maintains the
accuracy of the metering circuit calibration.

The controls of Audio Oscillator TS-382D/U,
and their functions, are as follows:

Control Function
Oscillator Power Switch
Switch for stand-by heater
Selects frequency range

0OSC: On, Off
HEATER: On, Off
RANGE X1, X10,

X100, X1000

Main Tuning Dial Selects frequency within

each range

OUTPUT LEVEL Indicates voltage input to
(METER) attenuator

OUTPUT LEVEL  Adjusts voltage input to at-
(CONTROL) tenuator

ATTENUATOR Reduces output voltage in

sub-multiples of ten.

STARTING PROCEDURE.-Plug the female
end of the power cable into the power socket in
the lower left-hand corner of the front panel.
With the OSC switch and HEATER switch in OFF
positions, plug the male end of the power cable
into a 115 volt a-c source. Check the line volt-
age with a voltmeter to be sure that it is correct.
Throw the OSC switch to ON position and check
to see that the pilot lamp directly above the
switch lights. Allow the instrument to warm up
for at least 15 minutes. Atlowambient temper-
atures, it isadvisable to turn the HEATER switch
to the ON position.

SELECTING FREQUENCY.—-Any frequency
from 20 to 200,000 cps may be selected by set-
ting the main tuning dial and the range switch so
that the two readings, when multiplied together,
equal the desired frequency. For example, to
select an output frequency of 52,000 cps, set the
main tuning dial to 52 and the range switch to
X1000. Do not force the main tuning dial beyond
its normal travel as it may destroy the calibra-
tion of the instrument.

SELECTING OUTPUT VOLTAGE.-Voltages
from zero to 10 volts may be selected by using
the OUTPUT LEVEL control in conjunction with
the attenuator switch. The attenuator is cali-
brated in seven decade steps so that with the
output meter set to 10 volts, output voltages of
10 volts to 10 microvolts can be obtained by
simply switching the attenuator. For interme-
diate values of output voltage, the OUTPUT
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LEVEL control is varied so that the output meter
reads the desired voltage. The attenuator switch
is then set so that its value, multiplied by the
output meter reading, gives the desired output
voltage level. For example, to obtain an output
voltage of 0.04 volts, set the meter by means of
the OUTPUT LEVEL control to read 4 volts,
and set the ATTENUATOR switch to the .01 posi-
tion. The output voltage will then be the meter
reading multiplied by the attenuator setting, or
0.04 volts.

STOPPING PROCEDURE.-The oscillator is
turned off by throwing OSC switch to OFF posi-
tion. If the heaters have been used, they should
also be turned OFF. Remove the power plug
first from the supply line and then from the front
panel, remove the output cable, and replace the
unit in its transit case.

Maintenance

The following periodic inspections are rec-
ommended for Audio Oscillator TS-382D/U at
the intervals indicated:

Weekly: Inspect front panel of Audio Oscil-
lator, check fuseholders, indicator lamp
assemblies, power plug, output plug,
cables, dummy load, and adapter connec-
tor.

Monthly: Check tightness of knobs.

Semiannually: Inspect frontpanel, tubes, and
tube socket, switches, variable capaci-
tors, thermostat contacts, terminal
boards, and chassis.

To check that the Audio Oscillator is oper-
ating properly, set the main tuning dial to 60,
and the range switch to X1 (the lowest frequency
range). This sets the frequency of the oscillator
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at 60 cps. Turn the tuning dial back and forth
slightly until the reed in the Frequency Meter
marked 60 cycles/sec vibrates with maximum
amplitude. This point should be correct within
one division.

Similarly, the output at 400 cps may be
checked by setting the main tuning dial to 40
and the range switch to X10. The main dial set-
ting should be correct within one and a half divi-
sions when the 400 cycle per sec reed vibrates
with maximum amplitude. Turn FREQ. METER
switch to OFF position after checking the fre-
quency calibration.

Use a clean, dry lint-free cloth or a dry
brush for cleaning. All control knobs should be
tightened using an Allen wrench. Do not loosen
the three set-screws on the main tuning dial
plate behind the knob on the main dial as the
frequency calibration of the instrument will be
destroyed. :

Should the contacts of the RANGE switch,
or the ATTENUATOR switch become covered
with a heavy accumulation of dust, dry com-
pressed air of not more than five pounds pres-
sure may be used, followed by careful cleaning
with a small camel’s hair brush. Care must be
exercised when using the brush, not to damage
any of the resistors mounted on these switches.

No lubrication of any kind is required for
Audio Oscillator TS-382D/U. The main tuning
capacitor and the associated panel bearing have
been lubricated at the factory and donot require
further lubrication.

Do not tamper with any of the alignment ad-
justments as these will affect the frequency
calibration of the instrument. Removal of any
tube other than those in the power section in-
volves recalibration of the oscillator. Tubes
V105, V108, V107 and V109 may be replaced
without recalibrating the instrument,



CHAPTER 6

SOUND-POWERED TELEPHONES

Telephones provide a rapid and efficient
means of communication between the many
stations aboard ship. A satisfactory telephone
system must be reliable and not susceptible to.
damage during battle; it must make possible
rapid completion of calls; and it must be easy
to maintain. The sound-powered telephone ful-
fills these requirements. As the name implies,
the sound-powered telephone requiresno outside
power supply for its operation. The sound
waves produced by the speaker’s voice provide
the energy necessary for the reproduction of
the voice at a remote location.

In addition to sound-powered telephones,
some ships are provided with automatic dial-
type telephones. The dial telephone system is
used for administrative purposes and is not
depended upon under battle conditions. The
dial telephone system is discussed in chapter
9 of this training course. This chapter dis-
cusses sound-powered telephones and associated
circuits and equipment.

MAGNET
DIAPHRAGM

SOUND-POWERED UNITS

The sound-powered transmitter (micro-
phone) and receiver units in some telephones
are identical and interchangeable. Other tele-
phones have sound-powered units that differ
slightly. The principle of operation, however,
is the same for both the transmitter and re-
ceiver.

As illustrated in figure 6-1, a unit consists
of two permanent magnets, two pole pieces, an
armature, a driving rod, a diaphragm, and a
coil. The armature is located between four
pole tips, one pair at each end of the armature.
The spacing between the pole tips at each end
is such that an air space remains after the
armature is inserted between them. This air
space has an intense magnetic field, which is
supplied by the two magnets that are held in
contact with the pole tips.

The armature is clamped rigidly at one end
near one of the pairs of poles and is connected
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Figure 6-1.—Sound-powered transmitter unit.
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at the other end to the diaphragm by the drive
rod. Hence, any movement of the diaphragm
causes the free end of the armature to move
toward one of the pole pieces. The armature
passes through the exact center of a coil of
wire that is placed between the pole pieces in
the magnetic field.

PRINCIPLES OF OPERATION

Sound waves are compressions and rarefac-
tions of the medium in which they travel. When
a diaphragm is placed in the path of a series
of sound waves, the waves cause the diaphragm
to wvibrate. The armature of a transmitter
unit, when there are no sound waves striking
the diaphragm, is shown in figure 6-1A. Note
that the armature is centered between the pole
pieces with the magnetic lines of force passing
from the north to the south pole and that there
are no lines of force passing lengthwise through
the armature.

When sound waves strike the diaphragm and
cause it to vibrate, the vibrations are impressed
upon the armature by means of the drive rod,
as shown in figure 6-1B, and C. During the
compressional part of the wave this action
causes the armature to bend and reduce the
air gap at the upper south pole. The reduction
of the air gap decreases the reluctance between
the upper south pole and the armature, while
increasing the reluctance between the armature
and the upper north pole. This action reduces
.the lines of force that travel between the two
upper pole pleces. There is no large change
in the reluctance at the lower poles; however,
the armature has less reluctance than the
lower air gap and a large number of magnetic
lines of force will follow the armature to the
upper south pole. Thus, an emf is induced in
the coil by the lines of force that are con-

ducted along the armature and up through the
coil.

When the sound wave rarefaction reaches
the diaphragm, it recoils, as shown in figure
6-1C, thus causing the armature to bend in the
opposite direction. This action reduces the
air gap between the armature and the north
pole. Note that the reluctance between the
armature and upper north pole is decreased
and that the lines of force are reestablished
through the armature, this time in the opposite
_direction. Thus, an emf is induced in the coil
by the lines of force that are conducted along
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the armature and down through the coil. This
emf is in the opposite direction to that of the
emf induced when the lines of force are es-
tablished, as shown in figure 6-1B.

Sound waves striking the diaphragm cause
it to vibrate back and forth. The armature
bends first to one side and then to the other,
causing an alternating polarizing flux to pass
through it, first in one direction and then in the
other. These lines of force passing through the
armature vary in strength and direction, de-
pending upon the vibrations of the diaphragm.
This action induces an emf of varying direction
and magnitude—that is, an alternating voltage—
in the coil. This alternating voltage has a
frequency and waveform similar to the frequency
and waveform of the sound wave striking the
diaphragm.

When this unit is used as a receiver it
operates in a similar manner. The alternating
voltage generated in a transmitter unit is im-
pressed upon the receiver coil, which sur-
rounds the armature of the receiver unit (fig.
6-2). The resultant current through the coil
magnetizes the armature with alternating po-
larity. An induced voltage in the coil of the
transmitter (fig. 6-2A) causes a current to flow
in the coil of the receiver (fig. 6-2B) magne-
tizing the free end of the armature, arbitrarily
with north polarity. The free end of the arma-
ture, therefore, is repelled by the north pole
and attracted by the south pole. As the direc-
tion of the current in the receiver reverses,
the polarity of the armature reverses. Thus
the position of the armature in the air gap re-
verses, forcing the diaphragm inward. Hence
the diaphragm vibrates in umison with the
diaphragm of the transmitter and generates
corresponding sound waves.

EQUIPMENT

The two types of sound-powered telephones
installed in Navy ships are handsets and head-
sets. Handsets are designed to be held in the
hand, whereas headsets are designed to be
worn. The receivers are mounted on a head-
band, and the transmitter is mounted on a chest
plate. All telephones of a given type are built
to the same military specifications regardless
of the manufacturer. Military Specification
MIL-T-0015514D(SHIPS) of 24 March 1964 con-
tains specifications for two types of handsets,
and three types of headsets.
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217.288
Figure 6-2.—Operation of sound-powered
transmitter and receiver units.

HANDSETS

The type H203/U handset replaces the type
TA, and is designed for general use, primarily
one-to-one talking. The sound-powered trans-
mitter and receiver units are interchangeable.
A nonlocking, normallyopen, spring return, push
switch, S1, (fig. 6-3), disconnects the sound-
powered units from the line in the open position,
and connects the units to the line in the closed
(depressed) position. Capacitor, C1, is con-
nected in parallel with the sound-powered units
for tone compensation.

The type H-204/U handset is specially de-
signed for use on a line loaded with other hand-
sets or headsets. The switching arrangement
keeps the set off the line when it is not in use.
When transmitting, the transmitter unit is
across the line and the receiver unit is across
the line in series with a 3 db padding resistor.
When receiving the receiver unit is directly
across the line.

The sound-powered transmitter and receiver
units are not interchangeable; however the re-
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ceiver units are interchangeable with the type
H-208/U sound-powered units.

HEADSETS

The type H-200/U headset replaces the type
SA, and is designed for general use. The set
congists of two sound-powered receiver units
with protective shells and ear cushions, one
sound-powered transmitter unit with protective
shell provided with a push switch, one mouth-
piece, one chest plate assembly with junctica
box provided with capacitors and terminal
facilities, one headband assembly and neck
strap, and one cord assembly and plug. Closing
the press-to-talk switch, S1, (fig. 6-4), connects
the sound-powered transmitter unit across
the line. The receiver units are permanently
connected across the line when the set is plugged
in,

When a sound-powered telephone set is used
on the output side of a sound-powered telephone
amplifier, a small d-c voltage is placed across
the set. The purpose is to provide an amplifier
squelching circuit to avoid acoustical feedback
when the local set is transmitting. CapacitorC!
(tig. 6-4), blocks the d-c from the receiver units.
The press-to-talk switch allows the d-c to flov
when transmitting, and operates a sensitive
switch in the amplifier. The two capacitors
are in series across the line. The sound-
powered transmitter and receiver units are not
interchangeable.

The type H-201/U headset is a specially
designed set for use by plotters, console opera-
tors, etc. The transmitter is suspended from
the headband by a boom. The boom may be
adjusted to place the transmitter in fronmt o
the wearer’s mouth. The junction box with
terminal facilities, capacitors, and the normally

———————— ~ —  TWISTED PAIR
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/
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Figure 6-3.—Sound-powered telephone handset, wiring diagram.
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Figure 6-4.—Sound-powered telephone headset
type H-200/U, wiring diagram.

open, spring return, push switch, is fitted with
a clip thatallows it to be attached to the wearer’s
belt. The sound-powered units are not inter-
changeable.

The type H-202/U headset is a specially
designed set for use in areas having high noise
levels, The receiver units are housed in noise
attenuating shells consisting of plastic caps lined
with sound absorbing material. The sound-
powered units are not interchangeable.

HANDLING AND STOWAGE

The connecting wires secured to the various
portions of telephone setshave butone purpose—
to transmit electric current. They are not
provided as straps for supporting the equipment
nor should they be subjected to a jerk or fall.
When a plug is removed from a jack, the BODY
of the plug should be pulled—never the CORD.
Connections should be made 80 that a minimum
of physical strain is put on the electric con-
ductors. If the talker must remove the tele-
phone set from his head, he should hang the set
by the head band and the neck strap—not by any
of the connecting wires.

The unit is made as waterproof as possible,
but it should not be exposed unnecessarily to the
weather. Moisture and good telephone service
do not go hand-in-hand. Remember that several

conductors, which actually carry the messages
to and from the telephone, lie underneath the
rubber covering on the various electric cords
on the set. Although these cords are quite
flexible, they should not be dragged over sharp
edges, pulled too hard, or allowed to kink. The
cords are especially susceptible to damage be-
cause of their small size. If you instruct other
men on how to handle telephones, emphasize
the importance of handling the set with care so
that the set will not be out of order in an emer-
gency.

Telephone headsets used in exposed areas
are stowed in boxes located on weather decks.
Those sets used in protected areas are stowed
on bulkhead hooks located in various com-
partments. The set must be made up properly
for either means of stowage. Use the following
procedure to make up a sound-powered tele-
phone headset for stowage. :

1. Remove the headband and hang the head-
band over the yoke of the transmitter.

2. Remove the phone jack and secure the
jack box cover to keep out moisture and dirt.
Lay the line out on the deck and remove any
kinks. Begin coiling from the end that attaches
to the chest plate. Colil the line with the right
hand, making the loops in a clockwise direction.
The loops should be about 10 inches across.

3. When the lead is coiled, remove the ear
pieces from the transmitter yoke and hold the
headband in the same hand with the coil.

4, Fold the transmitter yoke flat, using care
not to pinch the transmitter cord.

5. Holding the headband and coil in the left
hand, unhook one end of the neck strap from the
chest plate.

6. Bring the top of the chest plate level with
the coil and headband. Secure the chest plate
in this position by winding the neck strap around
the coil and headband just enough times so that
there will be a short end left over. Twist this
end once and refasten it to the chest plate. The
headset is then made up in a neat package ready
for stowing. A set properly made up fits into
its stowage box without forcing. Never allow
loose cord to hang out of the boxbecause it may
be damaged when the lid is closed.

Stow only battle telephones in telephone
stowage boxes—never put cleaning gear or tools
in these boxes. Rags give off moisture, which

105



IC ELECTRICIAN 3 & 2

may ruin the phone, and soap powder gives off
fumes that rapidly oxidize the aluminum dia-
phragm. Tools and other loose gear may pre-
vent getting the phone out quickly, or may
damage the phone.

Sound-powered handsets are fastened to a
connection box by a coiled cord. A stowage
hook, or handset holder, is provided for each
handset, and the set must be properly replaced
in the holder at all times when not actually in
use. A handset left in the bottom of the holder
provides an excellent lever for breakage. No
special care, other than intelligent handling, is
needed for handsets as they are much less
subject to trouble than are headsets.

REPAIRS

As an IC3, you will be required to service
sound-powered telephones. Because a great
deal of time is devoted to the repair of these
sets, you should be thoroughly familar with
the proper methods of testing and repairing
them. Many of the larger ships have a tele-
phone shop that is devoted entirely to the repair
of sound-powered telephones.

When trouble develops in a sound-powered
headset, the usual procedure followed by the
talker is to exchange it for a good one at the
repair shop. This procedure provides each
station with properly operating sets at all
times and concentrates the repair of these sets
in one location. The shop maintains a log of
all sets turned in and the station from which
they are received. This practice aids in locat-
ing faulty circuits or talkers who continually
abuse their sets.

In repairing sound-powered telephones ob-
serve the following precautions:

Do not attempt to repair the various units.

Do not repair telephones on a dirty work-
bench. The magnets in the units may attract
iron filings, which are very difficult to remove.

Never alter the internal wiring of sets.

Before disassembling a unit, make a wiring
diagram showing the color coding, polarity, or
terminal numbers of the lead connections. Al-
ways replace parts exactly as they were before
disassembly.

Inspection

A routine inspection of sets should be made
before repairs are begun to determine whether
physically defective parts should be replaced.
Many troubles may be located by inspecting the
set for damaged cord or insulation; cords

pulled out of units; loose units; defective or
broken push buttons; and broken or damaged
parts such as unit covers, neck strap, chest
plate, junction box, plug, or headband.

Open and Short Circuits

The principal types of trouble that occur in
sound-powered telephones are (1) short circuits
or open circuits and (2) loss of sensitivity. A
short circuit in a single unit renders an entire
telephone circuit inoperative because it parallels
all of the other units.

Use a low voltage ohmmeter to test for
opens and shorts to avoid damage to the
sound-powered units. Continuity tests may be
made from the chest plate junction box on the
types H-200/U, H-201/U, and H-202/U headsets.

The normal d-c resistances of the sound-

powered transmitter and receiver units are 0
ohms and 62 ohms respectively.

Loss of Sensitivity

Loss of sensitivity, or weakening of the
transmission sound, is a gradual process and
seldom is reported until the set becomes prac-
tically inoperative. When a sound-powered
telephone is in good condition electrically yet
the sound is weak, the transmitter unit should
be replaced. If this procedure does not remedy
the trouble, the receiver units should be re-
placed.

Headsets may be tested for loss of sensitiv-
ity by depressing the talk switch, and blowing
into the transmitter. If the set is operating
properly, a hissing noise is heard in the re-
ceiver units caused by the air striking the
transmitter. One receiver unit is listened to,
and then the other. In most cases, the loss in
sensitivity is in the transmitter unit and might
be caused by a displacement of the armature
from the exact center of the air gap between
the pole pieces.

Each sound-powered handset is tested on
location because it is connected permanently to
a box. The simplest test is to blow air into
the transmitter. To test each individual hand-
set it is not necessary to press the talk button
because the transmitter and receiver are per-
manently connected in parallel. If no sound is
heard, either the transmitter or the receiver is
defective. The easiest method to determine
whether the transmitter or the receiver is de-
fective is to have someone talk into another
phone on the line and to listen to both the trans-
mitter and the receiver of the handset. If the
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talker’s voice is heard on one of the units but
not the other, the unit on which the voice is
not heard is the defective one and should be
replaced. If the talker’s voice cannot be heard
on either unit, and the telephone circuit being
used for the test is known to be free of trouble,
the fault may be traced to the line cord, switch,
or internal handset circuits.

Replacing Cords

When it is necessary to replace a defective
cord between the junction box and the transmitter
or receivers of headsets, tinsel cord should
be used. Stocks of tinsel cord cut to the proper
lengths for use with the various types of head-
sets and fitted with terminals are stocked at
supply depots and should be requisitioned for
use. Bulk tinsel cordage is also stocked at
supply depots as standard stock. Always use
prepared cords if possible.

If prepared cords are not available, you can
make them from bulk tinsel cord by the fol-
lowing procedure:

1, Strip about 2 in. of the outer layer of
insulation from one end of the cord.

2. Remove about one-fourth of an inch of
insulation from the ends of the conductors,
exercising caution not to damage the tinsel
wire.

3. Wind a single layer of 32-gage tinned
copper wire over the tinsel wire and extend
the tinned copper wire about one-eighth of an
inch over the rubber insulation.

4. Dip these whipped conductors into melted
solder and flatten them slightly when cool.

5. Solder the whipped conductor to a lug or
cord tip as required (fig. 6-5).

If tinsel cord is not available, use standard
DCP-1/2 cord between the junction box and the
receivers and transmitter. Use DCOP 1 1/2
cord between the junction box and the plug.

To replace a cord:

1. Open each unit connected to the cord that
is to be replaced.

2. Before disconnecting the cord make a
diagram showing the color coding of the wires.

3. Disconnect both ends of the cord.

4. Remove the screw that holds the tie cord
or untie the cord if it is secured to an eyelet.

5. Unscrew the entrance bushing, if pro-
vided, and pull the cord through the port.

8. Place the threaded entrance bushing,
metal washer, and rubber gasket on the new
cord and insert the cord into the entrance port

(fig. 6-5). The cord should be long enough to
allow slack after it is connected.

7. Secure the tie cord so that it takes all
the strain off the connections; otherwise the
wires might be pulled from their terminals.

8. Connect the wires to their terminals.

9. Screw the entrance bushing on the en-
trance port, drawing the bushing up tightly
to secure the cable and to seal the port.

10. Close the unit after all connections have
been visually checked.

11, Test the completed unit for operation.

SOUND-POWERED TELEPHONE
SYSTEMS

There are three types of sound-powered
telephone systems:

1. The primary battle telephone system—
circuits JA to JZ (table 6-1)-—includes all
circuits used for the main channels of com-
munications in controlling the armament, en-
gineering, damage control, and maneuvering of
a typical CVA.,

2. The auxiliary battle telephone system—
circuits XJA to XJZ-—includes circuits dupli-
cating certain primary battle telephone circuits
as alternates in case of damage. The wiring
of the auxiliary circuits is separated as much
as practicable from the wiring of the corre-
sponding primary circuits to prevent battle
damage to both circuits.

3. The supplementary telephone circuits
X1J through X61J, consists of a group of outlets
connected together on a single line or ‘‘string,’’
with no provision for cutting out a single outlet.
A supplementary circuit may be one that is
required for use at all times or at times when
battle telephones are not manned. Some ‘‘string’’
circuits are equipped with call-bell systems.

Table 6-1.—Sound-Powered Telephone Circuits
PRIMARY CIRCUITS

Circuit Title

JA Captain’s battle circuit

Jc Weapons control circuit

10JC Missile battery control circuit
JD Target detectors circuit

JF Flag officer’s circuit

1JG Aircraft control circuit

2JG Aircraft information circuit

2JG1 Aircraft strike coordination circuit
2JG2 Aircraft strike requirement and re-
porting circuit
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Table 6-1.—Sound- Powered Telephone

Circuits—Continued

Table 6-1.—Sound-Powered Telephone

Circuits—Continued

PRIMARY CIRCUITS PRIMARY CIRCUITS
Circuit Title Circuit Title
2JG3 Aircraft information circuit CATTC 33JS Track analyzer No. 3 air radar infor-
direct line mation check
3JG Aircraft service circuit 34JS Track analyzer No. 4 air radar infor-
4JG1 Aviation fuel and vehicular control mation check
circuit 35J8 Raid air radar information circuit
4JG2 Aviation fueling circuit forward 36JS Combat air patrol air radar informa-
4JG3 Aviation fueling circuit aft tion circuit
5JG1 Aviation ordnance circuit 61JS Sonar information circuit
5JG2 Aviation missile circuit 80JS ECM plotters’ circuit
6JG Arresting gear and barricade control 81JS ECM information circuit
circuit 82JS Supplementary radio circuit
9JG Aircraft handling circuit JT Target designation control circuit
10JG Airborne aircraft information circuit v Maneuvering and docking circuit
119G Optical landing system control circuit 2JV Engineers’ circuit (engines)
JH Switchboard cross connecting circuit 3Jv Engineers’ circuit (boiler)
JL Lookouts circuit 4V Engineers’ circuit (fuel and stability)
JM Mine control circuit 5JV Engineer’s circuit (electrical)
JN Illumination control circuit 6JVvV Ballast control circuit
Jo Switchboard operators’ circuit JW Ship control bearing circuit
2JP Dual purpose battery control circuit JX Radio and signals circuit
4JP Heavy machine gun control circuit 2JZ Damage and stability control
5JP Light machine gun control circuit 3JZ Main deck repair circuit
6JP Torpedo control circuit 4JZ Forward repair circuit
8JP ASW weapon control circuit 5JZ After repair circuit
9JP Rocket battery control circuit 6J2 Midships repair circuit
10JP Guided missile launcher control Wz Engineer’s repair circuit
circuit 8JZ Flight deck repair circuit
10JP1 | Starboard launcher circuit 9JZ Magazine sprinkling and ordnance
10JP2 | Port launcher circuit repair circuit forward
11JP FBM checkout and control circuit 109z Magazine sprinkling and ordnance
JQ Double purpose sight setters circuit repair circuit aft
JR Debarkation control circuit
Js Plotters’ transfer switchboard circuit
LJS CIC information circuit AUXILIARY CIRCUITS
2JS NTDS coordinating circuit No. 1
3Js NTDS coordinating circuit No. 2 XJA Auxiliary captain’s battle circuit
20JS1 | Evaluated radar information circuit X1JG | Auxiliary aircraft control circuit
20JS2 | Evaluator’s circuit X1JV | Auxiliary maneuvering and docking
20JS3 | Radar control officer’s circuit circuit
20JS4 | Weapons liaison officer’s circuit XJX Auxiliary radio and signals circuit
21JS Surface search radar circuit X2JZ Auxiliary damage and stability control
22JS Long range air search radar circuit circuit
23JS Medium range air searchradar circuit
24JS Range height finder radar circuit SUPPLEMENTARY CIRCUITS
25J8 ABW radar circuit
26JS Radar information circuit X1J Ship administration circuit
31J8 Track analyzer No. 1 air radar in- X2J Leadsman and anchor control circuit
formation check X3J Engineer watch officer’s circuit
32Js Track analyzer No. 2 air radar infor- X4J Degaussing control circuit
mation check X5J Machinery room control circuit
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Table 6-1.—Sound- Powered Telephone
Circuits—Continued

Circuit SUPPLEMENTARY CIRCUITS

X6J1 Electronic service circuit

X6J17 ECM service circuit

X6J11-

14 NTDS service circuits

X1J Radio-sonde information circuit

X8J Replenishment-at-sea circuit

XoJ Radar trainer circuit

X10J Cargo transfer control circuit

X10J1 |[Cargo transfer circuit-Lower decks

X10J10 |Cargo transfer circuit-Upper decks

X11J Captain’s and admiral’s cruising cir-
cuit

X12J Capstan control circuits

X13J Aircraft crane control circuits

X14J |Missile handling and nuclear trunk
crane circuit

X15J SINS information circuit

X16J Aircraft elevator circuit

X17J 5-inch ammunition hoist circuit

X18J Machine gun ammunition hoist cir-
cuits

X198J Missile component elevator circuit

X20J Weapons elevator circuits

X21J Catapult circuit

X22J Catapult steam control circuit

X23J Stores conveyor circuit

X24J Cargo elevator circuit

X25J Sonar service circuit

X26J Jet engine test circuit

X28J Dumbwaliter circuit

X29J Timing and recording circuit

X34J Alignment cart service circuit

X40J Casualty communication circuit

X41J Special weapons shop service cir-
cuit

X42J |Missile assembly and handling cir-
cuit

X43J Weapons system service circuit

X44J |ASROC service circuit

X45J Special weapons security circuit

X50J Fog foam circuit

X61J Nuclear support facilities operations
and handling circuit

The various sound-powered telephone sys-
tems are classified further into (1) switchboard
circuits, (2) switch-box circuits, and (3) string-
type circuits.

140.34
Figure 6-5.—Preparing a new tip on a
tinsel cord.

SWITCHBOARD CIRCUIT

A switchboard circuit is a circuit having cut-
out switches on a switchboard. Most large
combatant ships have several sound-powered
telephone switchboards installed in different
centrally located and protected control stations,
such as IC rooms and plotting rooms. Each
switchboard (fig. 6-6) usually has several
switchboard circuits and a line-disconnect
switch for each line. The older type (fig. 6-6A)
is replaced with the newer switchboard (fig.
8-6B) which has a switchjack (fig. 6-6C) ateach
position. The switchjack consists of a line
switch and jack. The purpose of the line switch is
either to connect or disconnect a station from
its circuit. The jack either parallels that
phone with another circuit or parallels two
circuits. Paralleling is accomplished by means
of a PATCHING CORD, which is a short length
of portable cord having a jack plug at each
end.

Opening the line switch disconnects a station
from its circuit. Inserting one endofa patching
cord into the jack of this station and the other
end of the cord into the jack of another station,
makes the first station parallel with the circuit
of which the second station is a part. Leaving
the line switch of the first station closed makes
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Figure 6-8.— Plotters transfer switchboard, type SB-82/SRR. (A) External view;
(B) Wiring diagram,

Some string-type circuits, for instance, X1J
Captains and Admirals cruising, may be equipped
with call bells, annunciators, or magneto call
stations.

The X40J, casualty communication circuit,
consists of individual riser cables running
from jack boxes in engineering spaces and
steering gear rooms to 4 gang jack boxes on
the damage control deck.

All horizontal runs are made as required,
by damage control parties with rolls of cables,
which are made up on reels with plugs on each
end,

SELECTOR AND TRANSFER
SWITCHES

Selector and transfer switches are of the
rotary type. Selector switches are located in
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the most important stations throughout the ship
to enable the officer in charge, or his talker,
to connect his telephone at will to any one of 2
group of circuits without having to change from
one jack outlet to another,

Transfer switches are usually installed at
the telephone switchboards and are used t
connect the lines of one group of circuits to one
of several other groups of circuits. These
switches are discussed in chapter 2 of this
training course.

MAINTENANCE

Preventive maintenance for sound-powered
telephone circuits consists of routine tests and
inspections, and cleaning. All circuits should
be tested at least weekly to ensure that they ar¢
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working properly. Cleanliness is essential to
the proper operation of sound-powered telephone
switchboards due to the low voltages and cur-
rents involved. Dirt and dust between closely
spaced contacts can cause cross-talk, Use a
portable blower or vacuum cleaner to clean
switchboards and switchboxes at least monthly.

Insulation tests should be made periodically
on all sound-powered telephone cables. A
separate test should be made for each circuit.
Test each conductor to ground, and between
each pair of conductors.

When making the insulation tests, all line
switches must be closed, and all tie switches
between circuits open. Headsets must be
unplugged, and all sound-powered telephone am-
plifier chassis removed from their cases. All
handse!: pushbuttons must be open.

The minimum allowable insulation resis-
tance reading depends upon the length and
temperature of the cable as discussed in chapter
2 of this training course. Lengthy cable runs
on large ships may read as low as 50,000 ohms
and be satisfactory.

Keep the cap covers for all sound-powered
telephone jackboxes on, when the jackbox is not
being used,

CALL-BELL SYSTEMS

Call-bell systems provide a means of sig-
naling between stations in a ship. These systems
consist of circuits E and A,

CIRCUIT E

Circuit E provides a means of signaling
between stations on sound-powered telephone
circuits and between outlets on voice tubes.

Circuit E in large ships may be divided as
follows:

EM-—Self-contained circuits with magneto
call-bell stations provided at all calling and
some receiving stations.

EP-—Protected call circuits with cable runs
protected behind armor.

- EPS—Unprotected signal lines supplied from
an EP circuit through separate protected fuses
‘at the calling station.

EPL~Unprotected circuits supplied from an
EP circuit through a protected local cut-out
switch at the station called.

EX—Exposed call circuits with cable runs
not protected behind armor.,

In addition, circuit E has the following func-
tional designations:

1E—~Cruising and miscellaneous.

2E—Ship control

SE—Engineering.

4E—Aircraft control.

S5E—Fire control.

11E through 15E—Turrets I through V.

For example, a circuit that is designated as
SEP is an engineering call-bell circuit with
cables protected behind armor.

Circuit E includes bells, buzzers, or horns
installed at selected sound-powered telephone
stations and at some voice tubes. Watertight
and nonwatertight push buttons, or turn switches
are provided at all signaling stations to complete
circuits to the station called. Annunciators are
installed at stations where several circuits have
outlets.

The EM circuits may have as many as 16
ringing stations (fig. 6-9). These stations are
of cast aluminum with all of the equipment on
the cover, except for the terminal board for the
connections. Assembled on the cover are the
rotary selector switch, a hand-operated magneto
generator, a howler unit, and an attenuator to
control the volume of the howler. The telephone
circuit may be of the string or switchboard type.

The operator simply turns the selector
switch to the station to be called and cranks the
generator handle. The howler (a modified sound-
powered telephone receiver unit at the selected
station) will give a high distinctive howl. The
attenuator may be used to adjust the sound level
of individual howlers at their respective stations.

The elementary wiring diagram (fig. 6-10)
illustrates the simplicity of the circuit.

CIRCUIT A

Circuit A is for the convenience of the ship’s
officers in calling pantry attendants and or-
derlies, Calls are provided from all cabins;
staterooms, except those equipped with ship’s
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Figure 6-10.—Sound-powered magneto call system.

service telephones; and wardrooms to the re-
spective pantries and orderlies. CircuitA calls
are provided also from all sick-bay berths and
isolation wards to the attendant’s desk in the
sick bay. Circuit A consists of bells or buzzers
at the orderly and pantry stations and nonwater-
tight pushbuttons in the various cabins, state-
rooms, and messrooms. Where a station is to
be signaled by more than one pushbutton, a drop-
type annunciator is installed in addition to the
bell or buzzer.

Three simplified call-bell circuits are shown
in figure 6-11. These simplified circuit con-
nections apply to circuit A as well as to circuit

.

The upper branch circuit, with one bell and
one pushbutton in series with each other, is
used to call a single station from one location.

The center branch circuit, with two push-
buttons in parallel with each other and in series

with the bell, is used to operate one bell from
two remote locations.

The lower branch circuit, with two bells in
parallel with each other and in series with one
pushbutton, is used to operate two bells from
one location,

Note that the bells or signaling devices (fig.
6-11) are connected to the side of the line bear-
ing the negative designation, EE. This ar-
rangement is used on a-c circuits that have no
polarity but in which one side of the line ar-
bitrarily is designated as EE for convenience.

ANNUNCIATORS

Call-bell stations that have several sound-
powered handsets, each on a different circuit,
are provided with annunciators to identify the
circuit of the station that originates the call.
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Figure 6-11.~Simple call-bell system.

Annunciators used with E-call circuits are
of the drop type. The drop, or target, is em-
bossed with the circuit letter and is held mechan-
ically in the nonindicating position. When the
circuit is energized by operating a pushbutton
at the calling station, an electromagnet causes
the target to drop to the indicating position. The
drops are returned to their normal, or nonin-

dicating, positions by a hand-operated reset
button.

Annunciators used with A-call circuits are
similar to those used with E-call circuits ex-
cept that in A-call circuits the drop is embossed
with the number of the stateroom, or location
of the calling station, instead of the circuit
letter.

A simple diagram for a 2-circuit, 4-drop
annunciator is shown in figure 6-12. When a
pushbutton is operated, the proper annunciator
drops and the bell rings. The alarm bell rings
only while the pushbutton is closed. One side
of each drop and one side of an audible-signal
relay are connected together so that when the
external circuit is closed by the pushbutton,
the current flows through the drop and the relay.
The relay is energized and closes its contacts
to the audible signal. The annunciator may be
equipped with one or more relays as required
by the number of associated circuits, but utiliz-
ing a common audible signal.

Schematic diagrams of an E- and an A-
call-bell circuit are shown in figure 6-13A and
B, respectively.
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27.293
Figure 6-12.—Two-circuit, four-drop
annunciator.
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CHAPTER 7

ALARM AND WARNING SYSTEMS

Alarm and warning systems are installed
in Navy ships to provide audible and/or visual
signals when abnormal or dangerous conditions
occur, The systems, and their circuit designa-
tions and classifications are listed in table 7-1,

The principal componentsof alarmand warn-
ing systems are switches or contact makers,
relays, thermostats, and audible and visual
signals,

SWITCHES, RELAYS, AND THERMOSTATS

Switches used with alarm and warning sys-
tems include manual switches, pressure and
thermostatic switches, mechanical switches,
and water switches as discussed in chapter 2 of
this training course. Relays are used to open
and close circuits that may operate indicating
lights, annunciator drops and/or audible signals,
Thermostats (discussed later), are used prin-
cipally in fire alarm systems,

AUDIBLE SIGNALS

There are many types of audible signals in
use aboard Navy ships. The type of signal used
depends upon the noise level of the location, and
the kind of sound desired. The principle types
of audible signals are bells, buzzers, horns,
and sirens. Electronic signals are being used
for some applications onnew construction ships.

BELLS AND BUZZERS

Bells used with alarm and warning systems
may be either a-c or d-c operated, watertight
or watertight explosion-proof construction, with
circular or cowbell shape gongs,

Alternating current bells have 4 types of
gongs: Circular 3-inch diameter, type IC/B8S4;
Circular 4-inch diameter, types IC/B5DSF4
and IC/B5S5; Circular 8-inch diameter, types
IC/B2S4 (watertight), and IC/B2S4 (watertight
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explosion-proof); and cowbell type IC/B3S4 (fig.
7-1),

Direct current bells have 3 types of gongs:
Circular 2 1/2-inch diameter, type IC/B1D4;
Circular 8-inch diameter, type IC/B2D4 (fig.
7-2); and cowbell type IC/B3D4.

Buzzers are used only in relatively quiet
spaces. Buzzer, type IC/Z1D4 (fig. 7-3), isd-c
operated and has make and break contacts.
Buzzer, type IC/Z1S4, is a-c operated and has
no contacts.

HORNS AND SIRENS

Nonresonated horns (types IC/HI1D4,
IC/H4D2, and IC/H4D3) utilize a diaphragm
actuated by a vibrating armature to produce
sound of the required intensity,

Resonated horns (fig. 7-4A), types IC/H254
and IC/H2D4, also use diaphragms, and in addi-
tion, have resonating projections to give the
sound a distinctive frequency characteristic.
The resonated horn is designed in a variety of
types, differing as to intensity, frequency, or
power supply.

Motor operated horns (fig, 7-4B), types
IC/H8D3, IC/H8D4, and IC/H8S3, utilize electric
motors to actuate the sound producing dia-
phragms.

Sirens are used in very noisy spaces or to
sound urgent alarms. The sound is produced by
an electric motor driving a multiblade rotor
past a series of ports or holes in the housing
(fig. 7-5). The air being forced throughthe ports
gives a siren sound, the frequency of which
depends upon the number of ports, the number of
rotor blades, and the motor speed.

ELECTRONIC SIGNALS

The type IC/E1D1 electronic signal unit (fig.
7-6) is designed asabusfailurealarm. The unit
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Table 7-1. —Alarm and Warning Systems

Readiness
Circuit System Importance Class
BZ Brig cell door alarm and lock operating NV 4
DL Secure communications space door position
alarm NV 1
DW Wrong direction alarm v 2
EA Reactor compartment or fireroom emer- v
gency alarm NV 1
IEC Lubricating oil low pressure alarm-
propulsion machinery sv 2
2EC Lubricating oil low pressure alarm-
auxiliary machinery sv 1
1ED Generator high temperature alarm sv 1
2ED Oxygen-nitrogen generator plant low tem-
perature alarm NV 1
BF Generator bearing high temperature alarm sv 1
EG Propeller pitch control, hydraulic oil sys-
tem low pressure alarm sv 2
EH Gas turbine exhaust high temperature sv 1 (aux. machinery)
alarm 2 (prop. machinery)
EJ Feed pressure alarm sv 1
1EK Pneumatic control air pressure alarm NV 2
3EK Catapult steam cutoff and alarm NV 2
EL Radar cooling lines temperature and flow
alarm NV 1
EP Gas turbine lubricating oil high temperature sv 1 (aux. machinery)
alarm 2 (prop. machinery)
1EQ Desuperheater high temperature alarm Sv 1
2EQ Catapult steam trough high temperature
alarm sv 2
3ES Reactor fill alarm \'4 1
ET Boiler temperature alarm NV 1
EV Toxic vapor detector alarm sv 1

119




IC ELECTRICIAN 3 & 2

Table 7-1. —Alarm and Warning Systems—Continued.

Readiness
Circuit System Importance Class
1EW Propulsion engines circulating water high
temperature sv 1
2EW Auxiliary machinery circulating water high
temperature sv 1
EZ Condenser vacuum alarm sv 2
F High temperature alarm sv 1
4F Combustion gas and smoke detector 1
9F High temperature alarm system-ASROC
launcher sv 1
11F FBM storage area temperature and humidity
alarm sv 1
12F Gyro ovens temperature and power failure
alarm sv 1
FD Flooding alarm NV 1
FH Sprinkling alarm sv 1
FR Carbon dioxide release alarm NV 1
FZ Security alarm (CLASSIFIED) \' 1
LS Submersible steering gear alarm sv 2
MG Gds turbine overspeed alarm sV 1 (aux. machinery)
2 (prop. machinery)
NE Nuclear facilities air particle detector
alarm NV 1
QA Air lock warning NV 1
QD Air filter and flame arrester pressure dif-
ferential alarm, or gasoline compart-
ment exhaust blower alarm A\ 1
QX Oxygen-nitrogen plant ventilation exhaust
alarm Sv 1
RA Turret emergency alarm NV 1
RD Safety observer warning NV 2
RW Rocket and torpedo warning sv 3
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Table 7-1. —Alarm and Warning Systems—Continued.
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Readiness

Circuit System Importance Class
4SN Scavenging air blower high temperature

alarm \'A
SP Shaft position alarm NV
TD Liquid level alarm NV
1TD Boiler water level alarm NV
2TD Deaerating feed tank water level alarm NV
5TD Reactor compartment bilge tank alarm sv
6TD Primary shield tank, expansion tank level

alarm NV
TTD Reactor plant fresh water cooling expansion

tank level alarm NV
8TD Reactor secondary shield tank level alarm NV
9TD Lubricating oil sump tank liquid level alarm sv
11TD Induction air sump alarm sv
12TD Diesel oil sea water compensating system

tank liquid level alarm sV
14TD Auxiliary fresh water tank low level alarm NV
16TD Pure water storage tank low level alarm SV
17TD Reserve feed tank alarm NV
18TD Effluent tanks and contaminated laundry tank

high level alarm \'A
19TD Sea water expansion tank low level alarm SV
20TD Gasoline drain tank high level alarm SV
21TD Moisture separater drain cooler high level

alarm NV
24TD Reactor plant on board discharge tank level

alarm v
25TD Crossover drains high level alarm sv
'29TD Sonar dome fill tank low level alarm sv
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Figure 7-9.—Alarm and supervisory relays.
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The UPPER section comprises the alarm
panel (fig. 7-11), This panel contains an alarm
bell, a test light, a trouble buzzer, two ground-
detector lamps, a pilot lamp, a trouble test
lamp, an alarm test lamp, and a test key. An
extension signal relay, capable of operating up
to four fire alarm bells located at other stations
on the ship, is mounted at the rear of the alarm
panel. As long as the power supply to the
switchboard is maintdined, the pilot light at the
center of the panel glows.

The LOWER section consists of as many
10-line or 20-line panels as are necessary to
accommodate the total number of high-tem-
perature, circuit F, or water-sprinkling cir-
cuit FH stations aboard the ship. Six 10-line
panels capable of accommodating 60 lines are
shown 1in figure 7-11, The switchboard ap-
paratus for each two lines is mounted to-
gether in a removable alarm unit, Five or
ten of these 2-line units are arranged to
make up a 10-line or a 20-line panel. Each
line supervises one thermostat or one group
of thermostats. Each circuit is provided with
a separate test key with a drum trouble-
indicator target above, and adrum fire-indicator
target below. A nameplate located above the
test key identifies the compartment or the
spaces served by that line,

Thermostats

As previously mentioned, the detection of
fires or overheated conditions is accomplished
by means of mercury theremostats. These
thermostats are installed at selected locations
throughout the ship. Thermostats are installed
on the overhead and require afree circulation of
air for efficient operation. Barriers that would
obstruct the free circulation of air should never
be placed around thermostats in any compart-

21.306

Figure 7-10, —High-temperature alarm circuit.
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Figure 7-13.~Thermostat connections,

to the lower contact, and through the alarm
target relay to the rectifier, The current is
limited by the 7000 ohm resistor to a value
required to operate the supervisory target relay.
This value is smaller than that required by the
alarm-target relay.

In case of fire or other high-temperature
condition the mercury expands and rises in the
thermostat, the supervisory resistor is shorted
out, and the current rises to a maximum value
in the circuit. The increase in current is large
enough to cause the alarm target relay to op-
erate, The relays target is revolved and the
alarm contacts close, to sound the alarm.

When an open circuit occurs, such as in the
secondary of the transformer or a broken
thermostat bulb, the supervisory current no
longer flows in the circuit and the supervisory
relay deenergizes. This action closes its con-
tacts and completes the circuit to the buzzer
and the target is rolled to show yellow,

A switch is provided in each circuit for use
in testing the circuit and for silencing either the
fire bells or trouble buzzer when they sound
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an alarm. Complete tests and operating in-
structions are included in the manufacturer’s
technical manual provided for the alarm equip-
ment installed in your ship.

COMBUSTION GAS AND SMOKE
DETECTOR SYSTEM

The combustion gas and smoke detector
system (circuit 4F),detects and warns of the
presence of combustion gases or smoke. The
alarm circuits are similar to, and operate in
the same manner as the high-temperature
fire alarm circuits, A combustion gas and
smoke detector head is used as the alarm
device.

Combustion Gas and Smoke
Detector Head

The combustion gas and smoke detector
head (fig. 7-14A), is installed on the overhead
in the compartment or space to be protected.
A four-pin polarized plug fits into a socket
base allowing easy replacement (fig. 7-14B).
The major units of the detector head are the
inner and outer chambers and the cold cathode
tube (fig. 7-14C). The detector comparestheair
in the inner chamber with the air in the outer
chamber. When combustion gases and/or smoke
are present in the air of the outer chamber, the
cold cathode tube fires and supplies the current
to operate the alarm relay as discussed below,

OPERATING PRINCIPLES.—The air in the
inner and outer chambers is made conductive
by a small quantity of radium, Ra, (fig. 7-14C).
Alpha particles given off by the radium have
the ability to ionize air into positive ions and
negative electrons. If this ionized air is in-
troduced into an electric field, a current will
flow. This principle is shown in figure 7-15. A
potential from battery, B, is applied to the plates,
Pl and P2, The air between the platesis ionized
by the radium, Ra. The charged particles move
in the direction indicated by the arrows., A
sensitive galvanometer measures the current,
the value of which depends on the strength of
the radium source, and within limits, the voltage
of the battery. With low potentials, part of the
ions and electrons collide and neutralize each
other. It is only when the potential reaches a
certain limit that all of the ions formed reach
the plates. This is known as the saturation
point. Beyond this point, the current remains
virtually constant regardless of the increase
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of potential, Only a change in the gas in the
chamber will cause a change in the current
flow when the unit is operating at the satura-
tion point,

The presence of combustion gas or smoke
particles between the plates (fig. 7-15), would
cause a sharp decrease in current flow through
the galvanometer, This is truebecause the com-
bustion gas and smoke particles are manytimes
larger and heavier than the air molecules, and
require a stronger radioactive source tobecome
ionized. Also, the ionized combustion gas and
smoke particles move much slower in the
electric field, and are practically all neutra-
lized by free electrons before reaching one of
the plates.

N

e-ELEcTRONS
B - BATTERY

Ra - RADIUM

q -~ ALPHA RADIATION

@- IONS

GALV.- GALVANOMETER
Py AND P, . PLATES OR ELECTRODES

27.311
Figure 7-15.~Ionization principle.

Basic Circuit

In the basic circuit of the detector system
(fig. 7-16), the normal voltage across chamber
X is 130 VDC, and 90 VDC across chamber O
and tube elements S and K. The breakdown volt-
age between the plate, A, and cathode, K, of the
cold cathode tube is greater than 270 volts,
Therefore with 220 volts applied to A and K,
the tube will not fire until triggered by the
starter, S. The tube is triggered when the
voltage between S and K reaches 110 volts,

With no smoke or combustion gas present
in the outer chamber, only enough current

flows to energize the supervisory target relay.
The current flow is from the d-c source (a full-
wave silicon diode rectifier) through the outer
and inner chambers, the supervisory resistor,
R, and back to the d-c source. When smoke or
a combustion gas enters chamber O, itincreases
the resistance of that chamber which causes
the current to decrease through both chambers,
As the resistance of chamber X is fixed, the
voltage across it decreases., This causes the
voltage across chamber O and across S and K
to increase to 110 volts triggering the cold
cathode tube. The tube conducts from K to A
furnishing the required current to operate the
alarm target relay.

SPRINKLING ALARM SYSTEM

The sprinkling alarm system, circuit FH,
is basically the same as the high-temperature
alarm system except that water or pressure
switches are used instead of mercury therm-
ostats.

LUBRICATING-OIL, LOW-PRESSURE
ALARM SYSTEM

The purpose of the lubricating-oil, low-
pressure alarm system, circuits 1EC and 2 EC,
is to sound an alarm whenever the pressure in
the lubricating-o0il supply line to the main en-
gine and reduction gear, orto the turbine-driven
or diesel-driven generators, and other auxili-
ary machinery falls below a predetermined
minimum limit. Where the system is used for
the main engines the circuit is designated, 1EC,
and when used for either turbine-driven or
diesel-driven generators and other auxiliaries
the circuit is designated, 2EC. Both circuits
are energized from individual switches on the
IC switchboard.

An EC circuit includesone or more pressure-
type switches installed in the lubricating-oil
lines of the associated equipment. A dial-light
indicator, drum - type annunciator, and siren
are energized when the switch is closed because
of a decrease in o0il pressure. The control panel
of the lubricating-oil, low-pressure alarm is
located near the operating control board of the
machinery on which the switch is installed.

CIRCULATING-WATER, HIGH-
TEMPERATURE ALARM SYSTEM

The circulating-water, high-temperature
alarm system, circuits 1EW and 2EW, auto-
matically indicates when the circulating-water
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Figure 7-16. —Basic circuit of detector system

temperature of the main propulsion diesel en-
gines or the large auxiliary diesel engines rises
above a predetermined maximum limit. When
the system is used for the main engines the
circuit is designated, 1EW, and when used for
auxiliary engines the circuit is designated,
2EW. The circulating-water, high-temperature
alarm system {s usually combined with the
lubricating-oil, low-pressure alarm system (fig.
7-17), and consists of temperature-operated
switches located in the circulating water lines
of the engines. A rise in temperature above a
predetermined point closes a thermostatic
switch, which energizes a lamp-type indicator,
drum-type annunciator, and siren, causing the
alarm to sound.

GENERATOR AND GENERATOR BEARING
HIGH-TEMPERATURE ALARM SYSTEMS

The generator high-temperature alarm sys-
tem, circuit 1ED, provides a meansof indicating
high temperature of the cooling air exhaust of
generator sets rated at 500 kw and above. The
system consists of thermostatic switcheslocated
in the generator exhaust to the cooler, which
energize visual and audible signals when the
temperature of the circulating air rises abovea
Predetermined limit,

The generator bearing high-temperature
alarm system, circuit EF, provides a means
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of indicating high temperatures in the bearings
of generator sets of 200 kw and above, Thermo-
static switches energize visual and audible sig-
nals when a bearing temperature rises above a
predetermined limit,

The visual and audible signals for circuits
1ED, and EF are incorporated in the alarm
panel of circuit 2EC.

BOILER TEMPERATURE
ALARM SYSTEM

The boiler temperature alarm system, cir-
cuit ET, provides a means of indicating boiler
steam high temperature in ships having sep-
arately fired superheat control boilers. A
thermostatic switch located in the main steam
line from each boiler energizes a 2-dial lamp
type indicator and a horn, when the total steam
temperature at the superheater outlet rises
above a predetermined limit.

MAINTENANCE

Alarm and warning systems require very
little maintenance. Almost any trouble that may
affect the system will give an audible and/or
visual indication. Periodic tests may be made
easily and quickly from the alarm panel.
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No maintenance of the alarm indicator units
is required other than adjustments shown to be
necessary as a result of tests described by the
manufacturer’s technical manual, Do not use
oil anywhere in the alarm units as it may
cause flashovers and short circuits,

The electrodes of all water switches should
be cleaned after the system has operated. Clean
the electrodes with alcohol and rinse them
with distilled water,

Remove all combustion gas and smoke de-
tector heads periodically. Clean the heads and
conduct a sensitivity check as described in the
manufacturer’s technical manual.

Check all indicator lamps frequently, and
replace any burned-out lamps.




CHAPTER 8

ANNOUNCING AND INTERCOMMUNICATING SYSTEMS

Shipboard announcing and intercommunicat-
ng systems, circuits 1IMC through 54MC, serve
he general purpose of transmitting orders and
nformation between stations within the ship by
implified voice communication. This function is
iccomplished by either (1) a central amplifier
system, or (2) an intercommunicating system. A
‘entral amplifier system is employed when itis
lesired to broadcast orders or information
simultaneously to a number of stations. An inter-
communicating system is employed when it is
desired to provide two-way transmission of
yrders or information.

Each announcing and intercommunicating
system installed aboard ship is assigned an IC
circuit designation in the MC series. The Chief
of Naval Operations authorizes these MC circuits
for each class of vessel, based on size, comple-
ment, function, and operational employment.
Authorized IC announcing circuits are listed in
Table 8-1, according to importance and readi-
ness. These systems, however, are not all
installed in any one ship.

For general announcing, circuit IMC is in-
stalled in all surface ships above 180 feet in
length, except aircraft carriers, amphibious
ships fitted with flight decks, and large com-
batant ships. Alircraft carriers, amphibious
ships fitted with flight decks, and large com-
g;;znt ships are provided with circuits 1MC and

An integrated intercommunication system
(circuit MC), s installed in submarines. This
System consists of circuits 1MC, 2MC, 4MC,
Z{\;Ihgé 21MC, 27MC, 31MC, 32MC, 35MC, and

This chapter discusses representative
central amplifier and intercommunicating sys-
tems, sound-powered telephone amplifiers, and
portable announcing equipment.
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CENTRAL AMPLIFIER ANNOUNCING
SYSTEM

The central amplifier announcing system is
designed to furnish amplified voice communi-
cations and alarm signals to the various loud-
speaker groups aboard ship. The system pro-
vides for transmitting the spoken word or signal
at any one of several stations, amplifying this
signal at a central amplifier, and radiating
the signal from a number of loudspeakers.

The components employed in a representa-
tive system installed in a cruiserare illustrated
in figure 8-1. The system consists of audio
amplifier equipment to provide circuit 1IMC
functions for general announcing, and circuit
6MC functions for intership announcing. Power
for operating the equipment is obtained from the
ship’s single-phase 115-volt power supply.

ALARM CONTACT MAKERS

Alarm contact makers are located at various
points in the ship. The closure of an alarm
contact maker will sound any one of four alarm
signals over all circuit IMC loudspeakers.
Alarm signals are not transmitted over circuit
6MC. The alarm signals in the order of their
priority are: (1) collision, (2) chemical attack,
(3) general, and (4) sonar. Theorder of priority
is controlled automatically by relays in the
audio amplifier cabinet. Any alarm takes pri-
ority over voice announcements.

If an alarm is being sounded and a higher
priority alarm contact maker is closed, relays
in the audio amplifier cabinet operate to cut off
the alarm signal being sounded and cause the
higher priority alarm to be sounded instead.
Conversely, the closure of a low priority alarm
contact maker has no effect on a high priority
alarm that is being sounded.
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Table 8-1, —Shipboard Announcing Systems

Readiness Class

Circuit System Importance
*IMC General v 1
*2MC Propulsion plant v 1
*3MC Aviators' \'4 1
4MC Damage Control \'A 1
*5MC Flight Deck sV 2
*6MC Intership sv 1
™C Submarine Control \'A 1
8MC Troop administration and control sv 2
*9MC Underwater troop communication sv 2
*10MC Dock Control (obsolete) sv 1
*11-16MC Turret (obsolescent) 53 3
*1TMC Double Purpose Battery
(obsolescent) sV 3
18MC Bridge NV 2
19MC Aviation Control sv 2
*20MC Combat Information
(obsolescent) sV 1
21MC Captain's Command Sv 1
22MC Electronic Control NV 1
23MC Electrical control sv 1
24MC Flag Command sV 1
25MC Ward Room (obsolescent) NV 4
26MC Machinery Control sV 1
27TMC Sonar and Radar Control sv 1
*28MC Squadron (obsolescent) NV 4
*29MC Sonar Control and Information sv 2
30MC Special Weapons SV 2
31MC Escape trunk sv 2
32MC Weapons control sv 3
33MC Gunnery Control (obsolescent) sv 3
34MC Lifeboat (obsolescent) SV 1
35MC Launcher Captains' sv 1
36MC Cable Control (obsolete) NV 4
3T™C Special Navigation (osbolete) sv 2
38MC Electrical (obsolete) NV 1
39MC Cargo Handling NV 4
40MC Flag Administrative NV 1
41MC Missile Control and Announce
(obsolete) sV 3
42MC CIC Coordinating Sv 2
43MC Unassigned
44MC Instrumentation Space NV 1
45MC Research operations NV 1
*46MC Aviation Ordnance and Missile
Handling Sv 2
4TMC Torpedo Control sv 2
48MC Stores conveyor (obsolescent) NV 1
49MC Unassigned
50MC Integrated operational
intelligence center Sv 2
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Table 8-1, —Shipboard Announcing Systems— Continued

- Circuit System Importance Readiness Class
51MC Aircraft Maintenance and
handling control sv 2
52MC Unassigned
53MC Ship Administrative NV 4
54MC Repair officer's control NV 4

*x
Central amplifier systems,

The oscillator operates to generate the
alarm signals as long as the alarm contact
maker is held closed (except for general alarm
which is sounded for a predetermined 15-
second interval after momentary closure of
the general alarm contact maker). Release
of the alarm contact maker causes the equip-
ment to be returned to STANDBY after sounding
the alarm. The visual alarm circuit is closed
continuously during a chemical attack alarm,
and intermittently during a general alarm.

MICROPHONE CONTROL STATIONS

Four microphone control stations are located
at various points throughout the ship. The cir-
cuit 1IMC-6MC microphone control station can
select any one or more of the four 1MC loud-
speaker groups or the circuit 6MC loudspeakers.
The other microphone control stations are wired
to permit the selection of circuit 1IMC loud-
speaker groups only. The operation of circuit
IMC from any microphone control station has
priority over circuit 6MC operation. Microphone
control stations on circuit 1IMC do not have
priority over each other, however, the bridge
station does have priority over all others.

ALARM
CONTACT MAKERS

When the press-to-talk switch on the micro-
phone of any microphone control station is
operated for general voice announcements (fig.
8-2), all loudspeakers selected at this control
station (except the loudspeaker in the immediate
area of the control station in use) are connected
to the equipment and reproduce the message
spoken into the microphone. It is possible for
the IMC-6MC microphone control station to
transmit over circuit 6MC loudspeakers at the
same time thata circuit IMC microphone control
station is transmitting over a circuit 1MC loud-
speaker group.

LOUDSPEAKER GROUPS

The loudspeakers associated with circuit
IMC operation are divided into four groups
designated (1) officers, (2) topside, (3) crew,
and (4) engineers. There is only one circuit
6MC loudspeaker group.

AUDIO AMPLIFIER CABINET

The control circuits for circuit IMC and
circuit 6MC are contained in the audio amplifier
cabinet (fig. 8-3). In addition to the various re-
lays, indicator lamps, fuses, transfer switches,

CIRCUIT IMC
LOADSPEAKERS

CIRCUIT IMC
MICROPHONE STATIONS

A.F. AMPLIFIER
TYPE 1C/BMG

CIRCUIT IMC-6MC
MICROPHONE STATIONS

CIRCUIT 6MC
LOUDSPEAKERS

27.124

Figure 8-1.—Circuit IMC-6MC equipment.
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Figure 8-2.—Microphone control station.

and test switches, the cabinet contains two oscil-
lator assemblies, two preamplifier assemblies,
and two power amplifier assemblies.

The oscillators, one of which is a spare, are
used to generate the alarm signals. The pre-
amplifiers are used to increase the microphone
output on voice signals to a level sufficiently high
to drive the power amplifiers. The power ampli-
fiers are used to increase the level of the alarm
signals from one of the oscillators and the voice
signals from one of the preamplifiers for repro-
duction by the loudspeakers.

Two identical amplifier channels are pro-
vided to permit the operation of the 1MC and
6MC circuits independently on the two channels
(fig. 8-4). Each channel includes a preamplifier
and a power amplifier. Channel selection is
accomplished by means of the amplifier channel
selector switch on the audio amplifier cabinet.

Normal operation of the system is obtained
with the amplifier channel selector switch setat
IMC on A and 6MC onB. When the switch is set
at IMC-6MC on A, channel B is isolated for
trouble shooting and repair, and the announce-
ments and alarm signals are transmitted on
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channel A, Conversely, when the switch is s«
at IMC-6MC on B, channel A is isolated a:
all transmission is over channel B.

Preamplifiers

The preamplifiers consist of a power suppl;.
three parallel-connected voltage amplifier
stages, a push-pull-parallel connected power
amplifier stage, a limiter circuit, and a com-
pressor circuit,

The COMPRESSOR circuit provides greater
amplifier gain with low-level signals than vith
high-level signals, thus compensating for th
differences in voice inputs at the microphoe
control stations. When the compressor switch,
S1 (tig. 8-8) is in the ON position, the biasd
the first stage voltage amplifier is reduced
resulting in a 14 db maximum increase in am-
plifier gain for low-level input signals. Toe
LIMITER circuit provides for a rapid reductin
in amplifier gain when the amplitude of the inpt
signal would overload the amplifier and cause
distortion.

The compressor-limiter circuit consistsd
twin triodes, operating as a phase-inverter anl
limiter.

Normal operation of the preamplifier can be
checked by measuring the overall output a
plate current of each stage by the meter, Ml
and meter switch S2. The meter switching is
arranged so that normal operation of e
stage is indicated by a midscale meter readix
of 0dbt 2 db.

Power Amplifiers

The power amplifiers consist of a voltag
amplifier stage, a phase inverter stage, tw
driver stages, and a final power amplifier stage.
Two tubes (not sections) operate in parallel for
every stage except the final stage which has
two groups of three triodes in parallel and th
two groups in push-pull. The parallel connec-
tion of the triodes permits circuit operationi
the event of failure or removal of one tube pr
stage (two tubes in the final stage).

The power to operate the power amplifi
is supplied through a 38-conductor polariz
plug, directly to the filament transformer, &
through switch S3 (fig. 8-3) to the plate powe
transformer. A time-delay relay (not show.
external to the amplifier chaasis, prevents t*
application of power to the plate power trans
former until approximately 30 seconds aftt:
filament power has been applied.
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7.20
Figure 8-3.—Audio amplifier cabinet.
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The operation of each stage of the power ical attack, (3) general, and (4) sonar. Each

amplifier in addition to the overall audio output
can be checked by meter M2 and the 7-position
meter switch, S3 (fig. 8-3). Normal operation
of each stage is indicated by a midscale reading
on the meter with rated input signal and output
load.

Oscillators

Each oscillator is capable of generating a
variety of alarm signals although only four are
used in this application: (1) collision, (2) chem-
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oscillator is also capable of generating four
additional alarm signals which can be used in
the event of future expansion of the system.
The additional alarms are: (1) simulated motor-
operated horn-type signal; (2) jump-tone signal
which alternates between 600 and 1,000 cps at
the rate of 1 1/2 cps; (3) jump-tone signal which
alternates between 600 and 1,500 cps at the rate
of 6 cps; and (4) simulated siren-type signal.
However, these alarms are not discussed in this
chapter.
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When any alarm is sounded, the frequency of
relay operations is similar except that relays
associated with the particular alarm are ener-
gized. The function of each individual relay in
the system is explained in the applicable manu-
facturer’s technical manual furnished with the
equipment. The operation of the oscillator for
the various alarms is based on the system being
set up for normal operation using oscillator 1
and channel A for 1IMC and channel B for cir-
cuit 6MC.

The oscillator generates the alarm signals
as long as the alarm contact maker is held
closed (except for general alarm which is
sounded for a predetermined 15-second interval
after momentary closure of the general alarm
contact maker). Release of the alarm contact
maker causes the equipment to be returned to
STANDBY after sounding the alarm. The visual
alarm circuit is closed continuously during a
chemical attack alarm, and intermittently during
a general alarm.

Closure of any collision alarm contact maker
energizes relays in the audio amplifier cabinet,
which in turn energizes the collision alarm
contactor associated with the oscillator inactive
service to pulse the signal output of the oscil-
lator and produce the collision alarm.

The COLLISION ALARM is a pulsed 1000
cps signal. Each cycle of the signal consists
of three pulses of 0.06 second and the third
pulse is followed by an off period of 0.3 second.
This cycle is repeated continuously as long as
the collision alarm contact maker is actuated.

The CHEMICAL ATTACK ALARM is a
steady-tone signal of 1000 cps. The closure of
any chemical attack contact maker effectively
completes the control power circuit to the relay
associated with the chemical attack alarm, pro-
vided the relay associated with the collision
alarm has not operated to establish a higher
priority signal. The chemical attack signal is
generated and amplified in the same manner as
the collision alarm signal; however, the signal
is not pulsed.

The GENERAL ALARM is a simulated single-
stroke gong-tone striking at the rate of 90
strokes per minute, The tone is caused to delay
between strokes in a natural manner and the
signal strokes are repeated automatically for
15 seconds after the alarm has been started.
The signal-duration and stroke-repetition rate
are determined by timing relays and contactors
(not shown) in the audio amplifier cabinet but
external to the oscillator assembly.

141

The momentary closure of any general alarm
contact maker completes the control power cir-
cuit to the relay for the general alarm provided
the relays for the collision alarm and the
chemical attack alarm have not operated to
establish a higher priority signal.

The general alarm contactor determines
(1) the duration (15 seconds) of the general
alarm, and (2) the 90 strokes per minute strik-
ing rate of the gong tone. An additional switch
on the oscillator contactor pulses the visual
alarm (busy lights on the microphone control
stations) in step with the general alarm signal.

The SONAR ALARM is a jump-tone signal
alternating between 600 and 1500 cps at the rate
of 11/2 cycles per second. The closure of any
sonar alarm contact maker completes the con-
trol power circuit to the relay for the sonar
alarm provided that other alarm relays have
not operated to establish a higher priority
signal.

Normal operation of an oscillator can be
checked by measuring the plate current of the
various stages and the overall output by meter
M3 and meter switch S4 (fig. 8-3). The meter
switching is arranged so that normal operation
of each stage is indicated by a midscale meter
reading.

OPERATION

The path of circuits 1MC and 6MC from the
inputs to the loudspeakers is shown by the block
diagram in figure 8-4. The selector switch
for the oscillators and amplifiers is set for
normal operation with oscillator 1 and both
amplifiers in active use. Channel A isnormally
used for circuit 1IMC and channel B for circuit
6MC. In case of failure of a preamplifier or
power amplifier, both circuit 1IMC and circuit
6MC can be switched for operation on either
channel A or channel B. When both circuits,
IMC and 6MC, are switched to the same channel,
circuit 1IMC has priority over circuit 6MC
operation,

Circuit 1IMC Microphone Control
Station

To make voice announcements from a circuit
IMC microphone control station, operate one or
more of the loudspeaker group selector switches
(fig. 8-2) to select the area or areas to receive
the announcement. Observe the busy indicators.
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When BUSY 1 lamp is lighted, circuit IMC
amplifier is in use. Except inanemergency, do
not attempt touse circuit IMC when BUSY 1 lamp
is lighted. If another microphone control station
selects a circuit 1IMC loudspeaker group and
operates the press-to-talk switch, the transmis-
sion from both microphone control stations will
go out to all loudspeaker groups selected by both
microphone stations.

When BUSY 2 lamp is lighted, circuit 6MC
amplifier is in use and will have no effect on
circuit 1MC operation,

When both BUSY 1 and BUSY 2 lamps are
lighted, (1) an alarm signal isbeing transmitted
irrespective of the amplifier in use; (2) both
circuit IMC and circuit 6MC are in use, and if
another microphone control station attempts to
use circuit 1MC the transmission from both
microphone stations will go out to all loudspeaker
groups selected by both microphone stations;or
(3) both circuit IMC and circuit 6MC are onone
amplifier (during test or in the event of failure of
an amplifier channel) and one or the other circuit
is in use.

Circuit IMC takes priority over circuit 6MC,
therefore, if circuit 6MC is in use and a circuit
IMC loudspeaker group is selected from another
microphone control station, circuit 6MC will be
cut off when the microphone press-to-talk switch
is operated and the announcement will go out to
the circuit IMC loudspeakers only. If circuit
IMC is in use and a circuit 1IMC loudspeaker
group is selected, the transmission from both
microphone stations will go out to all loudspeaker
groups selected by both microphone stations.

Circuit 1IMC-6MC Microphone
Control Station

To make voice announcements from the
IMC-6MC microphone control station, operate
the intership selector switch (fig. 8-2). Observe
the busy indicators as previously described.

When the BUSY 1 lamp is lighted, circuit
IMC 1is in use, but circuit 6MC can be selected
and used at the same time without interference
to the transmission on circuit IMC. Except in
an emergency, do not attempt to use circuit
IMC when the BUSY 1 lamp is lighted. If a
microphone control station selects a circuit
1IMC loudspeaker group and operates the press-
to-talk (microphone) switch when the BUSY 1
lamp is lighted, the transmission from both
microphone stations will go out to all circuit
IMC loudspeaker groups selected by bothmicro-
phone stations.
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When both BUSY 1 and BUSY 2 lamps are
lighted, (1) an alarm signalisbeing transmitted;
or (2) both circuit IMC and circuit 6MC are on
one amplifier (during test or in the event of
failure of an amplifier channel) and circuit IMC
is in use from another microphone control
station. Because circuit 1IMC has priority over
circuit 6MC, it is not possible to use circuit
6MC when both the BUSY 1 and BUSY 2 lamps
are lighted. If a circuit 1IMC loudspeaker group
is selected and the press-to-talk switch is
operated, the transmission from both micro-
phone control stations will go out to all circuit
IMC loudspeakers selected by both microphone
stations.

Alarm Contact Maker

The operation of an alarm contact maker
will take precedence over any microphone con-
trol station. When an alarm is sounded, the
BUSY 1 and BUSY 2 indicators are lighted at
all microphone control stations and the alarm
signal is transmitted to all circuit 1IMC loud-
speakers. With the exception of the general
alarm, the alarm signals will be sounded only
as long as the contact maker is held in the
operated position. The general alarm signal,
once started by momentary operation of the
general alarm contact maker, will continue for
15 seconds. This alarm can be repeated by
again momentarily closing the general alarm
contact maker.

Audio Amplifier Cabinet

Normal operation does not involve the opera-
tion or switching of controls at the audio ampli-
fier cabinet, provided the switches and controls
are set for normal operation. The meters on
each oscillator and amplifier assembly can be
observed for normal operation by placing the
meter switch in position 1.

During the transmission from a microphone
control station, normal operation of the pre-
amplifier and power amplifier in active use is
shown by a meter reading which swings to 0 db on
voice peaks. During the transmission of alarm
signals, normal operation of an oscillator in
active service depends on the nature of the alarm
signal. Normal operation of an oscillator on
general alarm is indicated by a reading which
swings from no reading to midscale (0db). Dur-
ing alarm signals the preamplifier is bypassed.
Normal operation of a power amplifier in active
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service is indicated by a reading withint 2 db
of the meter reading for the oscillator.

MAINTENANCE

If the entire announcing system is inopera-
tive, the trouble is probably in the ship’s power
supply or wiring from the ship’s power supply.
Check the power available indicator onthe audio
amplifier cabinet (fig. 8-3). This indicator, un-
less it is defective, willbe lighted when power is
available at the cabinet,

Check the fuses in the early stages of trouble
shooting. All fuses are located on the control
panel of the audio amplifier cabinet in combina-
tion fuse holders and blown-fuse indicators, and
are accessible from the front of the cabinet.
Failure of a fuse isindicated when the neon-glow
lamp in the fuse-holder cap is lighted. The
switch controlling power to the circuit (which a
fuse protects), must be in the ON position for
the glow lamp to give an indication of fuse fail-
ure. Also, inthe case of fuses protecting micro-
phone control stations, the microphone talk
switch at the microphone control station must
be operated to give an indication of fuse failure.

Performance failure of the shipboard an-
nouncing equipment can be corrected most
readily by first isolating the assembly at fault,
then isolating the circuit of that assembly, and
finally by isolating the particular part causing
the trouble. Localization of trouble in the sys-
tem will be comparatively simple because of
the test facilities included in the equipment.
Also, the use of duplicate oscillator, preampli-
fier, and power amplifier assemblies permits
the testing or repair of one assembly while the
other assembly remains inactive service, there-
by avoiding the necessity for shutting down the
system. Trouble in an assembly can be local-
ized readily by using the meter and meter
switch included in each assembly (fig. 8-3).
In most cases a faulty assembly or even the
faulty stage of an assembly can be localized
by these meters without resorting to extensive
troubleshooting procedures.

Microphone Control Station

A short circuit in the wiring to amicrophone
control station or a defect in a microphone con-
trol station can, under certain circumstances,
prevent normal operation from other microphone
control stations. In the event of such trouble,
operate the microphone station disconnect switch
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to the OFF position. Ifthelocationof the defec-
tive microphone station is notknown, operate all
microphone station disconnect switches on the
audio amplifier cabinet (fig. 8-3) to the OFF
position, one at a time until the defective micro-
phone control station is isolated. Leave this
switch in the OFF position until the trouble has
been corrected. Return all other microphone-
station disconnect switches to the ON position.

Loudspeaker

A short circuit in a loudspeaker or in the
loudspeaker wiring can cause a power amplifier,
which tests normally, to act abnormally when
switched into active service. It will result in a
lower than normal meter reading of the power
amplifier output. If the location of the defective
wiring or loudspeaker is not known, operate the
loudspeaker-group disconnect switches on the
audio amplifier cabinet to the OFF position, one
at a time until the defective loudspeaker group
is isolated. This will be indicatedbya return to
normal meter reading (0 db t 2 db) of the power
amplifier.

If the trouble persists and is not in the micro-
phone control stations or loudspeaker groups, it
is probably in the preamplifier, power amplifier,
or oscillator assembly.

Preamplifier

Normal output of a preamplifier is 10 volts
which is indicated by a midscale reading of 0
dbt 2db on the output meter with the meter
transfer switch in position 1. Normal output is
obtained from a preamplifier when the voice
signals from a microphone control station are
applied to the input terminals, or when attenuated
alarm signals from anoscillator being tested (or
being used as a source of test signal) are applied
to the same terminals. Innormal system opera-
tion, the alarm signals generated by anoscillator
in active service bypass the preamplifier in
active service and are applied directly to the
input of the power amplifier in active service.

To check a preamplifier for normal opera-
tion, apply an attenuated signal from the oscilla-
tor not in active service to the input transformer,
of the preamplifier and observe the output meter
readings from each meter switch position.
Operate the test chemical attack alarm switch
to the ON position (fig. 8-3) to cause the oscil-
lator not in active service to generate a 1,000
cps signal. This signal is attenuated and fed
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to the preamplifier on test through the test input
control. The normal test signal input to the pre-
amplifier will indicate a midscale reading of 0 db
t2 db for the normal outputs of the various
stages.

When the meter switch, S2, (fig. 8-3) is
rotated to positions 1 through 7 inclusive, the out-
put meter, M1, is connected to terminals in the
various output stages of the preamplifier. If
other than a normal reading is obtained, check
the voltage of the stage or stages at fault and
compare the readings with those listed in the
applicable manufacturer’s technical manual.
Localize the trouble and replace the defective
part.

Power Amplifier

Normal audio output of a power amplifier is
70 volts whichis indicated by a reading of 0 db on
the output meter with the meter switch in position
1 (fig. 8-3). In normal operation, alarm signals
from the oscillator in active service drive the
power amplifier to normal output. Likewise, the
amplified voice signals from the preamplifier
will drive a power amplifier to normal output.

During test, the oscillator not inactive serv-
ice is used todrive the preamplifiernot in active
service. The preamplifier, in turn, drives the
power amplifier not in active service. The audio
output of the power amplifier isfed toa dummy-
load resistor combination in the secondary of
the output transformer of the power amplifier.
Switching arrangements in the audio amplifier
cabinet prevent the test signals from reaching
the loudspeakers.

In the majority of cases, trouble in any stage
of the power amplifier will also affect the meter
reading when measuring the output signal.
Therefore, when an abnormal signal output is
indicated on the meter, localize the trouble by
using the power amplifier meter and meter
switch to check the operation of all the stages.

To check a power amplifier for normal oper-
ation, operate the TEST START switchto the ON
position (fig. 8-3) and observe the output meter
readings from each meter switch position. The
normal test signal input to the power amplifier
should indicate a midscale reading of 0 db for
normal audio output, and a midscale meter read-
ing of 0 db t2 db will indicate normal output for
the other stages of the power amplifier.

When the meter switch, S3, is rotated to
positions 1through 7, inclusive, the output meter,
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M2, is connected to terminals in the various
stages of the power amplifier. If an abnormal
meter reading is indicated, check the voltage of
the stage or stages atfault with the normal read-
ings listed in the manufacturer’s technical man-
ual. Isolate the trouble and repair or replace
the defective component.

Oscillator

Normal output of an oscillator is 10 volts
which is indicated by a midscale reading of 0 db
with the meter switch in position 1 (fig. 8-3).
On general alarm, collision alarm, and sonar
alarm, this reading swings from no reading to
0 db. The 1,000 cps test checmicalattack alarm
signal is used for adjusting the amplifier. It is
essential that an output of 0 db be obtained from
the oscillator.

Normal operation of each stage of an oscil-
lator is indicated by the correct meter reading,
when the meter, M3, is switched into each stage
by meter switch, S4, and the various test alarm
switches are operated. It is important to note
that no reading will be obtained from some posi-
tions of the meter switch when alarms (test or
actual) are being sounded. When trouble shooting
an oscillator, be certain that a normal meter
reading is not obtained for the particular stage
before attempting to localize trouble within the
stage. In most cases, trouble in one stage will
also affect the meter reading when measuring
the oscillator output with the meter switch in
position 1.

When an abnormal output is indicated, local-
ize the faulty stage by checking the operation of
each stage. Rotate the meter switch, S4, through
its various positions and compare the readings of
meter, M3, with the normal readings listed in
the manufacturer’s technical manual, If any of
these readings are above or below normal
(0 db) by more than 2 db or if no reading is ob-
tained, make a voltage test of the faulty stage
or stages and compare the readings with the
normal readings listed in the technical manual.
Localize the trouble and repair or replace the
faulty component as necessary.

1IMC-6MC ANNOUNCING SYSTEM,
AN/SIA-114

The 1IMC-6MC announcing system, AN/SIA-
114 is a later type of shipboard announcing
system designed to perform the same functions
as the system just discussed. The major units
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of the system are the control rack and the
power rack, (fig. 8-5).

CONTROL RACK

The control rack is a bulkhead mounted
enclosure containing a control panel, two relay
panel assemblies, a relay power supply, and
sixteen plug-in assemblies, (eight for each
channel).

The control panel mounts the various con-
trols, switches, and indicators for system
operation and testing. At the bottom of the
control rack behind the front cover, are two
relay panels. The outer relay panel consists
of 70 relays mounted in rectangular sockets,
and the inner relay panel consists of 14 relays

mounted in octal sockets. A relay power supply
is mounted near the top of the inner relay panel

The 8 plug-in assemblies for each channel
consists of power supply, PP-2563/SIA; a-f
amplifiers, AM-2127/SIA, and AM-2506/SIA,
and a-f oscillators, 0-718/ SIA, 0-721/SIA,
0-722/SIA, 0-724/SIA, and 0-725/SIA. A handle
is provided on each plug-in assembly to facilitate
removal and installation of the assembly.

Power Supply PP-2563/SIA
Transistorized power supply PP-2563/SIA,

(fig. 8-6), furnishes -30 : 2VDC at 100 to 110
ma, and +30 :2VDC at .2 ma. The negative
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Figure 8-6.— Power supply PP-2563/SIA, schematic diagram.
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oltage is full-wave rectified, and the positive
oltage is half-wave rectified.

Transistor Q1001 and Zener diodes CR1004A
nd CR1004B regulate the -30 volt output as
hown by curve A. Zener diodes CR1005A and
'R1005B regulate the +30 volt output as shown
y curve B.

-F Amplifier AM-2506/SIA

Audio-frequency amplifier AM-2506/SIAisa
transistor microphone preamplifier (fig. 8-7),
1e output of which drives a 5 transistor micro-
hone and oscillator amplifier, AM-2127/SIA.

The microphone preamplifier (fig. 8-8), is

common emitter 4 stage amplifier with a

divider network between the first and second
stages, and a feedback circuit (which acts as a
limiter circuit), via transistors Q902 and Q903
in the microphone and oscillator preamplifier,
(fig. 8-9).

A-F Amplifier AM-2127/SIA

Audio-frequency amplifier AM-2127/SIA
contains 2 transistor amplifier stages, Q901
and Q905, an emitter follower stage, Q904, and
2 bias transistors, Q902 and Q903, employed
in a limiter circuit.

The limiter circuit consisting of Q902 and
Q903, in conjunction with varistors V801 through

-

1

EMITTER EMITTER
MICROPHONE = | AmPLIFIER AMPLIFIER
- FOLLOWER - 8! FOLLOWER
ISIGNAL INPUT Q801 f Q802 Q803 o
| DIVIDER
| NETWORK
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I_ —
BIAS BIAS
| TRANSISTOR f@—{TRANS ISTOR fagg—— AMgf'x'f'E" ——
Q903 Q902 !
| EMITTER
ALARM SIGNAL INPUT—————pm| FOLLOWER gl
Q904
| AMPLIFIER . MICROPHONE-ALARM
Q905 SIGNAL OUTPUT
AUDIO FREQUENCY AMPLIFIER AM-2127/S1A I

(MICROPHONE AND OSCILLATOR AMPLIFIER)

L

J

140.38

Figure 8-7.—A-f amplifiers AM-2506/SIA, and AM-2127/SIA, block diagram.
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Figure 8-8.—A-f amplifier AM-2506/SIA, schematic diagram.

V806 (fig. 8-8), provides signal amplitude con-
trol. Transistor Q902 is biased to conduct only
on microphone input signals greater than the
maximum amplitude limit. Conduction of Q902
results in conduction of Q903. Conduction of
Q903 lowers the impedance of the network
(dashed lines figs. 8-8 and 8-9), resulting in a
decrease in voltage across varistors V801

which reduces the Q802 base emitter bias cur-
rent, and thus the gain of Q802.

Alarm signals require less amplification than
microphone signals and are therefore applied
directly to the base of Q904.

A-F Oscillator 0-718/SIA

through V806. The voltage decrease on the Collision alarm oscillator 0-718/SIA, (fig.
varistors causes their resistance to increase, 8-10, contains a transistorized oscillator
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Figure 8-9.—A-f amplifier AM-2127/SIA, schematic diagram.
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Figure 8-10.—A-f oscillator 0-718/SIA (collision alarm), block diagram.
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Figure 8-11,—A-f oscillator 0-721/SIA (chemical alarm), block diagram.
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circuit which generates a pulsed 1000 cps
signal. Each period consists of three pulses 50
milliseconds in duration. Each group of three
pulses is followed by an off time of 0.35 second.
This cycle is repeated continuously as long as
power is applied to the circuit.

A-F Oscillator 0-721/SIA

Chemical alarm oscillator 0-721/SIA (fig.
8-11), contains a transistorized oscillator cir-
cuit which generates a continuous 1000 cycle
signal as long as power is applied to the cir-
cuit, The oscillator also contains two transis-
torized circuits which furnish a timed relay
voltage and an interrupted relay voltage to the
general alarm circuits.

Transistor Q1401 (fig. 8-12), is connected
as a Collpitts oscillator, and generates a 1000
cycle sine wave signal. This signal is coupled
to the base of emitter follower Q1402. From
the emitter of Q1402 the signal is coupled
through GAIN control potentiometer R1407 to
the base of amplifier Q1403. The signal output
is at pin 3 of connector J1401.

The circuits associated with the general
alarm are discussed along with the general
alarm oscillator discussion.

A-F Oscillator 0-722/SIA
General alarm oscillator 0-722/SIA (fig.

8-13), contains oscillator and timer circuits,
which in conjunction with circuits in the chemical

140.43

Figure 8-12.—A-f oscillator 0-721/SIA, schematic diagram.
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Figure 8-13.—A-f oscillator O-722/SIA (general alarm), block diagram.

alarm oscillator, produce a simulated single-
stroke, gong tone striking at the rate of 90
strokes per minute. The signal continues
automatically for 15 seconds after power is
applied to the circuit.

Transistors Q1501 and Q1504 (fig. 8-14),

. are connected as Collpitts oscillators, and

i
;

generate sine wave signals at 1500 and 1000
cps. The 1500 cycle signal from Q1501 is
coupled to emitter follower Q1502, and the
1000 cycle signal from Q1504 is coupled to
emitter follower Q1505. The outputs of Q1502
and Q1505 are mixed at the base of amplifier
Q1503, whose emitter is gaited by the timing
circuit,

Unijunction transistor Q1508 is used as a
timer to control flip-flop transistors Q1506
and Q1507. Potentiometer R1534 controls the
timing of Q1508. The output of the flip-flop
is a 1 2/3 cps square wave having a peak-to-
peak amplitude of approximately 14 volts, This
square wave is differentiated by R1516 and
C1510, and gates the emitter of Q1503. The
output, regulated by R1512, is at pin 3 of con-
nector J1501,

When the general alarm is actuated, -30
VDC is applied to pin 6 of J1401 (fig. 8-12),
capacitors C1410 and C1411 begin to charge.
Potentiometer R1415, resistor R1414, and ca-
pacitors C1410 and C1411 are used as an RC
time constant network. Potentiometer R1415
is set so that 15 seconds after the general
alarm is actuated, timer Q1404 sends out a
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positive pulse that cuts off Q1405. When Q1405
is cut off, relay K1401 is deenergized which
disconnects the relay power input circuit from
the timed relay power output, deenergizing the
general alarm relays.

The 1 2/3 cps signal output of Q1507 (fig.
8-14) is applied through pin 7 of J1401, (fig.
8-12), to the base of Q1406. This pulse turns
Q1406 on and off, energizing and deenergizing
relay K1402. Thus interrupted relay power is
supplied through pins 9 of J1401 and J1501
to operate control relay K563, and visual
alarm relay K580 (not shown).

A-F Oscillators 0-724/SIA and
0-1725/SIA

Unassigned alarm ‘‘A’’ oscillator 0-724/SIA,
(fig. 8-15), contains transistorized oscillator
and timer circuits which generate 500 cycle
and 1500 cycle sine waves alternating at the
rate of 1 1/2 cps (jump tone).

Unassigned alarm ‘‘B’’ oscillator 0-725/SIA
generates a jump tone of 600 and 1500 cps
sine waves alternating at the rate of 6 cps.

POWER RACK

The power rack is a deck mounted en-
closure containing 2 identical 500 watt power
amplifiers (a-f amplifier AM-2128/SIA), and a
ventilation blower. Each amplifier consists of
two units, the power amplifier, chassis 1, and
the power supply, chassis 2, (fig. 8-16).
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Figure 8-15.—A-f oscillator 0-724/SIA (unassigned alarm ‘‘A’’), block diagram.

The power amplifiers, similar to the power
amplifiers in the 1MC-6MC system discussed
previously, consist of a voltage amplifier stage,
a phase inverter stage, 2 driver stages, and a
final amplifier stage.

INTERCOMMUNICATING SYSTEMS

Intercommunicating (intercom) systems pro-
vide for two-way transmission of orders and
information between stations. Each intercom
unit contains its own amplifier.

INTERCOMMUNICATING UNIT

Intercommunicating units installed in naval
vessels are of standard design (fig. 8-17).
This standardization permits the units, irres-
pective of their mechanical construction, to be
connected together electrically in a system.
The electrical characteristics that must be
identical to permit interconnection in a system
are the (1) audio amplifier input and output
power requirements; (2) amplifier output im-
pedance to the loudspeaker line transformer;
(3) supply voltages and currents; (4) call and
busy signal voltages; and (5) interconnection
circuits.

Standard intercommunicating equipment con-
sists of the wired audio reproducing type of
unit. The intercom units consist of two types.
One type can originate calls up to a maximum
of 10 other stations, and the other type can
originate calls up to a maximum of 20 other
stations. There is no operational difference
between the two types of units. The schematic
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diagram of a standard intercommunicating unit
is illustrated in figure 8-18.

The ship’s power for the intercommunicating
system is controlled by a master switch on the
IC switchboard and is supplied through a TSGA
cable. The TSGA cable interconnects the units
in parallel for the single-phase 115-volt power
supply and the signal circuit common line. The
115-volt power is fused at each unit. The audio
and signal lines (excluding the signal circuit
common) of the units in the system are inter-
connected with a TTHFWA cable.

The intercommunicating unit (fig. 8-20) is
housed in a steel cabinet designed for bulkhead
mounting. It will withstand shock vibration, and
salt spray, and will perform under extremes of
temperature and high humidity. The components
consist essentially of a reproducer, controls,
and amplifier.

Reproducer

The reproducer serves as a microphone to
transmit sound from the unit to other units in
the system and as a loudspeaker to reproduce
sound transmitted to the unit by any other unit.
An incoming call can be heard through the loud-
speaker because amplification is accomplished
by the amplifier of the calling unit.

Controls

The controls consist of the talk switch, hand-
set and microphone talk, pushbutton assembly,
busy light, call light, volume control, and dim-
mer control.
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7.25

Figure 8-17.—Intercommunicating unit.

The TALK SWITCH, S26, (fig. 8-18), serves
to select the function of the reproducer. When
the switch is depressed, the reproducer func-
tions as a microphone and the output of the
amplifier of the calling station is electrically
connected to the reproducer of the called sta-
tion. When the switch is released the repro-
ducer functions as a loudspeaker. The talk
switch is spring loaded and returns to the listen
or standby position when released.

A HANDSET can be used with the intercom-
municating unit in place of the reproducer. The
operation is the same as that of the reproducer
except that the pushbutton in the handset is used
as a talk switch in place of the regular talk
switch on the front panel. Incoming calls will
be heard simultaneously in the handset and in the
reproducer. The volume control will control
the level of the incoming call to the reproducer

¢ only.
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A PORTABLE MICROPHONE can also be
used with the equipment. The operation is the
same as that of the reproducer, except that the
pushbutton on the microphone is used as a talk
switch instead of the regular talk switch on the
equipment.

The PUSHBUTTON ASSEMBLY, or station
selector buttons, are located at the top of the
front panel. The locations or designations of
the various units in the system are engraved
in the station designation plate below the as-
sociated selector buttons. When the station
selector buttons are depressed they will lock
in the operated position until the release push-
button is depressed to return them to the non-
operated position.

The 10-station unit is provided with one
bank of station selector switches, whereas
the 20-station unit is provided with two banks
of selector switches. In the 20-station unit,



IC ELECTRICIAN 3 & 2

however, the latchbar switches and release push-
buttons are electrically interconnected.

One bank of selector switches consists of
the switch mechanism, 11 pairs of spring pile-
up switches, and a latch-bar switch. Each pair
of pile-up switches (consisting of an upper
pile-up designated S1U, S2U, and so forth, anda
lower pile-up designated S1L, and so forth, is
operated simultaneously by a separate release

pushbutton.

During standby periods the release push-
button is kept in the depressed, or operated
position. When any station selector button is
depressed, the release pushbutton will auto-
matically return to the nonoperated position and
the release lamp under the pushbutton will be
lighted. At the conclusion of a conversation the
release pushbutton must be depressed to extin-
guish the release lamp and return any station
selector buttons which were operated, to the
nonoperated position.

The BUSY lamp is lighted when a station
button is depressed to call another station and
the station being called is busy. Do not leave a
station selector button depressed when the busy
lamp is lighted. Depress the release pushbutton
and call later.

The DIMMER CONTROL, S27, (fig. 8-18)
controls all illumination of the unit. The signal
lights are off when the control knob is in the
extreme counterclockwise position and are fully
lighted for all other positions as the knob is
turned clockwise. The station designation lights
are lighted for all positions of the control knob
and the illumination increases as the knob is
turned clockwise.

The VOLUME CONTROL, S25, is associated
with a variable impedance output transformer,
T2, inside the unit. As the knob is rotated,
the electrical energy passing through the tapped
coil to the loudspeaker is increased and the
volume of sound output of the loudspeaker is
correspondingly increased. This control has
no effect on the volume of the outgoing sound
from the unit. Thus, each umit in the system
can control the incoming volume to the desired
level.

Amplifier

The amplifier is a 3-stage push-pull ampli-
fier consisting of the input transformer, T1,

double triodes, V1 and V2, beampower tubes,
V3 and V4, output transformer, T2, and the
power supply rectifier twin diode, V5.

The primary of T1 is tapped to match it
either to the internal loudspeaker, LS1, used
as a microphone, or to an external microphone
over a frequency compensating network con-
sisting of R21, R22, R23, and C12. The sec-
ondary of T1 drives the grids of the first
voltage amplifier stage, V1.

Resistance-capacitance coupling is used be-
tween the three stages of the amplifier. The
output of the power stage, V3 and V4, 18 coupled
through the output transformer, T2, to the voice
transmission line., When the amplifier is not in
use (when receiving calls) transformer, T2,
acts as a line transformer. Calls are received
over the voice transmission line and are coupled
over a separate winding to the loudspeaker,
LS1. This winding is provided with taps con-
nected to the switch-type volume control, S25,
to change the step-down voltage ratio of T2 and
thus control the volume of the incoming signal.

During the standby periods the plate current
of V2 is cut off completely and the plate current
of the output tubes, V3 and V4, is reduced to a
very low value. This reduction in plate current
is accomplished by the voltage drop across R12
connected between the center tap of the high-
voltage winding of T3 and ground. This voltage
increases the bias on V3 and V4. The d-c volt-
age on the filter capacitors C7, C8, and C9 is
substantially the same during standby periods
(no load) and during periods of speech (load)
because R12 changes the rectifier circuit from
capacitor-input (with load) to resistor-input on
no load. The reduced voltage with capacitor
input on load is approximately the same as with
resistor input on no load. Resistor, R12, is in |
series with C9 during standby periods.

This type of cut-off circuit eliminates volt-
age surges on the capacitors when switching
from standby to ready conditions and also
eliminates the delay caused by charging of the
capacitors. To ready the amplifier for outgoing
speech, R12 is shorted by operating the loud-
speaker, LS1, talk switch, S26 (terminals 7 and
8); by pressing the pushbutton in the auxiliary
handset or microphone (terminals C and D on
J6); or by operating an external switch con-
nected to terminals S5 and GND.

The upper end of resistor, R11, is connected
from the junction of R8 and R9 to ground (R12
being shorted during ready periods). Any un-
balance in the audio voltages reaching the grids
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of V3 and V4 will develop a voltage across R11.
The upper end of resistor, R1l, is also con-
nected to terminal 5 of the feedback winding on
T2. Terminal 6 of this winding is connected to
the V2A grid via R4 and terminal 4 is connected
to the V2B grid via R5. The unbalanced voltage
developed across R1ll will be fed back to the
grids of V2A and V2B through R4 and R5 re-
spectively in the proper phase to correct the
unbalanced condition. The cathode circuit of
V2A and V2B is returned to ground through
contacts 3-4 of the talk relay, K1.

Negative feedback is incorporated in the
design of the amplifier to lower the apparent
output impedance and to develop a 70-volt output
(within 3 db) when the amplifier is delivering
10 watts to any combination of from one to four
other intercommunicating units. The feedback
is developed by the separate winding on the
combination output-line transformer, T2 (ter-
minals 4, 5, and 6). The voltage is fed back
symmetrically to the grids of V2 through R4
and R5.

STATION |

OPERATION

To call a particular station, depress the sta-
tion selector switch of the desired station (S2
through S11), depress the talk switch, S26, and
speak directly into the grille. Release the talk
switch, S26, to listen. When the conversation
is completed, depress the release pushbutton,
S1, to return the selector pushbutton to the
nonoperated position.

To accept a call from another station, listen
to the incoming call through the loudspeaker.
Do not operate any of the station selector push-
button switches. Depress the talk switch, S26,
to reply to the incoming call. The call light
is illuminated to indicate the station is being
called by another station. If the call light
remains illuminated after the conversation is
completed, remind the calling station todepress
his release pushbutton.

The audio circuit between two stations is
illustrated by the simplified schematic diagram
in figure 8-19. The talk switches at both sta-
tions are shown in the normal (listen) position.

STATION 2

7.27

Figure 8-19.—Schematic diagram of audio lines between two stations.
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When the talk switch, S26, at either station is de-
pressed, the voice coil leads of the loudspeaker
are shifted from terminals 7 and 13 of the sec-
ondary of T2 to the input transformer, T1, of
the associated amplifier. At the same time con-
tacts 7-8 of S26 (fig. 8-18), are closed to short
resistor, R12, to ground, thereby decreasing
the bias on V3 and V4. This action increases
the V3 and V4 plate current through the operating
coil terminals 7-8 of relay, K1. The increase
in plate current operates relay, K1, to close
contacts 3-4 and complete the circuit from the
V2 cathodes through R6 to ground. This action
applies plate voltage to V2 and the amplifier at
the talking station is placed in the ready condi-
tion,

The voice signals are amplified and applied
to terminals 14 and 15 of T2 at the listening
station and appear across terminal 7 of T2 and
the moving contact of the volume control, S25,
and then to the loudspeaker.

STATION NO |

The amplifier of the listening station is in a
standby condition. In the standby condition the
plate current of V2 (fig. 8-18) is completely cut
off, and that of V3 and V4 is redv-od 42 a ooy
low value by the voltage drop across R12, which
is in the negative high-voltage center tap 2 of
T3 to ground.

Station 1 Calling Idle Station 2

The signaling circuits between two stations
are illustrated by the simplified schematic dia-
gram in figure 8-20. Terminal 9 of the 16-volt
winding of the power transformer, T3, in both
stations is connected through terminal XX to
the signal circuit common MCXX, which is con-
nected in parallel withall XX terminals through-
out the system. Terminal 8 of T3 at station 1
is connected to terminal 8 of the busy relay,
K2. When the station selector pushbutton switch,
S2, is depressed to call (idle) station 2, the
release pushbutton, S1, will be released as soon

| STATION NO 2

=/

.28

Figure 8-20.—Schematic diagram of signaling circuits between two stations.
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as S2 is depressed. The latchbar switch, S23,
will operate to momentarily connect terminal 7
of the busy relay, K2, to the signal line, MC2X.
The circuit is from terminal 7 of busy relay K2,
contacts 3-2 of S23, contacts 2-1 of S2, to ter-
minal 2X, and to line MC2X. If station 2 is idle,
line MC2X will be connected to terminal 8 of T3
at station 2. The circuit is from line MC2X to
terminal 1X of station 2, contacts 6-7 of S1,
through call lamp I2, and to terminal 8 of T3.

During the time that latchbar switch, S23, is
momentarily operated, terminal 7 of busy relay,
K2, at station 1, is connected to terminal8 of T3
at station 2 through call lamp 12. Terminal 8 of
K2 at station 1 is connected to terminal 8 of T3
at the same station. Terminal 8 of T3 at station
1 i8 at the same potential as terminal 8 of T3 at
station 2 and K2 does not operate.

As soon as latchbar, S23, releases, terminal
7 of busy relay, K2, is open circuited and the
connections of both the audio (heavy) lines and
the signal (light) lines between the two stations

"are established. The call lamp, 12, is lighted at
station 2, The signal circuit is from terminal
8 of T3 to 12, contacts 7-6 of S1, to terminal IX,
over signal line MC2X to terminal 2X of station
1, contacts 1-2 of S2, contacts 2-1 of S23, to
terminal XX, over signal common line MCXX,
to terminal XX of station 2, and to terminal 9
of T3,

The release lamp, I3, at station 1 is lighted
(S1 released when S2 was depressed). The
circuit is from terminal 7 of T3 at station 1, to
release lamp I3, contacts 1-2 of S1, and to
terminal 6 of T3. Line MCIX is connected to
line MCXX. The circuit is over line MC1X to
terminal 1X of station 1, contacts 6-5 of S1, to
terminal XX of station 1, and to signal line
common MCXX. Line MC2X is also connected

. to line MCXX. The circuit is from terminal 2X
of station 1, contacts 1-2 of S3, contacts 2-1 of
523, to terminal XX of station 1, and to line
MCXX.

. Station 1 Calling Busy Station 2

When the station selector pushbutton switch,

_ 82, is depressed at station 1 to call station 2,
. which i8 busy (line MC2X connected to line
" MCXX by another parallel connected station not
shown), the release pushbutton, S1, will be re-
leased as soon as S2 is depressed. The latchbar

- 8witch, S23, will momentarily operate to ener-
gize the busy relay, K2. The circuit is from
terminal 8 of T3, terminals Y7-Y6 of station 1,
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terminals 8-7 of busy relay K2, contacts 3-2 of
S23, contacts 2-1 of S2, to terminal 2X, over
signal line MC2X to terminal 1X of station 2,
contacts 6-5 of S1 (released), terminal XX of
station 2, over signal common MCXX, terminal
XX of station 1, and to terminal 9 of T3.

The busy relay, K2, will lock in the operated
position after latchbar switch, S23, opens. The
circuit is from terminal 8 of T3, terminals
Y7-Y6, terminal 8 and contacts 7-6 of busy
relay K2, contacts 4-3 of S1, to the busy lamp
I1, and to terminal 9 of T3. The busy lamp, I1,
is now in series with the coil of busy relay, K2,
and will be lighted. The audio lines from ter-
minals 14 and 15 of T2 to line MC2 and line
MC2C will be open at contacts 3-4 and 1-2,
respectively, of busy relay, K2, which is oper-
ated.

The normal connection of the audio line from
terminal 14 of T2 (station 1) is through contacts
4-3 of busy relay, K2 (released), contacts 4-3
of S2 (depressed), to terminal 2C, and to line
MC2C. The normal connection of the audio line
from terminal 15 of T2 is through contacts 2-1
of busy relay, K2 (released), contacts 6-5 of
S2 (depressed), to terminal 2, and to line MC2,

Parallel Operation of Two Adjacent
Stations

The operation of two intercom stations in
parallel is illustrated by the simplified sche-
matic diagram in figure 8-21. The incoming
speech from a remote station will be heard at
both stations 3 and 3A, and replies can be made
from either station. Either station can call a
third station but both stations cannot call at the
same time. When the talk switch, S26, at station
3 is depressed to transmit a message, the talk
relay, K1, at station 3A, 18 operated to open the
circuit to the loudspeaker and prevent acoustic
feedback (not shown).

The incoming speech lines, 1 and 1C, of
station 3 are connected to terminal 15 and 14
respectively on transformer, T2.

The 14-15 winding of T2 at both stations
couples the incoming &peech to the tapped
windings of T2 which inclide the volume controls,
S25. Thus the incoming signals appear across
terminals 7 of T2 and the moving contact of the
volume control, S25, at both stations. These
signal sources are connected in series addition
through a closed loop containing both loud-
speakers,
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STATION 3

INCOMING
SPEE"H

STATION 3A

1.29

Figure 8-21.—Schematic diagram of two stations in parallel.

The circuit is from the arm of S25 at station
3, contacts 1-2 of S26, the loudspeaker, contacts
4-5 of S26, terminals Y4 and Y3, contacts 5-6
of K1, terminal Y2 over line MC3Y21 to terminal
Y1 of station 3A, terminal 7 of T2, the arm of
S25, contacts 1-2 of S26, the loudspeaker, con-
tacts 4-5 of S26, to terminals Y4-Y3, contacts
5-6 of K1, terminal Y2, over line MC3Y12, ter-
minal Y1 in station 3, to complete the circuit
at terminal 7 of T2.

The volume at both stations will be the same
and can be controlled by either volume control,
S25. Both volume controls, however, should be
kept at the same setting.

If the talk relay, K1, is operated at either
station, the input to the audio circuit will be
open for both stations.

MAINTENANCE

A test fixture is provided with the mainte-
nance parts of the equipment to facilitate testing

the intercom units. The test fixture is housed
in a metal case and includes the necessary
switches, resistors, and controls to performall
essential tests on a unit., It is provided witha
line cord and plug for connection to the ship’s
115-volt 60-cycle power supply, and suitable
female connectors for attaching it to the rear
of the unit under test. The front cover contains
11 DPDT test switches, S201 through S211, a
SPST call lamp test switch, S212, a SPST tak
test switch, S213, a DPDT polarity test switch,
S214, and an indicator lamp, 1201 (fig. 8-22).

To use the test fixture, remove the intercom
unit to be tested from its case and attach the
test fixture to the rear of the unit by plugging it
into the unit and connecting the line cord anc
plug to the ship’s 115-volt 60-cycle power. Ot
the test fixture, operate the talk switch, S213.
to the OFF position and the 11 test switches.
S201 through S211, to the STANDBY position.
On the unit under test, depress the releas
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7.80

Figure 8-22.—~Wiring diagram of test fixture.
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pushbutton, S1, turn the volume control, S25,
and dimmer control, S27, to the extreme clock-
wise positions, and connect a microphone or
handset into the microphone jack, J6 (fig. 8-18).

Polarity Test

To test the polarity of the unit, operate the
polarity test switch, S214 (fig. 8-22), to the OK
WHEN LIT position (not shown). The indicator
lamp, 1210, should light with full intensity if the
polarity is correct. Now operate the polarity
test switch, S214, to the REVERSED position
(not shown). The indicator lamp should go out
if the polarity is not correct. The lamp may
glow faintly but it i8 not important. The polarity
test checks the polarity of the line and signal
voltage windings (terminals 10-11 and 8-9 re-
spectively) of the power transformer, T3 (fig.
8-18).

Call Lamp Test

To test the call lamp of the unit, operate the
call lamp test switch, S212, on the test fixture
(fig. 8-22). The call lamp, 12, on the unit under
test should be lighted (fig. 8-18),

Amplifier and Reproducer Test

To test the amplifier and reproducer, depress
the (microphone) talk switch and talk into the
microphone. The talker should hear his voice
clearly through the reproducer. Rotate the
volume control knob, S25, on the unit under
test while talking into the microphone, and
observe the effect on the output volume. Now
place the microphone close to the reproducer.
A microphonic feedback should be observed
when the volume control is in the full-volume
position as well as at one step below full vol-
ume. This test provides a rough indication of
the amplifier gain, power output, and the general
performance of the entire unit, except for the
signaling circuits. '

Station Selector Circuit Test

On the test fixture-(fig. 8-22), operate the
talk test switch, S213, to the TALK position
with the microphone ‘reasonably close to the
reproducer to produce a microphonic howl.
Reduce the volume control the the minimum
position at which the howl can still be obtained
by moving the microphone as close to the re-
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producer as required. This position will pro-
duce the minimum objectionable howl during the
subsequent station selector circuit tests.

On the test fixture, operate the test switch,
S210, to the TEST position which should stop
the microphonic howl. Then restore S210 to the
STANDBY position. This test checks the circuit
from terminals 1 and 1C, through the busy relay,
K2, (not operated) to the line winding terminals
14 and 15 of the output transformer, T2 (fig.
8-18.) When test switch, S201, is in the TEST

position, it places a short circuit across termi-
nals 1 and 1C to interrupt the microphonic howl.

On the unit under test, depress the station
selector pushbutton, S2 (adjacent to release
pushbutton S1). On the test fixture operate the
test switch, S202, to the TEST position which
should interrupt the microphonic howl. Then
restore S202 to the STANDBY position and
depress the release pushbutton, S1, on the umit
under test. This test checks the continuity
between terminals 2 and 2C (fig. 8-18), through
switch S2U and busy relay K2 to the line winding
terminals 14 and 15 of transformer T2.

Similarly, on the unit under test, depress
the remaining station selector pushbuttons S3
through S11, using the corresponding test
switches, S203 through S211, on the test fixture
for each test. This test checks the continuity
of the various audio circuits. If the unit under
test i8 provided with facilities for originating
calls to 20 stations, repeat the foregoing tests,
using the second row of station selector push-
buttons, S12 through S21.

Signal Circuit Test

On the test fixture (fig. 8-22), operate the
talk test switch, S213, to the OFF position and
the 11 test switches, S201 through S211, to the
STANDBY position. On the unit under test,
depress the release pushbutton, S1, for the
subsequent signal circuit tests.

On the test fixture, operate test switch,
S202, to the TEST position and on the unit under

test, depress the station selector pushbutton,
S2. The busy lamp, I1, should light. On the
unit under test, depress the release pushbutton,
S1, and again depress the station selector
switch, S2. The busy lamp, I1, should go out
and again light. Repeat this test several times
in rapid succession. On the test fixture, re-
store test switch, S201, to the standby position
and on the unit under test, depress the release
pushbutton, S1.
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When the test switch, S202, on the test fix-
ture is operated to the TEST position, it makes
station 2 busy by connecting terminal 2X to
terminal XX (fig. 8-18). When the station
selector pushbutton, S2, on the unit undertestis
depressed to select station 2, it checks the
busy circuit through the lower switchassembly,
S2L, busy relay, K2, latchbar switch, S23, and
associated wiring. It also checks the operation
of the upper switch assembly, S2U, and asso-
ciated wiring.

On the test fixture, operate the test switch,
5203, to the TEST position and on the unit under
test, depress the station selector pushbutton,
S3. The busy lamp I1 should light. Restore
the test switch, S203, to the STANDBY position
and depress the release pushbutton, S1. This
test checks the operation of the busy relay, K2,
the lower switch assembly, S3L, the latchbar
switch, S23, and associated wiring. It also
checks the operation of the upper switch sec-
tion, S3U, and associated wiring.

Test the remaining pushbuttons by operating
first the test switches, S204 through S211, to
the TEST position on the test fixture and then
depressing the corresponding station selector
pushbuttons S4 through S11, on the unit under
test. If the unit under test is a 20-station type
repeat the foregoing tests, using the second row
of station selector pushbuttons, S12 throughS21.

The manufacturer’s technical manual fur-
nished with the equipment installed in your ship
contains more detailed information concerning
the operation, repair, and maintenance of inter-
communicating units.

SOUND-POWERED TELE PHONE
AMPLIFIER SYSTEM

The sound-powered telephone amplifier pro-
vides a method of amplifying one-way commu-
nication (incoming speech) in a two-way sound-
powered telephone communication system. The
equipment is designed to amplify voice signals
so that the reproduced message will be clear
and understandable at locations aboard ship

where the noise level is high (gun positions or
machinery spaces). When the amplifier is turned
off, the system functions normally for two-way
communication at the sound-powered level.

A sound-powered telephone amplifier circuit
consists of an amplifier, one to six sound-
powered telephone headsets, and one or two
loudspeakers. A sound-powered telephone am-
plifier system consists of one or more sound-
powered telephone amplifier circuits connected
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to the ship’s soundpowered telephone lines and
to the ship’s 115-volt 60-cycle power supply
(fig. 8-23). For simplicity, only one headset
and one loudspeaker are shown in each amplifier
circuit. Each amplifier supplies voice signals
to the local headsets and loudspeakers at the
associated machinery spaces.

SHIPS
s voLr
60 CYCLE POWER

- —
ENGINE

Q CONTROL

BRIDGE

TELEPHONE
AMPLIFIER AT MAIN
ENGINE CONTROL

[ [ﬂ BOILER

Q CONTROL

TELEPHONE
AMPLIFIER
AT BOILER CONTROL

7.31
Figure 8-23.—Block diagram of sound-powered
telephone amplifier system.

TELEPHONE AMPLIFIER

The telephone amplifier (fig. 8-24) consists
of a metal enclosure designed for bulkhead
mounting and a plug-in panel chassis assembly.
The panel chassis assembly contains all the
electrical components of the amplifier and is
provided with a male receptacle. The case is
provided with a female receptacle which is con-
nected through two terminal boards to the ship’s
wiring. The plug-in feature completes all elec-
trical connections between the panel chassis
assembly and cabinet wiring. The front panel
of the chassis assembly contains the on-off
switch S2, the volume control S1, a pilot lamp,
and two blown-fuse indicators.

A schematic diagram of the telephone ampli-
fier is illustrated in figure 8-25. The amplifier
is a three-stage resistance-capacitance coupled

unit, The signal received from the sound-
powered telephone line (terminals 1-2) is applied
to the primary of the input transformer T1 via
contacts 3 and 6 of S2 wafer 1. The secondary
of T1 is connected via the volume control S1 to
the grid of section V1A operating as a voltage
amplifier., Section V1B is a phase inverter.
The filter choke L1 in the cathode circuit of the
voltage amplifier stage V1A compensates for
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Figure 8-26.—Modified schematic diagram of

sound-powered amplifier circuit for incoming
calls with S2 off,

OUTPUT
LOCAL PHONE

cathode currents of V4 and V5. Capacitor Cl11
prevents d-c from flowing in the primary of T2.
Relay K2 grounds the amplifier input at the
secondary of the input transformer T1 and de-
energizes relay K1 which operates to connect
the telephone line to the 3-4 winding of T2 and to
bypass the amplifier. Thus, the local telephones
are connected to the primary of T2 through con-
tacts 7-9 and 10-12 of switch S2 and speech into
the transmitter (talk switch operated) goes out
over the telephone line at the sound-powered
telephone level. The local headsets at their
respective stations also hear the speech at the
sound-powered telephone level. Figure 8-29
shows the talk circuit for calls originated ata
local headset when S2 is in the OFF position.

Release the talk switch immediately after
the conclusion of the message. Except in
emergencies, do not operate the talk switch when
speech is being received over the loudspeaker
because it cuts off the amplifier and the loud-
speaker. The voice is heard on the local head-
sets but only at the sound-powered telephone
level.

When the on-off power switch S2 is in the
ON position and a-c power is not applied to the
amplifier because of power failure or a blown

7.35

Figure 8-27.—Modified schematic diagram of sound-powered amplifier circuit
for incoming calls with S2 on.
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Figure 8-28.—Modified schematic diagram of

sound-powered amplifier circuit for outgoing
calls with S2 on.

fuse, relay K1 is not energized, the telephone
line remains connected to the 3-4 winding of
T2, and the local telephone is connected to the
1-2 winding of T2. Thus, the amplifier is by-
passed and the system functions as a normal
(unamplified) sound-powered telephone circuit.

The amount of light from the pilot lamp can
be dimmed or cut off completeby by rotating the
lamp cap in the lockwise direction.

MAINTENANCE

Operational tests usually indicate the general
location of trouble in the sound-powered tele-
phone amplifier. Before attempting amplifier
troubleshooting procedures deenergize the
equipment.

Operate the talk switch at the local telephone
and talk to the other local telephones. Carry on
a two-way conversation at the sound-powered
telephone level. If the connection is not satis-
factory, check the telephone wiring and the
telephones.

Operate the talk switch at the local telephone
and talk to the remote telephone. Carry on a
two way conversation at the sound-powered level.
If the connection is not satisfactory, check the
remote telephone, the wiring, and the amplifier
switch S2.

Turn the amplifier switch S2 to the ON posi-
tion. The pilot lamp lights to indicate when
power is applied to the amplifier. If the lamp
does not light, check the blown-fuse indicators,
check the pilot lamp by replacing it with a new
one, and check the a-c power to the amplifier.

Operate the talk switch at the local telephone
and speak into the microphone. The voice should
be heard at the other local telephones and at the
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remote telephone at the sound-powered level,
but not over the local loudspeaker. If voice is
not heard, check the talk switch, relay K2 and
relay K1 (fig. 8-25).

Operate the talk switch at the remote tele-
phone and speak into the microphone. The voice
should be heard over the local loudspeaker and
over the local headsets at the amplifier level.
If the voice is not heard from the local headsets,
check the talk switch amplifier, relay K1, and
relay K2. If the voice is not heard from the
loudspeaker, check the loudspeaker.

Troubleshooting on an inactive amplifier is
accomplished by taking resistance measure-
ments, voltage measurements, or signal tracing.
If the amplifier is blowing fuses, the voltage and
signal tracing methods cannot be used and the
amplifier must be checked by making resistance
measurements.

Before conducting any tests remove the am-
plifier from the enclosure and disconnect it
from all external circuits. Insert a plug in the
receptacle in the enclosure while the amplifier
chassis is not connected to, or inserted in, the
enclosure case to maintain communication be-
tween the local and remote telephone stations
at the sound-powered level. The plug is the
same as P1 (fig. 8-25) with terminals N, P, R,
S, T, U, and X connected and terminals W and V
connected.

)V

6

INPUT
LOCAL PHONE
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Figure 8-29.—Modified schematic diagram of

sound-powered amplifier circuit for outgoing
calls with S2 off.
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Signal Tracing

Signal tracing helps to localize troubles to a
particular stage of the amplifier. Anexternally
generated signal from an audio oscillator is
applied to the input of the amplifier and the sig-
nal voltage is measured at the grid and plate of
each tube.

An audio oscillator capable of delivering a
1,000 cps signal at 12 millivolts and an a-c
voltmeter section of a VI'VM capable of reading
12 millivolts to 155 volts are required. Connect
the 115-volt 60-cycle power to terminals C and
D of the input connector J1 (fig. 8-25), with the
amplifier removed from the enclosure. Apply
the 1,000 cps signal at 12 millivolts to terminals
X and W of the input connector. Operate the
on-off power switch S2 to the ON position and
turn the volume control Si, clockwise to posi-
tion 6. Allow about one minute for the tubes to
reach operating temperature. Using the a-c
voltmeter with the low side of the meter
connected to the amplifier chassis, compare the
readings obtained at the grid and plate of each
tube with those listed in the technical manual.
Normal operation is indicated if the readings
agree within 10 percent. Start with tube V1A
and check each stage in order. If the measured
voltage is low, use further isolating techniques
to determine the defective part within the

stage.

Component Tests

Check the tubes that are suspected of being
weak or otherwise defective with a tube tester.
A tube that is defective because of internally
shorted electrodes may affect the operation to
the extent that voltage and resistance readings
will be abnormal. The absence of filamentglow
in a tube indicates an open filament.

RESISTORS that are defective can be de-
tected in several ways. A resistor that has
been overloaded with often become discolored
and give off noticeable odors. Ohmmeter read-
ings across a resistor (with the power off) will
indicate a resistor that is open or if its value
has changed. When checking the values of
resistors with an ohmmeter, determine if other
components directly associated in the circuit
will affect the readings. In some cases
it may be desirable to disconnect one end
of the resistor when making resistance
checks.
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With the power on, voltage readings can be
compared with those listed in the technical man-
ual. Overloaded resistors are often caused

by defective capacitors. Check the capacitors
in the circuit before restoring power to the
amplifier.

CAPACITORS that are short-circuited are
indicated by a zero ohmmeter reading. An
ohmmeter reading of infinity will be obtained
on a paper capacitor if the capacitor is good,
or if it has a broken internal lead. A lower
value will be obtained on an electrolytic capac-
itor which leaks. Temporarily replace a paper
capacitor that gives an ohmmeter reading of
infinity and that is suspected of being defective
with one that is known to be good and note the
effects on the voltage checks and operation.
If the trouble is corrected after the replace-
ment, the capacitor is defective and should be
permanently replaced.

When testing the electrolytic capacitor C9
(removed from its socket) set the ohmmetertoa
medium range and connect it to the capacitor
with the correct polarity (common to negative
and positive to positive). A deflection willoccur
on the meter and the pointer will return slowly
toward the infinite-ohms position as the capac-
itor takes a charge. Usually, some reading is
obtained even when the electrolytic capacitor is
fully charged. If C9 is good, the final ohmmeter
reading will be over 500,000 ohms for each
section (C9A and C9B).

PUBLIC ADDRESS SETS

Public address sets are used at Fleet Land-
ings and in amphibious operations to direct the
movement of personnel, vehicles, and small
boats; to communicate between ships and small
boats; and to address personnel aboard ship
where high noise levels are present or where
the installed announcing is inoperative. They
are also used for entertainment, and such func-
tions as church services, wardroom and ready
room briefings, change-of-command and other
ceremonies, and personnel training, The two
types of public address sets are the electronic
megaphone type, and the lectern type.

PUBLIC ADDRESS SET AN/ PIC-2

The AN/PIC-2 is an electronic megaphone
type public address set designed to perform
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under extremes of temperature and high humid-
ity. The driver unit, microphone, amplifier
enclosure, and battery enclosure are water-
tight. The set consists of a loudspeaker horn,
a microphone, a transistor amplifier assembly,
a driver unit, 8 size ‘‘D’’ batteries, and a
pistol-grip handle with a press-to-talk switch,
battery selector switch, and external battery
connector. All components are housed in one
assembly, (fig. 8-30). A 15-foot external power
cable is provided for connecting the set to an
external 12 volt battery when desired.

r
LOUDSPEAKER HORN
\\
3

—— -

BATTERIES

To operate the set, put the battery selector
switch to the INT. position (or to the EXT.
position if operation is to be from external
battery). Grasp the pistol-grip handle with one
hand and raise the unit so that the rubber
microphone is almost touching the mouth, and
direct the horn in the direction it is desired to
communicate. Press the press-to-talk switch
and speak directly into the microphone in a
strong voice. Release the press-to-talk switch
when the message is completed. The set
is specially designed to eliminate acoustic

ORIVER UNIT
\ AMPLIFIER

MICROPHONE —

ASSEMBLY

PRESS TO TALK TRIGGER

EXTERNAL BATTERY CONNECTOR

Figure 8-30.— Public address set AN/ PIC-2.
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feedback to the extent possible. Acoustic feed-
back may occur however, if the horn is
directed toward a reflecting surface such
as a deck or bulkhead. When using the set be-
low decks, back the volume control knob off
until feedback stops, then advance it gradually
to a point where maximum volume without feed-
back is obtained.

Amplifier Circuits

The transistor amplifier is a three stage
transformer coupled type, (fig. 8-31). It con-
sists of a volume control, R1, input transistor,
Ql, interstage transformer, TI1, driver
transistor, Q2, driver transformer, T2,
push-pull power transistors Q3 and Q4, and an
output inductor L1.

Transistors Q1 and Q2 are biased for class
A operation, and Q3 and Q4 operate inclass AB.
The output stage bias network includes thermis-
tor assembly RTI1, to temperature stabilize
transistors Q3 and Q4 at high operating tem-
peratures. For further stabilization, each stage
includes an emitter resistor. The driver and
output stages each have reverse feedback from
collectors to bases, the feedback resistor in
each case being also part of the d-c
bias network. In addition, reverse feed-
back over two stages is provided through
C3 and R8, from the collector of Q3
to the base of Q2.

The base circuits of the output stage normal-
ly have a small negative d-c bias applied through
the bias network resistors, adjusted so that the
no-signal collector current of this stage is
small. Temperature rise in the transistors
tends to increase this current. To prevent this
current increase, the thermistor resistance de-
creases with increasing temperature, thus re-
ducing the negative bias and keeping the no-signal
collector current small.

D-C Power Circuits

The 12 volt d-c supply is selected from
either the internal or external batteries by the
battery selector switch S2. The press-to-talk
switch S1 supplies d-c power to the amplifier
only while the switch is held closed.
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The current drain is very small when Sl is
closed and no signal is applied to the micro-
phone. The current is maximum when the
loudest signal is being amplified, as the collector
current of the output stage varies with the
strength of the amplified signal.

Microphone and Loudspeaker
Assemblies

The MK1 magnetic microphone has an im-
pedance of approximately 150 ohms. The micro-
phone output is applied to transistor Q1 through !
the volume control R1, and capacitor C1l. A
selected portion of the sound radiated to the
rear by the loudspeaker horn acts on the
back of the microphone diaphragm. This -
sound is phased so as to reduce acoustic
feedback.

Loudspeaker LS1 is a moving coil permanent
magnet type. Amplifier output signals actuate
the voice coil and diaphragm, and the resulting
sound waves are amplified and directed by the
loudspeaker horn.

Maintenance

Preventive maintenance consists of replacing
batteries, and routine cleaning and inspections.
When the batteries are replaced, inspect the
battery contact springs and clean if necessary.
If the springs are badly corroded they should be
replaced. Keep the external power cable free
of dirt and corrosion. Clean the spring clips
with sandpaper and apply a thin coat of petro-
latum to reduce corrosion. Inspector the con-
nector and clean if necessary.

Periodically check the microphone housing.
Keep the opening to the microphone free of dust,
dirt, oil, grease, salt crystals or other foreign
matter. Salt crystals left by the evaporation of
salt water and spray should be dissolved and
rinsed away with fresh water, then the parts
dried with a soft cloth.

Check the inside of the pistol-grip handle
occasionally. Remove the handle cover and
inspect the switch contacts. Clean if neces-
sary.

The manufacturer’s technical manual con-
tains detailed instructions for troubleshooting
and repair of the set. All components are
designed for easy replacement.
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CHAPTER 9

DIAL TELEPHONE SYSTEM

The dial telephone system, circuit J, is
primarily an administrative circuit that provides
complete selective telephone communication
throughout the ship. This system is also used
to supplement other communication facilities
for ship control, fire control, and damage con-
trol. The capacity of the system varies with
the size and needs of the particular ship.

A telephone system consists of a group of
telephones with lines so arranged at a central
point that any two telephones in the system can
be interconnected. In an automatic telephone
system, the connections between the telephones
are completed by remotely controlled switching
mechanisms. In a manual telephone system, the
connections between the telephones are com-
pleted by a switchboard operator.

The switching mechanisms in an automatic
system are controlled at the calling telephone
by a device, or dial on the telephone instrument,
The dial has 10 digits, any one of which can be
dialed. When the dial is operated it causes a
series of interruptions, or impulses, in a current
flowing in the line circuit. The number of
impulses sent out by the dial corresponds to the
digit dialed. These impulses cause the automatic
switches to operate and to select the called
telephone.

The dial telephone system (fig. 9-1) consists
of: (1) telephone station equipment, (2) auto-
matic switchboard equipment, (3) power equip-
ment, and (4) accessory equipment.

TELEPHONE STATION EQUIPMENT

The telephone station equipment consists of
various types of telephones for mounting in both
protected and exposed locations. Telephones
installed in locations where the noise level is so
high that the telephone ringer may not be heard
are provided with extension signals. An exten-
sion signal i8 a motor-operated horn that is
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controlled by a power signal relay. The power
signal relay operates on ringing current to close
a 115-volt ship’s power circuit to the extension
signal.

AUTOMATIC SWITCHBOARD
EQUIPMENT

The automatic switchboard is the switching
center of the dial telephone system. It includes
the switching mechanisms necessary for setting
up automatically the connection between any two
telephones and certain miscellaneous equipment
used in common by all switches.

The miscellaneous equipment includes the
ringing machines, or signals, testing equipment,
and control circuits for the switching mechan-
isms, start and stop circuits for the ringing
machines, line disconnect keys, fuses, and so
forth.

The switchboard proper mounts all telephone
switching mechanisms, control circuits, line
disconnect keys, part of the testing equipment,
and most of the supervisory alarm signals.
The ringing machines and the common alarm
signals are usually mounted externally. The
switching mechanisms and miscellaneous equip-
ment automatically locate a telephone station
desiring to make a call, supply dial tone, extend
the calling station to the called station in re-
sponse to impulses from the dial, ring the called
station, supply ringback tone or busy-tone as
required, and disconnect the calling and called
stations at the completion of the conversation.

POWER EQUIPMENT

The power equipment includes the power
control panel, motor-generator set or rectifier,
and storage battery. The motor-generator set,
or rectifier, and the storage battery are con-
nected in parallel and supply approximately
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Figure 9-1.—Block diagram of
dial telephone system.

51.6-volt d-c power to operate the automatic
switchboard equipment, including the ringing
machines. The power to operate the motor-
generator set, or rectifier is obtained from the
ship’s 440-volt 60-cycle 3-phase power via the
nearest IC switchboard. A reserve supply of
energy is maintained in the storage battery so
that the telephone system will continue in oper-
ation should the ship’s power supply fail.

ACCESSORY EQUIPMENT

The accessory equipment (furnished in some
ships) includes an attendant’s cabinet which is
a small manual switchboard. The attendant’s
cabinet is used to establish calls to and from
shore exchanges when the ship is in port, and
between ships when they are nested.

PRINCIPLES OF DIAL TELEPHONE
SYSTEM

Numerous methods of switching have been
devised, however, the most extensively used
switching equipment for shipboard installations
is the Strowger automatic type. It is the type
that is described here.

SWITCHING MECHANISMS

The switch mechanisms and the associated
circuits are the mechanical operators that
perform all of the functions required of a tele-
phone switchboard. The major types of switches
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used in the shipboard dial telephone system are
the linefinder, selector, and connector; all of
which are Strowger switches.

The Strowger switch is an electromechanical
device that extends the connection from the call-
ing to the called telephone. It consists of a
bank of electrical contacts arranged in 101levels
with 10 sets of contacts to a level. The wipers,
which make contact with the selected set of
contacts are connected to the switch shaft.
The switch mechanism elevates the shaft (and
wipers) any number of steps from 1 to 10, and
then rotates the shaft (and wipers) any number of
steps from 1 to 10. When the shaft is released,
it rotates backwards under the influence of a
spring and then returns to normal under the pull
of gravity. The Strowger switch, because of the
up and around movement, is referred to as a
two-motion or step-by-step switch. It is the
basic switch of the step-by-step system, and
with a few mechanical and electrical variations,
is used as a linefinder, selector, and connector.

The LINEFINDER finds the line of the tele-
phone station seeking to make a call and extends
the line to the selector for all systems in excess
of 100 lines. The line-finder mechanism is con-
trolled by the finder control relays. The impulses
to step the mechanism up and around are fur-
nished by interrupter springs onthe vertical and
rotary magnets. The finder switchis referredto
as a NONNUMERICAL type of Strowger switch,
because its operation is automatic and not under
the control of dial impulses. The linefinder
switch is not entire within itself like the con-
nector, but depends on its associated line-and-
cutoff relays, group control relays, and dis-
tributor relays.

The LINE-AND-CUTOFF RELAY is a relay
individual to the line with which it is associated
(in contrast to the switch circuits which serve
many lines and the control circuits which serve
many switches). For example, when a call is
initiated by a telephone, the line-and-cutoff relay
functions to: (1) apply ground (positive side
of the battery) to start the linefinder coatrol
relays to actuate a linefinder switch to hunt for
the calling line; (2) mark a contact in the bank
of a linefinder by placing battery (negative
voltage) on the contact so that when the line-
finder wiper encounters battery the linefinder
will know it has located the line it is trying
to find.

The SELECTOR extends the line of the
calling telephone to the connector. The vertical




Chapter 9—-DIAL TELE PHONE SYSTEM

3tepping of the selector is controlled by the
Jirst digit dialed at the calling telephone, and
he rotary stepping is controlled by interrupter
3prings on the rotary magnet.

. The CONNECTOR extends the line of the
:alling telephone to the line of the called tele-
shone. The impulses transmitted from the dial
)f the calling telephone actuate the connector
mechanism to step the wipers up and around to
he set of contacts associated with the called
:elephone station. A connector switchis referred
‘0 as a NUMERICAL type of Strowger switch
secause it operates under the control of dial

lmpulses.
3TATION NUMBERING

Each telephone in the 100-line system is as-
signed a 3-digit number. The first digit dialed
causes a minor switch to rotate in steps. The
aumber of rotary steps of the minor switch de-
termines the side of the line on which ringing
current will be impressed. The arrangement
of the switching facilities is such that the first
digit of the telephone number for the first
party or a positive ring of a 2-party line may
be any number expect 9. The firstnumber of the
negative ring party of this line will be 9.
~ The second and third digits of the telephone
number always correspond to the line number.
If the last two digits of the telephone number
are 12, for example, the set of contacts in the
connector bank associated with the telephone
station is the second pair on the first level in
the control and line banks. Thus, when the
second and third digits of the telephone are
dialed, the connector switch is actuated to step
the wipers up and around to the set of contacts
associated with the called telephone station.

The line bank as its name implies, furnishes
facilities for the line-circuit connections. One
line bank furnishes facilities for 100 line con-
nections (+and -) and is called a 100-point bank.
The 100-point line bank contains 100 sets of
contacts. The control bank, as itsname implies,
furnishes facilities for control circuit connec-
tions (C and EC). The control bank contains
200 contacts.

The arrangement of the 100 sets of contacts
that comprise the standard Strowger bank is
{llustrated in figure 9-2. The contacts are
arranged in 10 horizontal levels with 10 sets of
contacts to a level. Each set of contacts is
designated by a 2-digitnumber which represents
the number of vertical and rotary steps neces-
sary to reach the particular set of contacts. In
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7.1
Figure 9-2,—~Numbering plan of
connector bank,

other words, the first digit represents the
number of vertical steps and the second digit
represents the number of rotary steps. Number
32, for example, i8 3 steps up and 2 steps in.
Note that the second digit of the called number
represents the level, and the third digit repre-
sents a particular set of contacts on that level.

Numbers beginning with 1 are in the first
level, numbers beginning with 2 are in the sec-
ond level, and so on. This arrangement causes
the digit 0 to be used to represent 10 steps so
that the tenth or top level is indicated by zero
and the tenth pair of contacts in each level is
indicated by zero. Groups of 10 lines are
referred to as lines 11-10, 21-20, 31-30, and so
forth, Likewise, lines 11-50 mean a group of
50 lines. The first 10 lines consist of 11-10,
and the last 10 lines consist of 51-50.

BASIC 100- LINE CONNECTOR SYSTEM

In actual practice, the switching equipment
must be arranged so that any telephone in the
system can connect with any other telephone in
the system. This is accomplished by arranging
the switches in interconnected groups. To con-
nect Strowger switches in groups, the banks of
the switches are interconnected by connecting
the respective sets of contacts in each of the
banks. Switches connected in this manner are



IC ELECTRICIAN 3 & 2

said to be multipled and the connection is usually
referred to as the bank-multiple, as illustrated
in figure 9-3. For simplicity, only three of
the switches in this multiple are shown with an
individual connector switch for each of the three
telephone lines, which means that the line of
each telephone is connected directly and per-
manently to the wipers of the connector switch
assigned to that telephone. The three blocks of
dots represent the banks of the three connector
switches, and each dot represents a pair of
contacts.

Note that each 12 set of contacts is connected
to the 12 set of contacts in each of the other
banks, the 37 set of contacts is connected to the
37 set of contacts in each of the other banks, and
so forth. Each of the three telephones is con-
nected not only to the wipers of its own connector,
but also to a set of contacts in the bank of each
of the other connectors. Telephone 12, for
example, is connected to the wipers of con-
nector 12, and telephone 12 also has an appear-
ance in the bank of each connector, thatis—it is
multipled to the 12 set of contacts in each of the
connector banks. Likewise, telephone 37 is
connected to the wipers of connector 37 and is
also multiplied to the 37 set of contacts in each
of the connector banks. This multiple arrange-
ment of the connector banks permits any tele-
phone to call any other telephone in the system.
For example, if telephone 12 calls telephone 37,
telephone 12 dials the digits 3 and 7. When 3
is dialed, the wipers of connector 12 are elevated
to the third level and when 7 is dialed, the wipers
are rotated across to the seventh setof contacts
on the third level. The connection is from this
line of telephone 12 through the 37 set of contacts
to the line of telephone 37,

LINEFINDING PRINCIPLE

The 100-line connector system in figure 9-3
requires an individual connector switchfor each
line in the system. Because the connector is a
relatively expensive switch, this system is not
economical since the average telephone is used
only a short time each day and the associated
connector would remain idle the remainder of
the time.

The linefinding principle permits a large
group of lines to be served bya smaller number
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Figure 9-3.—Basic 100-line connector system.

.

of switches which are common to alllines in the :

group. A linefinder switch and a connector
switch permanently connected to each other
constitute a line finder-connector link. The line-
finding principle is illustrated by the single
finder-connector link, and the 100-point finder
bank with the associated 100-point connector
bank in figure 9-4. Note that the finder wipers
and connector wipers are through relays con-
nected to each other. The banks of the linefinder
switch furnish facilities for line connections for
100 telephone stations, and therefore all lines
are accessible to the linefinder wipers. Because
the linefinder wipers are connected through re-
lays to the wipers of the associated connector,
when the linefinder finds the calling line, the call-
ing line is thereby extended to the wipers of a
connector. Thus, a connector may become as-
sociated with any line in the system.

|
I
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If telephone 32 desires to call telephone 59,
elephone 32 removes its handset from the
'radle switch. This action closes a circuit to
he line-and-cut off relay (not shown) associated
vith telephone 32. The relay marks the calling
ine in the linefinder control bank and starts
he group relays (not shown) which actuate the
inefinder to search for the calling line. The
inefinder steps its wipers up to the third level
nd in to the second set of contacts, and thus
elephone 32 is extended through relays to the
vipers of the connector. When this connection is
nade, the connector will send dial tone to the
:alling telephone 32 and as digits 5 and 9 are
lialed, the connector wipers will step up 5 steps
ind around 9 steps to complete the connection be-
ween telephone 32 and 59.

3ASIC 100-LINEFINDER CONNECTOR
SYSTEM

Each of the lines in the system, described
vith reference to figure 9-4, has an appearance
n the banks of both the linefinder and the con-
lector and thus connection is possible between
ny two telephones in the system. However, a
elephone system with only one finder-connector
ink would be impractical because one finder
nd one connector are required to complete a
onnection between the calling and called tele-
hones and therefore telephone service would
e limited to one call at a time.

To make several simultaneous conversa-
ions, 15 finder-connector links are furnished
or a 100-line system (fig. 9-5). For simplicity
nly 3 of the 15 finder-connector links and 3 of
he 100 lines in the system are shown. Note
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Figure 9-4.— Principle of linefinding.
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Figure 9-5.—Basic 100-line finder-connector
system.

that the banks of the finders are multipled and
that the banks of the connectors are also multi-
pled. The lines 12, 37, and 59 are typical of
the other lines in the system. For example,
the line of telephone 12 has apoint of connection
in the bank of each linefinder and each connector.
In other words, this line is described as having
an appearance in the banks of the finders and the
connectors. The conductors from the connector
line bank to the line of telephone 12 at the finder
line bank are called LINE NORMALS.

Each pair of linefinder line wipers (fig. 9-5)
is connected to a pair of connector line wipers.
The wipers of the linefinder ‘‘look backward’’
ready to find any line desiring to make a call
and the wipers of the connector ‘‘look forward’’
ready to connect to the dialed line. Each finder
and connector that are tied together constitute
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a finder-connector link. Only as many simul-
taneous conversations can take place as there
are finder-connector links because one finder-
connector link is busied for the duration of the
conversation.

All of the 100 lines in the system have an
appearance in the linefinder multiple and also
in the connector multiple. Therefore, any idle
finder can step its wipers up and around to locate
any one of the 100 lines that originates a call
and the associated connector can step its wipers
up and around, under control of dial impulses
from the calling telephone, to complete a con-
nection to any one of the 100 telephones in the
system,

To call telephone 59 from telephone 37, re-
move the handset from the cradle switch at
telephone 37. An idle finder such as finder 1,
steps up 3 levels and rotates to contacts 37.
The connection is now extended through to the
connector associated with the finder (in this
case connector 1), and dial tone is received at
the calling telephone 37. When the digits 5 and
9 are dialed, the wipers of the connector switch
step up to the fifth level and rotate in to con-
tacts 59. The connection is now completed from
telephone 37, through finder-connector link 1,
and back over the line normals of line 59 to
telephone 59. The connector switch now tests
telephone 59, and if it is not in use, ringing
current is sent out over the line to operate the
ringer of telephone 59. If telephone 59 is found
to be in use, a busy signal is returned to the
calling telephone 37. In figure 9-6 the finder
and connector banks are each represented by
10 horizontal lines and the switch mechanisms
are represented by the rectanglesabove the
banks. The group of finders in the multiple is
controlled by a group of control relays and a
distributor (which is also a relay group). One
line-and-cut-off relay is associated with each
line, whereas one finder control and distributor
equipment is common to 50 lines.

The distributor preselects the finder which
is to search for the next calling line. When the
line-and-cut-off relay associated with the calling
line marks the calling line in the linefinder bank
multiple and starts the control relays which
control the finder, the finder automatically steps
its wipers up and around until it finds the calling
line. With the linefinder wipers resting on the
set of contacts associated with the calling line,
the calling line is extended through relays, to the
connector wipers.

To call telephone 59 from telephone 32, |:
remove the handset from the cradle switch a: |:
telephone 32. Line-and-cut-off relay 32 oper- |-
ates and marks the position of line 32 in the
finder banks and also sends a START SIGNAL
to the finder control. The start signal causes |:
the finder control to start a preselected idle |
finder searching for the calling line. When the |-
finder finds the calling line, the line-and- cut-off |
relay 32, which is a two-step relay, now operates |-
the remainder of its contact springs to cut off |
its own winding from the line. The finder cuts
through (extends the connection through to the |.
connector switch) and the control relays release |
to normal in preparation for actuating the next |
finder.

At this point line 32 is made busy at the
connector banks to guard against intrusion from
any incoming call. Also, the connector switch
sends dial tone to the calling party to indi-
cate that the connector circuit is ready to
receive the dialed impulses and the call pro-
ceeds as previously explained.

Only one linefinder is shown in figure 9-6.
In practice the 15 linefinders furnished for the
100-line system are arranged in two groups
designated. A and B with each group equipped
with its own finder control and distributor
equipment. Group A consists of linefinders 1
through 8 and group B consists of linefinders
9 through 15.

BASIC SELECTOR SYSTEM

The system described in figure 9-7 has a
capacity of 400 lines. The mechanical structure
of the selector is similar to a linefinder and
connector. It has the same familiar bank, wipers,
and mechanism to step the wipersupand in. The
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Figure 9-6.—Block diagram of 100-line finder-
connector system,
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ielector faces forward toward the called line as
loes the connector. A linefinder and a selector
ermanently connected through relays to each
ither constitute a linefinder-selector link.

The 400-line shipboard dial telephone system

8 divided into four boards of 100 lines each.
Jach board is served by a group of connectors
he banks of which are in multiple with each
onnector having access to all the lines in its
vard. The purpose of the selector is to choose
he proper group of connectors and then hunt
or an idle connector in that group. The group
selection, or the vertical stepping of the selec-
or, is controlled by the dial at the calling
elephone. The rotary motion, or the trunk-
wnting action, is controlled by the rotary
nterrupter springs of the selector.
- The banks of the selector switch furnish
facilities for a maximum of 100 trunk connec-
tions., In the 400-line system, only 90 connec-
tions are used on any one selector bank. In
osther words, only 9 of the 10 levels are used
because the first level of all selectors are
busied out. Because the linefinder wipers are
connected through relays to the wipers of the
associated selector, when the linefinder finds
the calling line, the calling line is thereby
extended to the wipers of a selector. Thus, a
selector may become associated with any line
in a particular board.

For simplicity, only one link and only
one connector in each of the four boards are
shown in figure 9-7. After the finder switches
the calling line through to the selector, the
first digit dialed by the calling party steps
the selector up to a certain level. The selector
then steps around automatically until it finds a
nonbusy contact. This contact leads to an idle
connector from which the connection to the
called line is made by the next two dialed
digits,

The banks of the finders are multipled, and
all the lines in the 200 board, for example, have
an appearance in the banks of the finders in the
200 board. The selector banks are also mul-
tipled, but instead of telephone lines being
connected to the multiple, a certain number of
individual connectors in each board are con-
nected in multiple. The connectors, in turn,
have their banks multipled, and the conductors
from the connector banks are connected to
individual telephone lines, called line normals.

Each pair of linefinder line wipers is con-
nected to a pair of selector line wipers. The
vipers of the linefinder ‘‘look backward’’ ready
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to find any line in a particular board desiring
to make a call and the wipers of the selector
‘‘look forward’’ ready to connect to the dialed
group of connectors. The wipers of the con-
nectors also ‘‘look forward’’ ready to connect
to the dialed line. Because the linefinder link
is busied for the duration of the conversation,
only as many simultaneous conversations can
take place as there are finder-selector links.

All the lines in the 200 board, for example,
have an appearance in the linefinder multiple
80 that any idle finder in the 200 board can step
its wipers up and around to locate any one of
100 lines which desires to make a call. Likewise
the finder’s associated selector can step its
wipers up and around to complete a connection
to any one of 40 connectors. One of the con-
nectors will then step its wipers up andaround
(under control of dial impulses from the calling
telephone) to complete a connection to any one
of the 100 lines in its board. In each board
there are 15 linefinders permanently connected
to 15 selectors. In each board there are also
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Figure 9-7.—Block diagram of basic selector

system.
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15 connectors and these connectors are available
to selectors in any board. In the complete
system there are 60 linefinders, 60 selectors,
and 60 connectors, which makes possible a
maximum of 60 simultaneous conversations.

To call telephone 659 from telephone 432,
remove the handset from the cradle switch at
telephone 432. The line-and-cut-off relay 432
associated with the calling line marks the calling
line in the linefinder bank multiple and starts
the group relays which control the finder, the
finder automatically steps its wipers up and
around until it finds the calling line. With the
linefinder wipers resting on the set of contacts
associated with the calling line, the calling line
432 is extended through relays to the selec-
tor wipers. The selector sends dial tone to
the calling parts to indicate that the selec-
tor circuit is ready to receive the dialed
impulses.

The calling party at telephone 432 dials
number 659. When the digit 6 is dialed, the
selector switch wipers will step up to the
sixth level, then step around to hunt for an idle
connector trunk in the 600 board. When a non-
busy trunk is found, the wipers will come to
rest and extend the line of telephone 432 to the
connector. Trunk-hunting action takes place
after the digit 6 is dialed. This action is so
rapid that the calling line is switched through
to the connector before the next digit 5 is
dialed.

After the selector has switched the line of
telephone 432 through to a connector, the con-
nector i8 ready to receive the dialed impulses
of the last two digits. When the digits 5 and 9
are dialed, the connector switch wipers will
step up and around and come to rest on the 59
set of contacts. The connection is now completed
from telephone 432, through the finder-selector
link, the connector, and over the line normals
to telephone 659. The connector switchnow tests
line 59, and if the telephone isnot in use, ringing
current is sent out over the line to operate the
ringer associated with telephone 659. When the
handset at telephone 659 is removed from the
cradle switch, ringing current is cut off and the
talking circuit is completed between telephones
432 and 659. If, however, telephone 659 is in
use, busy tone is sent back to telephone 432 to
indicate that the called line is in use and that

the calling party should hang up and try again
later.
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TELEPHONE STATION EQUIPMENT

The telephone instrument is a compact unit
designed for transmitting and receiving speech,
and for signaling the desired station. It consists
essentially of a transmitter, receiver, dial, and
ringer. The transmitter provides the means for
changing sound into an undulating current that
may be transmitted over an electrical circuit.
The receiver provides the means for changing
the undulating current back into sound. The
dial, when operated, causes a series of inter-
ruptions (impulses) in the current flowing in
the line circuit. The ringer provides an aud-
ible signal when the station is called.

TYPES OF TELEPHONES

The types of telephones furnished with the
dial telephone system are illustrated in figure
9-8. The types differ mainly in the form in

which the components are assembled. The
components perform the same function, but the
form and mounting for each type is of special
design and depends on whether the instrument
is to be used in a protected or an exposed loca-
tion.

The TYPE A desk set telephone (fig. 9-8A)
is installed in staterooms, cabins, offices, and
similar stations. The desk set consists of a
phenolic case (containing the ringer, dial, and
other working parts), a handset, and connecting
cord with a terminal block for making the line
connections.

The TYPE F bulkhead telephone (fig. 9-8B)
is installed in all stations except those on
weather decks and those designated as type A
stations. The type F telephone is a nonwater-
tight unit designed for mounting on a bulkhead
or on the side of a desk. It consists essentially
of a metal housing on which are mounted
the handset, dial, and ringer. The line con-
nections are made at a terminal block inside
the housing.

The TYPE C splashproof telephone (fig. 9-8 C)
is installed at stations on weather decks and
other stations exposed to moisture. The type C
telephone is designed for bulkhead mounting and
consists essentially of a metal housing on which
are mounted the handset and dial which are
enclosed in a splashproof box. The connections
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This undulating current, called the, VOICE CUR-
RENT, is sent out on the telephone line after
being boosted by the action of the induction coil
and talking capacitor (explained later). The
receiver at the other end of the line converts
the voice current back into sound waves.

Receiver

The receiver unit is of the permanent magnet
polarized type. It consists essentially of a
powerful permanent magnet with two soft-iron
coil-wound pole pieces and a diaphragm con-
tained in a protective shell. The diaphragm
is mounted under a slight tension so that it is
pulled toward the pole pieces by the permanent
magnet. The voice currents, flowing through
the coils about the two pole pieces, set up
magnetomotive forces that alternately aid and
oppose the magnetic flux of the permanent
magnet. This action causes the receiver dia-
phragm to be attracted with alternately greater
and lesser force. As the diaphragm moves
back and forth it reproduces the vibrations of
the distant transmitter, and the sound waves thus
produced are heard at the other end of the tele-
phone connection.

BASE

The base includes the dial, hook switch,
ringer, two capacitors, and induction coil. The
telephones (fig. 9-8) include the same combina-
Hon of parts and assemblies, but the bases
on which the parts are mounted differ some-
what, and the mounting arrangement differs
considerably.

Dial

The dial (fig. 9-10) enables the calling party
to control the automatic switching mechanisms
which establish the telephone connection. The
principle functions of the dial are to (1) deliver
impulses to the line, (2) short-circuit the parts
of the telephone that introduce unnecessary
resistance in the dialing circuit, and (3) prevent
the dialed impulses from clicking in the receiver.

The principal parts and assemblies of the
dial are compactly assembled on a mounting
plate (fig. 9-10). These parts and assemblies
are (1) finger plate (with 10 holes), (2) number
plate, (8) governor assembly, (4) impulse cam
and springs, (5) impulse shorting arm, (6) shunt
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cam and springs, and (7) driving mechanism.
The dial parts and assemblies are arranged so
that when the dial is operated, the line is opened
and closed at a rate of approximately 10 inter-
ruptions per second.

The finger plate is fitted to the main shaft,
which rotates when the dial is turned from any
number to the finger stop (fig. 9-10). Thus,
as the main shaft rotates, the tension of the
main spring, which is also mounted on the main
sghaft, is increased to provide the power needed
to return the dial (main gear) to normal when
the finger plate is released. When the dial is
turned from normal, the ratchet pawl (fig.
9-11) slips over the ratchet gear which is
mounted on the main shaft with the main gear.
This prevents the main gear from rotating.
When the dial restores to normal, however,
the ratchet pawl engages the ratchet gear and
the main gear rotates.

A.FRONT VIEW

B. REAR VIEW

7.85
Figure 9-10.—Telephone dial.
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The speed of the dial mechanism as it returns
to normal under the spring tension is controlled
by the GOVERNOR ASSEMBLY. The governor
assembly consists of a worm gear shaft that is
mechanically connected to the main gear of the
dial through a gear train (fig. 9-11). Two flyball
wings are attached to the worm gear shaft. A
governor weight on the end of each flyball wing
protrudes into the governor cup. The rotary
motion of the shaft causes the flyball wings to
attempt to fly outward and due to centrifugal
force, friction is set up between the governor
weights and the governor cup. The speed of the
dial is thus regulated by adjusting the flyball
wings to increase or decrease the amount of
pressure the governor weights exert on the in-
side surface of the cup.

The IMPULSE CAM is geared mechanically
to the main gear throughagear train (not shown)
so that the impulse cam is caused to rotate
during the time the dial mechanism is being
returned to normal. The impulse springs are
normally closed and are opened intermittently
by the impulse cam only when the dial is re-
turning to normal. An impulse is produced each
time the impulse springs are opened. The travel
from any off normal position is one series of
impulses. The number of impulses in the
series depends on how far the dial is turned
away from normal. As the impulse cam rotates
it opens the impulse springs, and thus the line
circuit, the same number of times as the digits
dialed. The momentary opening of the line

RATCHET FINGER RATCHET FINGER STOP

GEAR \ PLATE\ PAWL 7
( . VA J

GOVERNOR CUF

WORM
GOVERNOR
MAIN SPRING
MAIN
IMPULSE CAM PINION SHAFT SHAFT  IMPULSE SPRINGS
mpuLse cam——G 3 1o
~—A& -~|LINE CKT
/
IMPULSE SPRINGS
7.86

Figure 9-11.—Telephone dial schematic (shunt
cam, shunt spring assembly, and impulse
shorting arm, not shown).
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circuit produces the dial impulses that actuate
the automatic switching mechanism (Strowger
switches) at the telephone switchboard to extend
the connection to the line associated with the
dialed number.

The dial has a time delay feature that
separates the series of dial impulses. The time
delay is the time between the last impulse of a
series and the complete restoring of the dial.
It is approximately equal to the time required
for one impulse and is accomplished by the
movement of the impulse springs away from the
cam by the cam shunt assembly. The last time
the cam passes, no impulse is produced. The
purpose of the delay feature is to allow the
relays in the Strowger switches to operate
properly between each series of impulses.

The SHUNT OPERATING CAM (fig. 9-10) is
mounted on the main shaft. When the dial is at
normal, the shunt cam holds the shunt springs
in the normally open position. When the dial
is turned off normal, the shunt cam is moved out
of engagement with the shunt spring assembly
and the shunt springs close to shunt the receiver
and transmitter. The closure of the shunt
springs prevents the impulses from being heard
in the receiver during dialing, and also prevents
the variable resistance of the transmitter from
affecting the character of the dial impulses.

Hook Switch

A representative telephone station circuit is
illustrated in figure 9-12. It is not desirable
to have both the talking apparatus (transmitter
and receiver) and the signaling apparatus (ringer
and capacitor, C1) connected to the line while
the telephone is in use. Accordingly, the hook
switch, also called the cradle switch, monophone
switch, or plunger switch (fig. 9-12) is an assem-
bly of springs arranged so that removing or
replacing the handset brings about the desired
circuit changes. When the handset is placed an
the hook switch, the ringer is connected to the
line through C1, and the transmitter, receiver,
and dial are disconnected from the line. When
the handset is removed from the hook switch, a
pair of make contacts and a set of break-make
contacts on the switch (1) connect the trans-
mitter, receiver, and dial to the line; (2) dis-
connect the ringer from the line; and (3) connect
C1 across the dial impulse springs. The hook
switch on all types of telephones has the same
function, but the mechanical arrangement dif-
fers.
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7.87

Figure 9-12.—Schematic diagram of telephone C circuit.

Ringer

The ringer (fig. 9-13) is of the polarized,
untuned type commonly called the STRAIGHT-
LINE ringer (bell). It is suitable for use on
both individual and party lines and is called
UNTUNED because it will operate over a wide
range of frequencies.

The ringer consists of a hard-steel per-
manent magnet, a soft-iron electromagnet, a
pivoted armature carrying a clapper rod and
clapper, and a gong or set of gongs. The elec-
tromagnet is U-shaped with a coil around each
leg. The soft-iron armature is pivoted at its
center, and lies in front of the two poles of the
electromagnet, but does not quite complete the
magnetic circuit. The permanent magnet is used
to polarize the armature ends of the electro-
magnet. The armature end of each coil has a
consequent north polarity produced by the per-
manent magnet. The two ends of the armature
have consequent south poles produced by the
permanent magnet.

The coils are wound on the pole pieces so
that when current flows in one direction (fig.
9-13) the mmf of coil 1 aids the permanent
magnet flux and the mmf of coil 2 opposes it.
Thus, coil 1 increases the strength of the north
pole at the armature end of coil 1 and coil 2
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attempts to establish a south pole at the arma-
ture end of coil 2. Because like poles repel and
unlike poles attract, the armature moves clock-
wise and the clapper strikes the gong at the
right.

When the ringer current reverses, the mmf
of the coils reverses. Thus, coil 2 strengthens
the north pole at the armature end of coil 2 and
coil 1 attempts to establish a south pole at the
armature end of coil 1. The armature moves
counterclockwise and the clapper strikes the
gong at the left. The gongs ring once for each
half cycle of ringing current. The ringing
current is 20 cycles per second.

When no current flows through the coils,
the armature south poles attract the northpoles
at the armature end of the coils and the clapper
moves either to the right or the left depending
on which air gap is the shortest. A biasing
spring (not shown) is provided to give the
armature a definite position when the gongs
are silent. This spring holds the clapper
against one gong and prevents the gong from
tingling when the other party on the line is
dialing (biasing springs on commercial tele-
phones prevent clapper operation when the
wrong polarity of ringing current is received in
selective ringing on four-party lines). Small
pleces of nonmagnetic material are placed
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between the core ends and the armature to pre-
vent actual contact and subsequent sticking due
to residual magnetism.

Capacitors

Two capacitors are used in the telephone,
one in the ringing circuit and one in the trans-
mission circuit (fig. 9-12). The capacitor C1
in the ringing circuit allows a-c ringing
current to pass through the ringer and prevents
the flow of direct current. During dialing C1
(in series with R) is shunted across the dial
impulse springs to minimize sparking and
suppress radio interference. The capacitor C2
in the transmission circuit improves the trans-
mission output characteristics of the telephone.
If capacitor C2 were not used, the output would
be very low because of the high impedance of
the telephone circuit and the line ci