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PREFACE

The primary purpose of training is- to projuce a combat Navy-
which can maintain control of the sea and guarantee victory, Victory
at sea depends upon the state of readiness of shipboard personnel
to perform tasks assigned to them in accordance with the needs of
the ship., This Rate Training Manual provides information related to
the tasks assigned to the IC Electricians Third and Second Class who
operate and maintain the interior communications systems and associ-
ated equipment. It is only when shipboa.d personnel can and do perform
their tasks efficiently that each ship will be operating at a high state
of readiness and adding her contribution which is essential to guarantee
victory at sea, As an IC3 or IC2, you will be expected to know the infor-
mation in this manual and to perform your assigned tasks, The degree
of success of the Navy will depend in part on your ability and the manner
in which you pérform your duties,

This manual was prepared by the ‘Naval Education and Training
Program Development Center, Pensacola, Florida, for the Chief of
Naval Education and Training, Information provided by numerous manu-
facturers and technical societies is gratefully acknowledged. Technical
assistance was provided by the Naval Ship Engineering Center, Washing-
ton; Service School Command, San Diego; Service School Command,
Great Lakes; and Fleet Training Center, Norfolk,
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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.
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CHAPTER ]
CAREER CHALLENGES FOR THE IC ELECTRICIAN

This Rate Training Manual is intended to
help you develop your technical skills, since it is
the knowledge and skill of men like yourself
that make our modern Navy possible, By learning
the information in this manual and gaining prac-
tical experience on the job, you will prepare
yourself for a successful and rewardirg Navy
career., The Navy has developed a training
system to help you learn the duties of the
next higher grade in your rating, When you can
demonstrate, by your performance on the job,
by your mastery oi the required skills, and by
written examination, that you are well qualified
to perform these duties, you will be advanced,
Even as you are working toward advancement
the extra effort and study that you devote to
learning your rate will reward you in terms
of greater job satisfaction, and by your becom-
ming able to do more important and interesting
work,

Work in interior communications (IC) con~
cerns the inventions of several engineers and
scientists of the 19th and 20th centures; the
telephone of Bell, Sperry's gyrocompass, and
induction devices pioneered by William Sturgeon,
As with any electrical work, the theories of
Georg Ohm and Alesandra Vclta are applied
daily, It is common for the IC Electrician to
use routinely concepts which a hundred years
ago were as advanced as the theories of Einstein
are today.

Your training for the IC Electrician rating
will include electronics and electrical theory,
and fundamentals of operation of motors, gen-
-erators, alarms, sensors, telemetering systems,
and other electrical equipment., You mustbecome
proficient in using handtools and electrical meas-
uring instruments, In troubleshooting IC syr-
tems, for example, you must be able to read and
work from blueprints and electrical schematice
and analyze the performance of a circuit and its
~2ompornents.

THE IC ELECTRICIAN RATING

Before World War II the interior communi-
cations of a ship consisted of sound-powered
phones, automatic telephonee, general announ-
cing systems, and synchronous telegraph sys-
tenis, These were cared for by Electrician's
Mates, who could receive special training through
a gyrocompass class B school and an interior
communications class B school,

Duriug World War II the trainees inthe IC
class B school studied algebra, trigonmetry,
gyrocompasses, movie projectors, automatic
telephones, and synchro systems., They were
also required to build a S50-watt amplifier,

The rapid advances in interior communi-
cations and navigation equipment during World
War II led to the establishment of the IC rating
in 1948, To train men in the new ratinganIC
class A school was established at Great Lakes,
Ill,, and another at San Diego, Cal, In 1957
the IC class B school moved from Washington,
D.C. to its present location, the Great Lakes,
Naval Training Station. The number of IC class
C schools has increased to eight as more so-
phisticated communications systems and navi-
gational tracking systems have been developed.,

The IC Electrician rating is a general rating,
and is not divided into service ratings. (An
example of a rating divided into service ratings
is the ET; its service ratiugs are the ETN and
the ETR, The ETN specializes in communi-
cations equipment, the ETR specializes ia ra-
dar,)

RESFONSIBILITIES OF
TODAY'S IC ELECTRICIAN

Modern warships are capable of defending
themselves against supersonic aircraft and mis-
siles. The ships have complex interior commun-
ications systems to carry information vetween
their various control and command centers,
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These systems are vital to a warship's combat
readiness and safety,

As defined in the Manual of Qualifications
for Advancement or so-called Quals Manual,
the scope of the IC rating is:

"Interior Communications Electricians op-
erate and perform organizational and interme-
diate maintenance on interior communications
systems including voice interior communications,
alarm, warning, ship's control,entertainment,
gyrocompass, and plotting; stand watch on re-
lated oquipment, and ensure the enforcement of
safety precautions, !’

The qualifications of the IC Electrician are
oriented to shipboard duties; he is found on
almost al' naval vessels, Ashore, he may work
in his rating in a repair facility or as anin-
structor, but is just as likely to be working
outside his rating in a duty, such as shore
patrol or recruiting.

The requirements for advancement outlined by
the Quals Manual are designed to ensure that an
IC Electriclan assigned to any ship in the fleet
will have the general qualifications to perform
his assigned duties, Since some ships, partic-
ularly the more modern oncs, have special in=
terior communications equipment, the IC Fiec~
tricians assigned to them must have apecial
training, A Navy Enlisted Classification (NEC)
coding system helps identify the men who have
this special training,

NAVY ENLISTED CLASSIFICATION CODES

Though your rate shows what youare qualified
to do, it does not by itself show any of your special
qualifications or skills, either within your rateor
outside of it, NECs are used to show significant
qualifications not shown by the rate designation,
The NEC coding system identifies special quali-
fications through a four digit number, such as
IC 4712 or IC 4724, Not everyone in the Navy
has a special code number, but some individuals
have more than one, depending on their qualifi-
cations, The qualification considered to be the
most important is identified by the first code
number; the one ccnsidered to be of secondary

importance by the second code number. These.

code numbers can be obtsined by completing
special training or class C schools,
Some of the NECs that may be assigned to

qualified IC Electricians and applicable courses

they must complete are:
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IC 4712 Automatic Telephone Repairman
Applicable Course: Automatic Telephones,
Class C (A-623-0014)

IC 4722 Gyrocompass (Mechanical) Technician
Applicable Course: Gyrocompass Technician
(Mechanical), Class C (A=670-0014)

IC 4724 Gyrocompass (Electrical) Technician
Applicable Course: Gyrocompass Technician
(Electrical), Class C (A-670-0021)

IC 4746 Closed=Circuit TV Technician
Applicable Course: Closed Circuit TV
Maintenance, Class C (A~198-0020)

For more information on obtaining MNECs,
you should contact your leading petty ofticer or
personnel office,

QUALIFICATIONS FOR ADVANCEMENT

As an IC Electrician you will perform bath
military and professional duties, The military
requirements and professional qualifications for
all ratings in the Navy are listec in the Quals
Manual which is periodically revised to reflect
organizational and procedural changes inthe Navy
that affect the ratings, and to incorporate addi-
tional skills and techniques required by the
development and installation of new equipment,

The military duties for the IC Electrician
are the same as those for other petty officers,
This Rate Training Manual primasily concerns the
professional duties of IC Electricians and does not
attempt any detailed consideration of the military
duties, The military requirements are discussed
in Military R
Figure 1-1 shows the requirements for advance-
ment of active duty personnel; figure 1-2 does
the same for inactive duty personnel,

The profess.onal or technical duties performed
by the IC Electrician include a variety of tasks that
require many specialized skills and techniques
necessary to perform properly *he occupational
duties of his rate, The professionalqualifications
for the IC rating have been used as a guide in
preparing this Rate Training Manual and will be
used by the Naval Examining Ceater in con-
structing the servicewide competitive examina~-
tions, In preparing to take these examinations
you should consult the latest revision of the Quals
Manual for changes distributed after the publi-
cation of this Rate Training Manual, The next
change to the Qua ugl] for the IC rating is

scheduled for distribution in June 1977,
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Chapter 1 - CAREER CHALLENGES FOR THE IC ELECTRICIAN

. # E3 WiE4 E5 E
REQUIREMENTS* |E1 > t tEG E7 tE8
Q TS* |ELto E21E2t0 E] 4, g4 |to E5 to EG b1 | tiBs | td B9
4 mos,
service~- 12 mos.| 24 mos. 36 mos.
or 8 6 as E-4.}as E~5. | as E-6,
SERVICE comple- |~ ;,‘_025' mgfé 3 years | 6 years | 8 years |36 mos.| 24 mos.
tion of - |[a8 E=3. |time in {time in | time in |as E-7. | as E-8, ,
Recruit service.] service.| service, |8 of 11 10 of 13
Training, a years years
Recruit Class A time m time m
Training for PR3, service | service
(C.O. DT3, Class B |must be | must be
may ad- PT3, for AGC, enlisted.] enlisted.
SCHOOL vance up | AME 3, MUC,
to 10% | HM 3, MNC.t{
of gradu PN 3,
ating FTB 3,
class.) MT 3,
PRACTICAL Locally
FACTORS prepared Record of Practical Factors, NavEdTra 1414/1, must be
check~ completed for E-3 and all PO advanceinents,
offs.
Specified ratings must complete
PERF'?SSI\'drA NCE applicable performance tests b3~
: fore taking examinations,
ENLISTED As used by CO
PERFORMANCE when approving Counts tow";::i ::gggmﬂggliactor credit in ad-
EVALUATION advancement, *
Locally | ¢ Navy-wide examinations
EXAMINATIONS ** |prepared| . ef:w required for all PO Navy-wide selection board.
tests. * advancements.
. Required for E-3 and all PO advancements Nonresident career
m{‘%;f“llgg‘%o_ & unless waived because of school comple- courses and
ING MILI'I{ ARY Z_ tion, but need not be repeated if identical recom:mended
REQUIREMENTS) course has already been completed. See reading, See
NavEdTra 10052 (current editicn). NavEdTra 10052
X (current edition).
AUTHORIZATION | Comfmanding NAVEDTRA PRODEVCEN

* All advancements require commanding officer’s recommendation,
t 1 year obligated service required for E-5, and E-6; 2 years for E-7, E-8,
# Military leadership exam required for E-4 and E~5.

*¢ For E-2 to E-3, NAVEDTRA PRODEVCEN exams or 1

44 Waived for qualificd EOD personnel.

Figure 1-1,— Active duty advancement requirements,

and E-9.

ocally prepared tests may be usec.
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. EVto JE2to [E3to ] Edto | ESt0 | EG 1o
REQUIREMENTS [ i i n £6 0 1] 1
36 mos {36 mos. 24 mos.
TOTAL TIME with | with | witn
N CRADE & mos. | 8 mos. |6 mos. |12 mos.|24 mos.{ total | total | total
Byrs | yis |3 yis
service | service [service
TOTAL TRAINING
DUTY IN GRADE t |14 days {14 days|t4 days|id4 days 28 days|42 days|42 days|?8 days
PERFORMANCE Specified ratings must complete applicabie
TESTS perlormance tests before taking examination.
DRILL Salistactory participation as a member of a drill wnit
PARTICIPATION in accordance with GUPERSINST 5400.42 series.

PRACTICAL FACTORS
{IRCLUDING MILITARY
REQUIREMENTS )

Record of Practical Factors, NavEdTra 1414/1, must
be completed for all advancements.

RATE TRAINING
MANUAL (INCLUDING
MILITARY REQUIRE-

MENTS)

Completion of applicable course or courses must be entesed

in service record.

EXAMINATION

Standard Exam

Standard Exam
required for all PO
advancements.

Ase pass
Military Leadership Exam
for £-4 and E-5.

Standard Exam,
Selection Roard.

AUTHORIZATION

Commanding
Officer

NAVEDTRA PRODEVCEN

*Recommendation by commanding officer required for all advancements,
t Active duty periods may be substituted for training duty,

Figure 1-2, — Inaciive duty advanceme:t requirements,

4
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Chapter 1 - CAREER CHALLENGES FOR THE IC ELECTRICIAN

SOURCES OF INFORMATION

No single publication can give you all the
information you need to perform the duties of
your rating, You chouid learn where to look for
accurate, authoritative, up-to-date information
on all subjects related to the military require-
ments for advancement and the professional
qualifications of your rating. Information related
to requisitioning materials, required maintenance
forms, leadership and supervision should be
obtained from Military Requirements for Petty
Officer 8 & 2.

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

You must bear in mind, however, that you
cannot depend on the printed word alone; you
must supplement the information you obtain
from books with actual practice, and with the
knowledge acquire¢ from observing experienced
mer at work.

NAVAL TRAINING (NAVEDTRA) PUBLICATIONS

Effective 156 January 1972, the Naval Training
Support Command and its field activities came
directly under tne command of the Chief of
Naval Training instead of the Chief of Naval
Personnel. Training materials published by the
Naval Training Support Command after the above
date are designated NAVEDTRA in lieu of NAV-
PERS; in most cases, the numbers remain as
originally assigned. The designators of publi~-
cations printed before the above date will be
changed as each publication is revised,

The naval training publications described
here include some that are absolutely essen’ial
for meeting your job requirements and some that
are extremely helpful, although not essential,

Bibliography for Advancement Study
NAVEDTRA 10062

This pamphlet provides a working list of

material for enlisted personnel who are studying
for their advancement examinations. It is revised

ERIC
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and issued annually by the Naval Educationand
Training Support Command, Each revised edition
is identified by a letter following the NAVEDTRA
number. When using the bibliography, be sure
you have the most recent edition.

The working lis contains required and recom=
menced Rate Training Manuals and other ref-
erences, A Rate Training Manual marked with
an asterigsk (% in NAVEDTRA 10052 is MAN-
DATORY at the indicated rate level, Remember,
however, that you are responsible for all ref-
erences at lower levels, as well as those listed
for the rate to which you are seeking advance-
ment. A mandatory Rate Training Manual may
be completed bv (1) pas2ing the appropriate
nonresident career course (formerly celled cor-
respondence course), based on the manual, (2)
pessing loc..iy prepared tests based on the man~
datory training manual, or (3) in some cases,
successfully completing an appropriate Navy
school,

All references, whether 1aandatory or recom-
mended, listed in NAVEDTRA 10062 may be
used as source material for the written advance=
ment examination, at the appropriate levels,
In addition, references cited in a mandatory or
recommendeC Kate Training Manual may be
used as source material for examination ques-
tions,

Rate Training Manuals

These manuals help enlisted personnel fulfill
their job requirements as expressed by the
practical and knowledge factors that they must
acquire for advancement, Some manuals are
general, and intended for more than one rating;
others, such as this one, are specific to the
particular rating,

Rate Training Manuals are revised from time
to time to bring them up-to-date, The revision
of a Rate Training Manual is identified by a
letter following the NAVEDTRA number. You
can tell whether a Rate Training Manual is the
latest edition by checking the NAVEDTRA nvber
and the letter following the number in the most
recent edition of the List of Training Manuals

and Correspondence Courges, NAVEDTRA 10061
(revised),

DOD INFORMATION SECURITY PROGRAM
REGULATION

This regulation or DODISPR (for short) is the
basic directive for administering the Information
Security Program throughout the Department of
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Defense, It ensures the protection of official DOD
information relating to national security, DOD-
ISPR is supplemented by OPNAV INSTRUCTION
§510.1D to provide necessary instructions and
policy guidance for the Department of the Navy,
The format of the Navy supplement corresponds
to that oif DODISPR, except that the supplement
contains additional information which concerns
the Department of the Navy Information Security
Program, DODISPR and OPNAVINST 5510.1D
supersede the canceled Navy Security Manual
for Clagsified Information, Appendix I of this

a raining Manual contains basic principles
of security relative to the access, uissem-
ination, storage, transmission, compromise, and
destruction of classified material,

TECHNICAL MANUALS

Although much of your work *+ill be routine,
you will always face new problems, and have to
look up information to solve them. The log room
of your ship will contain a comprehensive tech~
nical library. The books in this library are
primarily designed for the engineer officer to
use, but you will have occasion to use them.
Manufacturers' technical manuals for most of
the equipment in the ship will be found in the
log room library, They are valuable sources of
information on operation, maintenance, and
repair,

The 'encylopedia'' of Navy engineering—
Naval Ship Systems Command Technical Manual
or so-called NAVSHIPS Tech Manual,—is also
kept in the log room. Unless assigned to work
there, you will not have an opportunity to study
the S 1, so all the infor-
mation in it relating to your advancement require-
ments is inciuded in this Rate Training Manual,
There are occasions, however, when you will
have to use the NAVSHIPS Tech Manual and
manufacturers' technical manuals, such as, when
you are assigned responsibilities for equipment
with which you are not familiar or have to per-
form complex maintenance or repair operations
which you have not done before, .

PERIODICALS

The Naval Ship Systems Command Techanical
News isamonthly publication with useful articles
on all aspects of shipbvard engineering, It sup-
plements and clarifies information contained in
the NAVSHIPS Tech Manual and also presents
information on new developments,

1<

Safety Review, published monthly by the Naval
Material Command, contains information on the
safe storage, handling, or other use of products
and materials, Fathom, published quarterly by
the Naval Safety Center, provides accurate, and
current information on nautical accident pre-
vention, '

The Electronics Information Bulletin (EIB)
is published hiweekly by the Naval Ship Enginesr-
ing Center. EIB articles contain advance inion=
mation on field changes, installation techniques,
maintenance notes, beneficial suggestions, and
technical manual distribution, Articles of lasting
interest are transcribed into the Electromi:s
Installation and Majntenance Book (EIMB). The
EIMB is a single-source reference document of
maintenance and repair policies, installation
practices, and overall electronics equipment and
material-handling nrocedures for implementing
the major policies set forth in chapter 9670
of NAVSHIPS Tech Manual,

HOW TO STUDY

The general methods of study are the same
for everyone, but the real art entails discovery
of the methods that are best for you, It {s
always best to study about a particular equipment
while working ‘on it, With a piece of equipment
available, study the technical manual and relate
the physical location and size of the component
with it, On the job, learn by doing,

When studying theory or fundamentals of
operation, always set up some plan of study.
Study is a habit, It is best done under conditions
and surroundings that do not distract, Learn
in an orderly fashion so that the acquired bits
of knowledge will serve as stej - ing stones in the
process of learning, Read and study the material
at hand with us much concentration as possible,
Remember that electricity cannot be learned in
a hurry. A consistent application of effort, how-
ever, brings a man to his goal sconer than he
thinks,

BASIC RULES OF STUDY

The following rules of study will benefit
those who find it difficult to learn sad retain
what they have read,

® Choose a comfortable, quiet, and well-
lighted location, Read with pencil and paper
handy for recording notes,
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e Decide upon a portion of a chapter and
the number of pages to be studied.

e Read quickly in order to get the main
point of the subject, -

e Reread carefully, then put the study
material aside,

e List the main points, then check them
with manual open.

e Reread the material more slowly. Try
to remember the details and connection of each
part.

e Write a detailed summary, using the
manual only if necessary.

STUDYING THIS RATE TRAINING MANUAL

Before proceeding further in this Rate Train-
ing Manual, you shouldknow its 8cope and purpose,
Go over the table of contents and note the
arrangement of topics. Subject matter can be
organized and presented in many different ways.
You will find it helpful to get an overall view of
this manual's organization before starting to
study. Here are some points of interest concerning
this manual:

13

e It must be satisfactorily completed before
you can advance to IC8 or IC2, whether you are
in the Regular Navy or in the Naval Reserve.

_e. It is designed toprovide informationonthe

occupational qualifications for advancement to

IC3 and IC2.

e The occupational qualifications that were
used as a guide in the preparation of this manual
were those promulgated in change 3 of the Manual

of Qualifications for Advancement, NAVPERS

18068-C (dune 1973). Changes in the IC Elec-
trician's Qualifications occurring after this edi-
tion of the Quals Manual became effective may
not be refiected in the topics of this training
manual.

e It includes subject matter that is related
to both the KNOWLEDGE FACTORS and the
PRACTICAL FACTORS of the qualifications for
advancement to IC8 and IC2, No Rate Training
Manual, however, can take the place of on-the-
job experience for developing skill in the prac-
tical factors. When possible, this manual should
be used in conjunction with the Record of Prac-
tical Factors, NAVPERS 1414/1.

e It is NOT designed to provide information
on the military requirements for petty officers,




CHAPTER 2
SAFETY

The Secretary of the Navy, in establishing a
Department of the Navy Safety Program, stressed,
“Safety is an inherent responsibility of
command...” He further outlined that ‘““Assign-
ment of safety responsibility at all echelons of
command is a basic requirement,’” This means
responsibility right down through second and
third class petty officers, Most accidents which
occur in noncombat operations can be prevent-
ed if all personnel cooperate ineliminatingunsafe
conditions and acts,

To assist shipboard personnel in carrying
out their responsibilities concerning safety, the
Chief of Naval Operations has issued the Ship-
board Accident Prevention Manual, OPNAVINST
5101.2, In addition, safety information is issued
periodically in various publications, pamphlets,
and directives by commands, bureaus, and offices
of the Navy Department, Also, the Naval Safety
Center, Norfolk, Virginia, a portion of whose
mission is to monitor safety in the fleet, obtains
accident data from completed Accident/Near
Accident Reports (3040 forms) and Accidental
Injury/Death Reports (5100 forms) and from
Safetygrams, which are submitted informally by
ships, Publications issued by the Center of parti-
cular interest to forces afloat include FATHOM
and Ships Safety Bulletin,

It is also your job as a petty officer to know
and be able to perform the proper action when an
accident does occur,

This chapter will cover some of the areas in
which you as an IC man should exercise above-
average ~aution, It will further give you some
facts so chat you can teach safety accurately and
effectively, Finally, it will give the approved
methods of action so that you will be able to re-
hearse your sctions and thus be ready in the
event of a casualty,

Instructions and procedures pertaining to
safety aspects are contained in general and
specific manuals such as Naval Ships Technical
Manual, The safety precautions discussed in this
chapter are not intended to replace those in
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various manuals, Safety precautions related to
specific equipment are included at appropriate
points throughout this training manual,

SAFETY REQUIREMENTS

All individuals have the responsibility to
understand and observe safety standards and
regulations which are established for the pre-
vention of injury to themselves and other per-
sons and damage to property and equipment,
As a supervisor, you have the responsibility
of setting a good exampie; you cannot ignore
safety regulations and expect others to follow
them,

EFFECTS OF ELECTRICITY

Because of the inherent danger of electrical
shock,, safety must rank as a prime concern to
all IC imen,

The factors that determine whether you re-
ceive a slight or fatal shock are (1) the amount
and duration of current flow, (2) the parts of the
body involved, and (3) the frequency of the current
if it is A~C, Generally, the greater the current
flow and the length of time one is subjected to it
will determine the extent cf the damage done, The
Navy has also found that life or death may be
determined by the nearness of the current path,
through you, to vital nerve centers or organs,
Frequency is also a determining factor, with 60
hertz current flow being slightly more dangerous
than direct current,

The ability to resist an electrical shock
varies from sailor to sailor and from day to day.
However, NavShips has summarized the rela-
tionship of current magnitude to degree of shock
as follows:

1. At about one milliamp (,001 ampere) shock
is perceptible,

2, At about ten milliamp (,01 ampere) shock
is sufficient to prevent voluntary control of the
muscles,




---Less-thanl ma
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Effects

No sensation.

Mild sensation to pain-
ful shock, may lose
control of adjacent
muscles between 10 to
20 ma,

Painful shock, severe
muscular contractions,
breathing difficult,
Same as above, only
more severe, up to 100
ma, A heart condition
known as ventricular
fibrillation may occur
anywhere between 100
and 200 ma usually
causing death almost
immediately.

Severe burns and mus-
cular contractions so
severe that the chest
muscles clamp the
heart and stop it for
the di.ation of the
shock,

Current Value

1to 20 ma

20 to 50 ma

50 to 200 ma

Over 200 ma

111,131
Table 2-1, — Sixty-Hertz Current Values Affecting
Hurnan Beings,

8. At about one hundred milliamp (.1 ampere)
shock is usually fatal if it lasts for one second
or more,

Table 2~1 may be an aid to you when you are
instructing your strikers, as it points out the
current values and their expected effects,

SAFE PRACTICES

When working on electrical or electronic cir-
cuits there are certain general precautions which
must be observed, These precautiors should be
scrupulously followed by both yourself and the
striker who i8 working with you, _

(1) Remember that electrical and electronic
circuits often have more than one source of
power, Take time to study the schematics or
wiring diagrams of the entire system to ensure
that all power sources are deactivated.
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(2) If pertinent, inform the remote station
regarding the circuit on which work will be per-
formed.

(3) Use one hand when turning switches on

or off, Keep the doors to switch and fuseboxes -

closed, except when working inside or replacing
fuses.

(4) After first making certain that the cir-
cuit is dead, use a fuse puller to remove cart-
ridge fuses.

(5) All supply switches or cutout switches
from which power could possibly be fed should
be secured in the off or open (safety) position and
tagged, The tag should read ‘‘THIS CIRCUIT WAS
ORDERED OPEN FOR REPAIRS AND SHALL
NOT BE CLOSED EXCEPT BY DIRECT ORDER
OF (name and rank of person making, or directly
in charge of repairs),’’ or “DANGER-SHOCK
HAZARD—Do not change position of switch
EXCEPT by direction of (name and rank of pers
son making or directly in charge of repairs).”

(6) Keep clothing, hands, and feet dry if at
all possible, When it is necessary to work in wet
or damp locations, use a dry platform or wooden
gtool to sit or stand on, and place a rubber mat
or other nonconductive material on top of the
wood. Use insulated tools and insulated flash-
lights of the molded type when required to work
on exposed parts, In all instances, repairs on
energized circuits shall not be made with the
primary power applied except in case of emer-
gency, and then only after specific approval
has been given by your supervisor, the chief IC
electrician or electrical material officer. When
approval has been obtained to work on
equipment with the power applied, keep one hand
free at all times (BEHIND YOU OR IN YOUR
POCKET).

(7) Never short out, tamper with, or block
open an interlock switch,

(8) Keep clear of exposed equipment; when
it is necessary to work on it, work with one hand
as much as possible.

(9) Avoid reaching into enclosures except
when absolutely necessary; when reaching intoan
enclosure, use rubber blankets to prevent acoi-
dental contact with the enclosure.

(10) Make certain that equipment is properly
ed,
(11) Turn off the power before connecting
alligator clips to any circuit,
(12) Never use your finger to test a ‘‘hot”
line. Use approved meters or other indicating
devices,
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HIGH VOLTAGE PRECAUTIONS

Do NOT work with high voltage by yourself;
have another person (safety observer), qualified

__ in first aid for «lectrical shock, present at all

times, The man stationed nearby should also
know the circuits and location of the switches
controlling the equipment, and should be given
instructions to pull the switch immediately if
anything unforeseen happens, .

Remove all metal objects from your person,
Always be aware of the nearness of high voltage
lines or circuits, Use rubber gloves where ap~
plicable and stand on approved rubber matting,
Not all so-called rubber mats are good in-
sulators,

Always discharge the high voltage from com-~
ponents or terminals by using a safety probe
similar to the one described later,

Do NOT hold the test probe when measuring
circuits over 300 volts,

REPLACEMENT OF ELECTRON TUBES

Do NOT use bare hands to remove hot tubes
from their sockets; use asbestos gloves or a tube
puller,

Before replacing high voltage tubes, ensure
that the plate (anode) cap or the lead terminal
(on CRTs) has been properly discharged.

When replacing (or working close to) radio-
active tubes, ensure that special precautions
(discussed later) are observed,

GROUNDING OF POWER TOOLS
AND EQUIPMENT

The possibility of electrical shock can be
reduced by ensuring that all motor and generator
frames, metal bases, and other structural parts
of electrical and electronic equipment are at
ground potential,

Normally, on steel-hull vessels, such grounds
are inherently provided because the metal cases
or frames of the equipment are in contact with
one another and with the metal structure of the
vessel. In some instances where such inherent
grounding is not provided by the mounting ar-
rangements, such as equipment supported on
shock mounts, suitable ground connnections must
be provided,

The conductors employed for this purpose
generally are composed of flexible material
(copper or aluminum) that provides sufficient
current-carrying capacity to ensure an effective
ground, In this manner, equipment cases and
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frames which are not intended to be above ground
potential are effectively grounded, and the possi-
bility of electrical shock to personnel coming in
contact with metal parts of the equipment is
minimized,

The secondary function of grounds is to im-
prove the operation and continuity of service of
certain electronic equipments, Faulty ground
returns are detrimental to this function, and can
result in intermodulation and noise voltage build-
up, with associated service interruptions, false -
signals, equipment damage, or distortion as well
as'personnel hazard,

A satisfactory ground connection, regardless
of the application, must meet certain require~
ments as contained in the General Specifications
for Ships of the U, S, Navy, and the Naval Ships
Technical Manual (NavShips 0901-960-0000 and
0901-967-0000, chapters 9600 and 9670). The
characteristics of grounds are tested by the
manufacturer of the equipment or by the naval
development laboratories, Therefore, main-
tenance of ground conductors and connectors
consists primarily of corrective and preventive
mdintenance,

In all instances where equipment grounding
is provided, certain general precautions andpre-
ventive maintenance measures must be taken to
ensure that' all bonding surfaces (connection
points or metallic junctions) are securely fasten-
ed and free of paint, grease, or other
foreign matter that could interfere with the
positive metal-to-metal contact at the ground
connection point, A few of the precautions are:

(1) Periodically clean all strap-and-clamp
type connectors to ensure that all direct metal-
to-metal contacts are free from foreign matter,

(2) Check all mounting hardware for me-
chanical failure or loose connections,

(3) Replace any faulty, rusted, or otherwise
unfit grounding strap, clamp, connection, or
component between the equipment and the ground
to the ship hull,

(4) When replacing a part of the ground con~
nection, make certain that the metallic contact
surfaces are clean, and that electrical continuity
is reestablished,

(6) After the foregoing steps have been com-
pleted, recheck to be sure that the connection is
securely fastened with the correct mounting
hardware, and paint the ground strap and hard-
water in accordaace with current accepted pro-
cedures,

i6
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Because of the electrical shock hazards that
could be encountered aboard ship, plugs and
convenience outlets for use with portable test
equipment and power tools normally are of the
. grounded type and are so designed that the plug
must be rotated to the correct position before
it can be inserted into the receptable, To ensure
that the safety factors incorporated in these
devices are in serviceable condition and are safe
for use, the following precautions and inspections
must be performed,

(1) Inspect the phenolic pin-guide insert of
the receptacle to see that it isfirmly in place and
that the guide pin is not bent or damaged,

(2) Check the wiring terminals and connec-
tions of the plug. Loose comnections and frayed
wires on the plug surface must be corrected, and
any foreign matter removed, before the plug is
inserted into the receptacle.

(3) Do not attempt to insert a grounded type
plug into a grounded receptacle without first
aligning it properly. Always rotate the plug to
such a position that its goove is aligned with
the polarity pin inside the receptacle,

(4) Remember, NEVER USE A POWER
TOOL OR A PIECE OF PORTABLE TEST
EQUIPMENT UNLESS YOU ARE ABSOLUTELY
SURE THAT IT IS PROPERLY GROUNDED,

RUBBER FLOOR MATTING

To eliminate likely causes of accidents and
to afford maximum protection to personnel from
the hazards associated with electrical shock,
only the approved rubber floor matting for elec-
trical and electronic spaces shall be used, In
many instances after accidents have occurred,
investigations showed that the operating loca-
tions and areas around electrical and electronic
equipments have been provided with only general
purpose black rubber floor matting, This type of
matting should not be used because its electrical
characteristics do not provide adequate insula-
ting properties to protect personnel from the
possibility of electric shock, In addition, the
material used in the manufacture of this matting
is not fire retardant,

For the protection of personnel when work is
being performed on electricl or electronic equip-
ments, steps should be taken to ensure that
only the approved rubber floor matting (currently
being specified by Military Specification MIL-M-
15662) is used, The matting is a gray fire-
retardant material with a diamond-shaped sur-
face, Use of this matting will serve as a safety
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measure around electrical and electronic equip-
ments where electrical potentials up to but not
exceeding 3000 volts may be encountered,
In addition, the matting will improve the general
overall appearance of the interior communica-
tions spaces, T T
Careful design and fabrication of the floor
matting material does reduce the possibility of
accidents, However, to ensure that the safety
factors that were incorporated in the manufac-
ture of the material are effective, and the
matting is completely safe for use, operation
and maintenance personnel must make certain
that all foreign substances that could possibly
contaminate or impair the dielectric properties
of the matting material are promptly removed
from its surface areas, For this reason, a
scheduled, periodic visual inspection procedure
and cleaning practice should be established.
During the visual inspection procedure, person=-
nel should make certain the dielectric proper-
ties of the .mafting have not been impaired or
destroyed by oil impregnation, piercing by metal
chips, cracking, or other defects, K it is ap-
parent that the matting is defective for any
reason, a replaceable section of matting material
should be employed to cover the area affected,

SAFETY SHORTING PROBE

It is of the utmost importance that technical
and maintenance personnel engaged in repairs of
deenergized circuits which employ large
capacitors use a safety shorting probe to dis-
charge the circuits before performing any work
on them,

Figure 2-1 illustrates and provides the neces-
sary details for the fabrication of an ap-
proved safety shorting probe, It is possible that
the dimensions given may not be suitable for all
the various types of equipment located within a
specific area; therefore, the length can best be
determined by the requirement, However,
materials used should be in conformance with or
equivalent to those in the recommended list of
materials required,

Construction details and the list of materials
are self-explanatory; however, the following
hints are included to help clarify any construction
problems,

WARNING

Never reduce the length of the handle
to the point where there wiil be less than
1 foot of clearance between the grip and the
shorting rod,
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BAKELITE HANDLE

PROTECTIVE SHIELD
4 IN. DIA. X /4 THK.

0 IN. LENGTH BARE, FLEXIBLE, BRAIDED,
TUBUL AR, COPPER WIRE 1/2" ID, 30 AWGN

MECHANICAL & SOLDER CONNECTION

TEST CLIP

1.1(77C)

Figure 2-1,— Safety shorting probe,

Place the copper rod in a vise and bend the
probe end in accordance with dimensions given
in figure 2-1, Drill and tap the prescribed holes
in the larger diameter end of the bakelite handle,
Drill and tap the protective shield and attach it
to the bakelite handle, Thread the unbent end of
the copper rod and screw the rodinto the bakelite
handle. Attach one end of the ground wire to the
copper rod, and attach the mesh-teeth clip at the
other end of the ground wire, Copies of NavShips
drawing, RE 10D 280 titled Safety Shorting Probe
Fabrication Detail can be obtained from NavShips,

When using the safety shorting probe, always
be sure first to connect the test clip to a good
ground (if necessary, scrape the paint off of the
grounding metal to make a good contact). Then
hold the safety shorting probe by the handle and
touch the probe end of the shorting rod to the
" point to be shorted out, The probe end is fashion-
ed so that it can be hooked over the part
or terminal to provide a constant connection by
the weight of the handle alone. Always take care
not to touch any of the metal parts of the safety
shorting probe while touching the probe to the
exposed ‘‘hot” terminal, It pays to be safe; use
the safety shorting probe with care.
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STEEL WOOL

It ig a recognized fact that the use of steel
wool for cleaning in IC equipment spaces is harm-~
ful to the operation of the equipment, A specific
directive of Naval Ships Technical Manual, Chap-
ter 9670, states; ‘‘Steel wool or emery in any
form shall not be used on or near electronic
equipment,’ In chapter 9660 of the same manual,
comments on the maintenance of electronic con-
tacts are as follows: ‘‘Emery paper or cloth or
steel wool must never be used toclean contacts,’’
The same paragraph then makes the following
statements, indicating that steel wool particles
are a menace: ‘‘Ventilation currents distribute
them where they do the most harm,? and “Mag-
netic materials, often being present, will collect
ferrous particles.’

Another publication which treats the harmful
effects of using steel wool in electronic equip-
ment spaces is the Naval Ship Systems Command
Handbook of Cleaning Practices, NavShips
250342-1, Under the paragraph entitled Soil Re~
moval from Aluminum, the handbook states:
““The use of steel wool on electronic equipment
is not permitted, since residual particles of steel

i8
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may cause a short circuit,’”’ Additionally, further
in the same handbook, the paragraph entitled
Electrical Contacts, directs ‘‘clean with silver
polish, fine sandpaper, or burnishing tools, Do
not use emery or steel wool, Use vacuum to re-
move dust,’”’ Thus, the NavShips directives are
clear and to the point: When cleaning electrical
and electronic parts, DO NOT USE STEEL
WOOL,

SOLDERING IRONS

When using a soldering iron, always bear in
mind the following:

(@ In order to avoid burns, ALWAYS AS-
SUME that a soldering iron is hot,

(h) Never rest a heated iron anywhere but
on a metal surface or rack provided for this
purpose, Faulty action on your part ccald result
in fire, extensive equipment damage, and serious
injuries.

(c) Never use an excessive amount of solder,
since drippings may cause serious skin or eye
burns,

(d Do not swing an iron to remave excess
solder, Bits of hot solder that are removed in
this manner can cause serious skin or eye burns,
or bits of hot solder may ignite combustible
material in the work area,

(¢) When cleaning_ an iron, use a cleaning
cloth but DO NOT hold the cleaning cloth in your
hand, Always place the cloth on asuitable surface
and wipe the iron across it to prevent burning
your hand,

(f) Hold small soldering jobs with pliers or
a suitable clamping device to avoid burns, Never
hold the work in your hand,

() Do not use an iron that has a frayed cord
or damaged plug,

() Do not solder components unless the
equipment is disconnected from the power supply
circuit, Serious burns or death can result from
contact with a high voltage,

(i) After completing the task requiring the
use of a soldering iron, disconnect the power cord
from the receptacle and, when the ironhas cooled
off, stow it in its assigned storage area,

POWER TOOLS

The hazards associated with the use of port-
able power tools are electrical shock, bruises,
cuts, particles in the eye, falls, and explosions,
Safe practice in the use of these tools will reduce
or eliminate such accidents, Listed below are

Q

some of the general safety precautions that you
should observe when your work requires the use
of portable power tools,

(a) Ensure that all metal-cased portable
power tools are grounded,

(b Do not use spliced cables,

(c) Inspect the cord and plug for proper
connection, Do not use any tool that has a frayed
cord or broken or damaged plug,

(d) Always connect the cord of a portable
power tool into the extension cord before the
extension cord is inserted into a live receptacle,

(e) Always unplug the extension cord from
the receptacle before the cord of the portable
power tool is unplugged from the extension cord.

(®) See that all cables are positioned so that
they will not constitute a tripping hazard,

{®) Wear eye protection when orking where
particles may sirike the eyes,

(h) After compleiing the task requiring the
use of a portable power tool, disconnect the power
cord as described in step (e) and stow the tool in
its assigned location,

HANDTOOLS

For your safety, certain precautions should
be taken when working with handtools, Normally,
there should be no problems when working with
these tools, but there are certain conditions un-
der which they may constitute a danger to you,
Listed below are some of the dangers and safety
precautions to be considered when using hand-
tools,

(a) One source of danger that often is
neglected or ignored is the use of handtools which
are no longer considered serviceable, Tools
having plastic or wooden handles that are
cracked, chipped, splintered, or broken may re-
sult in injuries to personnel from cuts, bruises,
particles striking the eye, and the like, Suchtools
should be condemned, replaced, or, if at all pos-
sible, repaired, before they cause accidents,

(b) Another source of danger that often is
neglected or ignored is the unsafe work practice
of covering the metal handle of atoolwith a layer
of friction tape or with a cambric sleeving to
form an improvised insulated tool, Thispractice
does not afford an adequate insulating barrier to
protect personnel from dangerous voltages;
therefore, sieps should be taken to ensure that
this unsafe practice is discontinued immediately,

(c) When it is necessary (in an emergency
only) to improvise an insulating barrier between

13
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the tool and the individual’s hand, the approved
method is first to apply several layers of ap-
proved rubber insulating tape on the metal sur-
face areas to be covered, and then to apply a
layer or two of friction tape over the insulation
material. In this manner, an adequate insulating
barrier is provided, and the possibility of ac-

cidental contact with a lethal voltage is mini-
mized.

AEROSOL DISPENSERS

Deviation from prescribed procedures on the
part of IC men in the selection, application,
storage, or disposal of aerosol dispensers con-
taining industrial sprays has resulted in serious
injury to personnel because of toxic effects, fire,
and explosion. Specific instructions concerning
the precautions and procedures that must be ob-
served to provent physical injury cannot be
given because there are so many types of in-
dustrial sprays available. However, all person-
nel concerned with the handling of aerosol
dispensers containing volatile substances should
clearly understand the hazards involved and the
need to use all protective measures required
to prevent personal injury. Strict compliance
with the instructions printed on the aerosol
dispenser will prevent many of the accidents
which result from misapplication, mishandling,
or improper storage of industrial sprays used
in the Naval service for eélectrical and elec-
tronic equipment,

Basic rules which must be observed by
operating and maintenance personnel in order
to ensure safety in the use of aerosol dis-
pensers are:

(a) Carefully read and comply with the in-
structions printed on the can.

(b) Do not use any dispenser that is capable
of producing dangerous gases or other toxic
effects in an enclosed area unless the area is
adequately ventilated.

(c) If a protective coating must be sprayed
in a space which lacks adequate ventilation, an
air respirator, self-contained breathing appa-
ratus, or preferably, fresh air supplied

from outside the enclosure by use of portable
blowers or exhaust fans should be provided.'
Such equipment will prevent inhalation of toxic
vapors.

(d) Do not spray protective coatings on warm
or energized equipment, because to do socreates
a fire or toxic gas hazard,

(e) Prevent all contact to the skin with the
liquid contained in the dispenser. Contact with
some of the liquids being used may result in
burns, while milder exposures may cause
rashes.

(f) Do not puncture the dispenser. It is pres-
surized; therefore, injury can result from this
practice.

(2) Do not discard used dispensers in waste-
baskets that are to be emptied into an incin-
erator, or an explosion of the dispenser case
may result,

(h) Keep dispensers away from direct sun-
light, heaters, and other sources of heat.

() Do not store dispensers in anenvironment
where the temperature is above the temperature
limits printed on the dispenser case. Exposure

to high temperature may cause bursting of the
container,

BUILT-IN SAFETY DEVICES

Many modern equipments are provided with
built-in safety devices (interlock switches and
such) to prevent technical and maintenance per-
sonnel from coming into contact with electrical
potentials in excess of 50 volts RMS, However,
some of these protective devices are removed
or destroyed by personnel who tamper with,
block open, or otherwise ‘‘override’’ the ¢ afety
devices. The’ foregoing practices are actions
which MUST NOT BE PERFORMED, They are
practices that could lead to personal injury or
death.

After an accident has occurred, investigation
almost alv-ys shows that it could have been
prevented by following established safety pre-
cautions and procedures. Among these aie the
following:

(8) Do not troubleshoot a circuit with the
primary power applied. This includes the afore-
mentioned unsafe practice of ‘‘overriding’’ the
equipment’s built-in safety devices.

(b) Carefully study the schematic and wiring
diagrams of the entire circuit, noting which
circuits must be deenergized in addition to the
main power supply.

(c) Obtain permission from your supervigor
if it becomes necessary to work on energized
equipment, :

(d) If approval is given to work on equipment
with the power applied, never work alone;
always have an assistant who can provide or get
help in an emergency.
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(¢) When making measurements or tests,
always keep one hand behind your back or in
your pocket,

(f) Do not reach into the equipment enclosure
unless absolutely necessary; when this must be
done, make sure that approved insulating mate-
rial and procedures are used(stand on a rubber
matting, wear rubber gloves).

Because of the hazards which confront IC
Electricians in the performance of their duties,
each man concerned should make it his respon-
sibility to read and thoroughly understand the
safety practices and procedures contained in ap-
plicable plublications before attempting to make
repairs or adjustments on the equipment. He
should never endanger his life or the lives of his
associates by disregarding or taking too lightly
the built-in devices that are provided for his
safety.

RADIOACTIVE ELECTRON TUBES

Electron tubes containing radioactive mate-
rial are now commonly used. These tubes are
known as TR, ATR, PRE-TR, spark-gap,
voltage-regulator, gas-switching, and cold-
cathode gas-rectifier tubes. Some of these tubes
contain radioactive material and have intensity
levels which are dangerous; they are so marked
in accordance with Military Specifications. The
majority of these tubes contain radioactive cobalt
(Co-60), radium (Ra-226), or carbon (C-114);
several contain nickel (Ni-63); and a relative
few contain cesium-barium (Cs Ba-~137).

So long as the electron tube containing any of
the previously listed radioactive material re-
mains intact and is not broken, no great hazard
exists. However, if the tube is broken and the
radioactive material is exposed, or escapes
from the confines of the electron tube, the
radioactive material becomes a potential hazard.
The concentration of radioactivity in a normal
collection of electron tubes at a maintenance
shop does not approach a dangerous level, and
the hazards of injury from exposure are slight,
However, at major supply points, the storage of
large quantities of radioactive electron tubes
in a relatively small area may create a hazard.
For this reason, personnel working with equip-
ments employing electron tubes containing radio-
active material, or in areas where a large
quantity of radioactive tubes is stored, should
read and become thoroughly familiar with the
safety practices promulgated in shipboard in-
structions.

Q
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Hints pertaining to proper handling of radio-
active tubes, precautions to ensure personnel
safety, and a list of tubes containing radioactive
material are provided herein. The following
precautions should be taken to ensure proper
handling of radioactive electron tubes and to
ensure safety of personnel.

Radioactive tubes should not be removed
from cartons until immediately prior t{o actual
installation.

When a tube containing a radioactive mate-
rial is removed from an equipment, it should
be placed in an appropriate carton to prevent
possible breakage.

A radioactive tube should never be carried
in your pocket, or elsewhere about you in such
a manner that breakage can occur,

If breakage does occur during handling or
removing of a radicactive electron tube, notify
the cognizant authority and obtain the services
of qualified radiological personnel immediately.

Isolate the immediate area of exposure to
prevent other personnel from possible con-
tamination and exposure.

Do not permit contaminated material to come
in contact with any part of your body.

Take care to avoid breathing any vapor or
dust which may be released by tube breakage.

Wear rubber or plastic gloves at all times
during cleanup and decontamination procedures.

Use forceps for the removal of large frag-
ments of a broken radioactive tube. The re-
n.2i 1ing small particles can be removed with &
vacuum cleaner, using an approved disposal
coflection bag. If a vacuum cleaner is not avail-
able, use a wet cloth to wipe the affected area.
In this case, be sure to make one stroke at a
time. DO NOT use a back-and-forth motion.
After each stroke, fold the cloth in half, always
holding one clean side and using the other for
the new stroke, Dispose of the cloth in the man-
ner state’: later.

No foo(. or drink should be brought into the
contaminated area or near any radioactive ma-
terial.

Immediately after leaving a contaminated
area, personnel who have handled radioactive
material in any way should remove any cloth-
ing found to be contaminated. They should also
thoroughly wash their hands and arms with
soap and water, and rinse- with clean water.

Immediately notify a medical officer if a
personnel wound is sustained irom a sharp
radioactive object. If a medical officer cannot
reach the scene immediately, mild bleeding
should be stimulated by pressure about the
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wound and the use of suction bulbs, DO NOT
USE THE MOUTH,

If the wound is of the puncture type, or the
opening is small, make an incision to promote
free bleeding, and to facilitate cleaning and
flushing of the wound.

When cleaning a contaminated area, seal all
debris, cleaning cloths, and collection bags ina
container such as a plastic bag, heavy wax
paper, or glass jar, and place in a steel can
until disposed of in accordance with existing
instruction,

Decontaminate all tools and implements used
to remove a radioactive substance, using soap
and water. Monitor the tools and implements for
radiation with an AN/PDR-27(); they should
emit less than 0,1 MR/HR at the surface.

CLEANING SOLVENTS

IC men who smoke while using a volatile
cleaning solvent are inviting disaster. Unfortun-
ately, many such disasters have occurred. For
this reason, the Navy does not permit the use of
gasoline, benzine, ether, or like substances
for cleaning solvent purposes. Only nonvolatile
solvents should be used to clean electrical or
electronic apparatus,

In addition to the potential hazard of acci-
dental fires, many cleaning solvents are capable
of damaging the human respiratory system in
cases of prolonged inhalation. The following list
of ““DO NOTs*’ will serve as effective reminders
to men who must use cleaning solvents.

1. DO NOT work alone or in a poorly venti-
lated compartment,

2. DO NOT use carbon tetrachloride. This
is a highly toxic compound.

3. DO NOT breathe directly the vapor of any
cleaning solvent for a long time,

4, DO NOT spray cleaning solvents on elec-
trical windings or insulation.

5. DO NOT apply solvents to warm or hot
equipment, since this increases the toxicity
hazard.

The following reminders are positive safety
steps to be taken when cleaning operations are
underway,

1. Use a blower or canvas wind chute to
blow air into a compartment in which a cleaning
solvent is being used,

2. Open all usable portholes, and place wind
Scoops in them,

3. Place a fire extinguisher close by, ready
for use,

4. Use water compounds in lieu of other
solvents where feasible,

5. Wear rubber gloves to prevent direct
contact,

6. Use goggles when a solvent is being sprayed
on surfaces,

7. Hold the nozzle close to the object being
Sprayed.

Inhibited methyl chloroform {1, 1, 1, Trich-
loroethane) should be used only where water com-
pounds are not feasible, Methyl chloroform has
a threshold of 500 parts-per-million (PPM) in
air, The threshold is the point ~tove which the
concentration in air hecomes dangsrous. Methyl
chloroform is toxic and should be used with care
as concentrations of the vapor are anesthetic
and can be fatal, Care requires plenty of venti-
lation and observance of fire precautions. Avoid
direct inhalation of the vapor. Inhibited methyl
chloroform 1s not safe for use with a gas mask,
since the vapor displaces oxygen in the air,

CATHODE-RAY TUBES (CRTs)

Cathode-ray tubes should always be handled
with extreme caution. The glass envelope en-
closes a high vacuum and, because of its large
surface area, is subject to considerable force
caused by atmospheric pressure. (The total
force on the surface of a 10-inch CRT is 3750
pounds, or nearly two tons; over 1000 pounc’s
Is exerted on its face alone.) Proper handliug
and disposal instructions for CRTs are as follows:

1. Avoid scratching or striking the surface,

2. Do not use excessive force when removing
or replacing the CRT in its deflection yoke or its
socket,

3. Do not try to remove an electromagnetic
type CRT from its yoke until you make sure
that the high voltage has been discharged frem
its anode connector (hole),

4. Never hold the CRT by its neck.

5. Always set a CRT with its face down on
a thick piece of felt, rubber, or smooth cioth,

6. Always handle the CRT gently. Rough
handling or a sharp blow on the service bench
can displace the electrodes within the tube,
causing faulty operation.
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LOCATING
PIN

20.320(40)
Figure 2-2. —Cathode-ray tube base structure.

Before a CRT is discarded, it should be
made harmless by breaking the vacuum glass
seal. To accomplish this, proceed as follows:

1. Place the tube that is to be discarded in
an empty carton, with its face down.

2, Carefully break off the locating pin from
its base (fig. 2-2).

WARNING

The chemical phosphor coating of the
CRT face is extremely toxic. When disposing
of a hroken tube, be careful not to come
into contact with this compound.

An alternate method of rendering a CRT
harmless is to place it in a carton. Then, using
a long, thin rod, pierce through the carton and
the side of the CRT.

ELECTRICAL FIRES

The three genzral classes of fires are A,
B, and C. Class A fires involve wood, paper, cot-
ton and wool fabrics rubbish, and the like. Class
B fires involve oil, grease, gasoline and air-
craft fuels, paints, and oil-soaked materials.
Class C fires involve insulation and other com-
bustible materials in electrical and electronic
equipment.

Fire is not only a hazard to personnel safety,
but may result in damage to or loss of equip-
ment. Fuel (a combustible substance), oxygen
(air}, and sufficient heat to vaporize the fuel
must be present simultaneously to ignite a fire.
When a substance burns, however, it is the vapor
of the substance combined with oxygen that burns
and not the actual substance in its solid or liquid
form. Fire can be controlled and/or extinquished

by eliminating or controlling either fuel, oxygen,
or heat. If the oxygen can be diluted or prevented
from coming into contact with the substance, or
if the heat can be reduced by cooling the fuel to
a temperature below that at which it ignites, the
fire will be extinguished. In an electrical fire, it
is not very likely that the fuel (acombustible sub-
stance) can be removed from the oxygen and heat;
therefore, to extinguish the fire, either the heat
or oxygen,-or both, must be controlled or re-
moved.

Electrical or electronic equipment fires re-
sult from overheating, short circuits (parts
failure), friction (static electricity), or racio-
frequency arcs. Also, an equipment may be
ignited by exposure to nearby Class A or B fires.
Since Class C fires involve electrical circuits,
electrical shock is an added dangerous and ha-
zardous condition, Thus, whenever possible, any
electrical equipments exposed to a Class A or
Class B fire, or actually ignited by such a fire,
should be deenergized immediately, If the equip-
ment cannot be deenergized completely, pro-
tective measures must be enforced to guard
against electrical shock. In addition, extinguish-
ing agents other than gases will contami.ate
delicate instruments, contacts and similar elec-
trical devices. Therefore, carbon dioxide
(CO3) is the preferred extinguishing agent for
electrical fires because it does not conduct
electricity and is a protective measure against
shock; also, there is much less lkelihood of
equipment damage.

A dry chemical type of extinguishing agent,
composed chiefly of sodium: bicarbonate, is suit-
able for electrical fires because it also is a non-
conductor and, tkerefore, protects against elec-
trical shock. However, damage to electrical or
electronic parts may result from the use of
this agent. The dry chemical extinguisher is
similar in appearance to the CO; extinguisher,

A SOLID STREAM OF WATER MUST NEVER
BE USED TO EXTINGUISH ELECTRICAL FIRES
IN ENERGIZED EQUIPMENT because water
usually contains minerals which make it
conductive; the conductivity of sea water is many
times greater than that of fresh waier. If
circumstances warrant the use of fresh or sea
water, fog produced by a special hose nozzle
(log head or tip) may be used in electrical or
electronic equipments spaces, However, even
though the fog is a fine diffusion or mist of water
particles with very little conductivity, there is
still some danger of electric shock, unless the
equipment is completely deenergized. Also, fog
condensation on electrical equipment frequently
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damages the components, and this damage must
be corrected after the fire. The nozzle should
never be removed from the end of the hose since
the water pressure at the fireplug may be up-
wards to 100 PSL If this is done, a dangerous
whip-lash action of the hose may resultand cause
injury to yourself or nearby personnel.

Foam is not recommended for electrical
fires because of equipment damage and the pos-
sible shock hazard to personnel; however, if
required, foam should be used only on DZE-
ENERGIZED circuits. When a blanket of foam
is applied to a burning substance, the foam
smothers the fire; that is, it cuts off the air sup-
Ply to the burning substance. Thus, the supply of
oxygen necessary to support combustion is
isolated from the substance, and the fire will be
extinguished,

METHODS OF FIREFIGHTING

The three methods of firefighting, that is, the
Temoval of fuel, the removal of heat, or the con-
trol of air (oxygen), are described in the follow-
ing paragraphs.

Removal! of Fuel

When fighting a fire, remove any combustible
materials (fuel) from the area to prevent their
coming in contact with the fire. In an electrical
fire, this is done primarily to prevent the fire
from spreading. Since it is not very practical to
renmove combustible substances from the source
of fire within electrical or electronic equipment,
either the removal of heat or the control of air
(or both) is the most practical approach in com-~
batting an electrical fire.

Removal of Heat

Heat is transmitted by radiation, conduction,
and convection. In vadiation, heat radiates in all
directions from the fire, thus raising the
temperature of nearby substances or materials,
In conduction, heat is transmitted through a sub-~
stance by contact with fire, which, in turn, gives
off heat along the length and mass of the sub-
stance, such as along metal work benches or
through compartment or cabinet walls, In
convection, heated air and gases rise from a fire
to contact and transfer heat to other substances
or materials nearby, Water fog and water can be
used only to remove heai from the substances or

IToxt Provided by ERI

materials surrounding an electrical fire; how=
ever, carbon dioxide must be used as the extin-
guishing agent on the actual electrical fire,

Control of Air (Oxygen)

Air, which is composed of approximately 21
percent oxygen and 79 percent nitrogen and other
gases, is difficult to control in most cases be-
cause it is impossible to remove sir from the
atmosphere surrounding :he fire, However, the
air can be diluted wich noncombustible gases
which will reduce the oxygen content. The atmos-
pheric cxygen content reduction will, in turn, ex-
tinguish the fire. The oxygen must be diluted to
a certain saturation point bofore the fire is ex~
tinguished. Thus, sufficient carbon dioxide must
be added to the atmosphere to lower the percent-
age of the oxygen ontent to the saturation point
which will not support the combustion of the
substance involved.

Carbon dioxide, a noncorrosive gas, is one
and one-half times heavier than air and thus re-
mains close to the surface of the deck or floor.
It cannot be seen or smelled; its presence gives
no evidence that can be recognized by the senses.
When used, this gas flows down and over the fire
to smother it. However, the very qualities which
make carbon dioxide a valuable extinguishing
agent also make it dangerous to life; when carbon
dioxide dilutes and replaces the oxygen inthe afr
to the extent that combustion cannot be sustained,
respiration cannot be sustained either. Person-
nel should be aware that prolonged exposure to
an atmosphere heavily juden with carbon dioxide
will cause suffocation unless special breathing
apparatv is used. Personnel suffering from
prolonged exposure to carbon dioxide must be
administered artificial respiration and oxygen,
and must be kept warm and quiet. Personnel
using the carbon dioxide fire extinguisher must
also be aware of the fact that the ‘‘snow" dis-
charge from the extinguisher blisters the skin
and causes painful “burns’ if it is allowed to
contact and remain on the gkin. The cooling
effect of this gas upon the fire is slight, notwith~
standing its low temperature resulting from
rapid expansion as it leaves the fire extinguisher
cylinder.

When carbon dioxide is properly directed and
applied to a Class C fire, there is no danger of
an electrical shock (since carbon dioxide is a
nonconductor of electricity). However, if the dis-
charge horn of a portable carbon dioxide exting-
uisher collects ice and the horn is allowed to
accidentally touch an energized circuit, the horn
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may transmit a shock to the person handling the
extinguisher.

Most portahle CO. extinguishers have a lock-
ing pin that must be removed in order to operate
the release valve. It is imperative that the user
check to be sure that this pin is removed before
deciding that he has an inoperative extinguisher.
Once the pin is removed, the squeeze-grip type
release valve extinguisher is operated by a
sim:e ‘“‘squeeze grip’’ of the handle; the older
CO: extinguisher having a disk type release valve
is operated by turning a small wheei, Once opened
(the release valve sealing disk ruptured) the disk
type valve cannot be closed to hold the unexpended
gas indefinitely; the entire charge will eventually
leak out requiring that the cylinder be refilled
and a new sealing disk be inserted in the release
valve. On the other hand, the squeeze-grip type
valve makes & gastight seal when pressure onthe
“squeeze-grip'’ is released; it can be openedand
closed repeatedly without loss of gas f{rom
leakage.

The following general procedure is used for
fighting an electrical fire:

1. Promptly deenergize the circuit or equip-
ment affected. Shift the operation to standby cir-
cuit or equipment, if possible.

2. Sound an alarm in accordance with station
regulations or the ship’s fire bill. When ashore,
notify the fire department; if afloat, notify the
Officer of the Deck. Give the fire location and
state what is burning. If possible, report the
extent of the fire, that is, what its effects are
upon the surrounding area.

8. Secure ventilation by closing compart-
ment atr vents or windows.

4. Attack the fire with portable CO; exting-
uishers (or a CO> hose reel system, if available)
as follows:

a. Remove the locking pin from the re-
lease valve.

b. Grasp the horn handle by the insula-
tion (thermal) grip; the grip is insulated against
possible hand frostbhite.

c. Squeeze the release lever (or turn the
wheel) to open the valve and thus release the car-
bon dioxide: at the same time, direct the dis-
charge flow of the carbon dioxide toward the
base of the fire.

d. Aim and move the horn of the extin-
guisher slowly from side to side.

e. Do not stop the discharge from the ex~
tinguisher too soon. When the fire has been ex-
tinguished, coat the critical surface areas in-
volved with carbon dioxide ‘‘snow’ in order to

coo! the substances (fuels) involved and prevent
a rekindling of the fire.

5. Avoid prolonged exposure to high concen-
trations of carbon dioxide in confined spaces
since there is danger of suffocation unless
special breathing apparatus is available.

6. Administer artificial respiratica and oxy-
gen to any personnel overcome by carhon di-
oxide fumes and keep the patient warm.

Fire ahoard a Navy vessel at sea under nor-
mal conditions sometimes is more fatal and
damaging to both personnel and the ship itself,
than that resulting from battle. It is extremely
important for all personnel to know and under-
stand the danger of fires. Part of this knowledge
is to know the type and location of all firefighting
equipment and apparatus in the immediate work-
ing and berthing spaces, and throughout the ship.
It is too late to get this knowledge after a fire is
started; the time is now.

FIRE EXTINGUISHERS

In addition to the aforementioned fire pre-
cautions, fire extinguishers of proper type must
be conveniently located near all places that are
exposed to constant fire danger, especially places
near high-voltage equipment. Table 2-2 lists the
types of fire extinguishers that are normally
available for use.

ELECTRIC SHOCK

In the case of severe electric shock, the vic-
tim is usually very white or blue. His pulse is
extremely weak or entirely absent, and uncon-
ciousness is complete, Burns are usually pre-
sent. The victim’s body may become rigid or
stiff in a few minutes, This condition can be
caused by muscular reaction, and is not neces-
sarily to be considered as rigor mortis. There-
fore, artificial respiration is necessary, re-
gardless of body stiffness, as recovery has
been reported in such cases, The ordinary gen-
eral test for death, or the appearance of rigor
mortis should not be accepted as valid. :

RESCUE OF VICTIMS

The rescue of electric shock victims is de-
pendent upon prompt first aid.
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EXTINGUISHER USE

CO2 Gas Eifective on anytype fire,
particularly electrical

fires.

Soda-Acid Sffective only on Class A
fires. Not recommended
for electrical fires as
compound is gcod con-
ductor of electricity. Not
effective on burming com-~
pounds, such as oil and

the like.

Very effective on burning
compounds, such as oil
and similar materials,
Not satisfactory for elec-
trical fires, as compound
is a good conductor of
electricity.

Foam

140.114
Table 2-2, — Types of Fire Extinguishers.

WARNING

DO NOT attempt to admizister first aid
or come in physical contact with an electric
shock victim before the victim has been re-
moved from the live conductor.

When attemrting to administer first aid to an
electric shock victim, proceed as follows,

1. Shut off the high voltage.

2, If the high voltage cannot be deactivated,
remove the victim: immediately, observing the
following precautions;

a. Protect yourself with dry insulating
material,

b. Use a dry board, belt, dry clothing,
or other available nonconductive material to free
the victim from the live wire, DO NOT TOUCH
the victim.

c. After removal of the victim from the
live conductor, proceed with the administration
of artificial respiration as described below,

RESUSCITATION AND ARTIFICIAL
RESPIRA TION

Resuscitation for electric shock. NOTE: The
following instructions on resuscitation were fur-
nished by the Bureau of Medicine and Surgery.

Artificial resuscitation, after electric shock,
includes artificial regpiration to reestablish |
breathing, and external heart massage to re- |
gs;abllsh heart beat and blood circulatio.. (fig.

-3), ‘

To aid a victim of electric shock after re- |
moving him from contact with the eleotricity, |
immediately apply mouth-to-mouth artificial 1
respiration.

If there is no pulse, immediately apply hesxt
massage. Don’t waste precious seconds carrying
the victim from a cramped, wet, or isolated
location to a roomier, dryer, frequented location.

If desired, breathe into victim’s mouth through a
cloth or a handkerchief placed cver his face, If
assistance is available, take turns breathing into

victim and in massaging his heart (fig. 2-3 A,
B, Cj.

Cardiac Arrest
(Loss of Heartbeat)

If the subject has suffered an electric shock
and has no heartbeat, he has 'a cardiac arrest.
This is demonstrated by finding a complete ab-
sence of any pulse at the wrist or in the neck.
Associated with this the pupils of the eye will be
dilated, and respiration will be weak or stopped,
Thz subject may appear to be dead. Under these
circumstances, severe brain damagz will occur
in four minutes unless circulation is reestablish-
ed by cardiac massage,

Closed Chest Cardiac Massage.

This method has been adopted as practioal and
can be administered by anyone who is propezly
instructed. The object in closed chest cardiac
massage is to squeeze the heart through the chest
wall, thereby emptying it to create a peripheral
pulse. This must be done about 60 times each
minute.

Place the subject on his back; a firm surface,
such as the deck, is preferred, Expose subject’s
chest,

Kneel beside victim; feel for lower end of
subject’s sternum (breastbone); place one hand
across breastbone so heei of hand covers the
lower part; place second hand on top of the
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ARTIFICIAL RESPIRATION

MOUTH-TO-MOUTH OR MOUTH-TO-NOSE
RESCUE BREATHING

@ PLACE CASUALTY ON BACK IMMEDIATELY .
DON' T WASTE TIME MOVING TO A BETTER PLACE OR
LOOSENING CLOTHING.

@ QUICKLY CLEAR MOUTH AND THROAT
REMOVE MUCUS, FOOD AND OTHER OBSTRUCTIONS.

@ TILT HEAD BACK AS FAR AS POSSIBLE
THE HEAD SHOULD BE IN A “CHIN-UP*’ OR “SNIFF* POSI-
TION AND THE NECK STRE TCHED.

@ULIFT LOWER JAV EORWARD
GRASP JAW BY PLACING THUMB*INTO CORNER OF MOUTH.
DO NOT HOLD OR DEPRESS TONGUE.

® PINCH NOSE SHUT OR SEAL MOUTH
PREVENT AIR LEAKAGE.

® OPEN YOUR MOUTH WIDE AND BLOW
TAKE A DEEP BREATH AND BLOW FORCEFULLY (EXCEPT
FOR BABIES) INTO MOUTH OR NOSE UNTIL YOU SEE CHEST
RISE.

@1LISTEN FOR EXHALATION
“UICKLY REMOVE YOUR MOUTH WHEN CHEST RISES. LIFT
JAW HIGHER IF VICTIM MAKES SNORING OR GURGLING
SOUNDS.

©REPEAT STEPS SIX AND SEVEN 12 TO 20 TIMES
PER MINUTE
CONTINUE UNTIL VICTIM BEGINS TO BREATHE NORMALLY.

* FOR INFANTS SEAL BOTH MOUTH AND NOSE WITH YOUR
MOUTH
BLOW WITH SMALL PUFFS OF AIR FROM YOUR CHEEKS,

<D CLEAR THE MOUTH
= T } AND THROAT
AL o
8
TILT HEAD BACK “
AND LIFT JAW -
@)"‘_’ — N

+— PINCH NOSE

(OR SEAL LIPS)

A

Q

ERIC
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Figure 2-3. —Artificial respiration and cardiac massage.
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first so that the fingers point toward neck as in
figure 2-3 C,

With arms nearly straight, rock forward so
that a controlled amount of your body weight is
transmitted through your arms and hands to the
breastbone. The amount of pressure to apply will
vary with the subject. It should be applied as
smoothly as possible, With an adult subject, the
chest wall should be depressed 2 to 3 inches
with each pressure application.

Repeat application of pressure about 60 to 80
times per ininute,

An assistant should be ventilating the sub-
ject’s lungs preferably with pure oxygen under
intermittent positive pressure; otherwise with
mouth-to-mouth resuscitation. However, closed
chest massage will cause some ventilation of the
lungs. Therefore, if you are alone, you mustcon=-
centrate on the massage until help can arrive.

Direct other assistants, when available, to
keep checking the patient’s pulse. Use the least
pressure that will secure an effective pulse beat.
The pupils will become smaller when effective
cardiac massage is being performed.

Pause occasionally to determine if a spon-
taneous heartbeat has returned.

PRECAUTIONS: Make every effort tokeepthe
hands positioned as described in order to prevent
injuries to the liver, ribs, or other vital organs.
Since the heart cannot recover unless supplied
with oxygen blood, it is negessary to accompany
cardiac massage with mouth-to-mouth artificial
respiration. When there is only one operator, the
cardiac massage must be interrupted every half-
minute or so to institute rapid mouth-to-mouth
breathing for three or four respirations,

The mouth-to-mouth (or mouth-to-nose) tech~
nique of artificial respiration is the most ef-
fective of the resuscitation techniques.

The mouth-to~-mouth (or mouth~to-nose)
technique of artificial respirations is the most
practical method for emergency ventilation of an
individual .of any age who has stopped breathing,
in the absence of equipment or of help from a
second person, regardless of the causc of ces-
sation of breathing.

Persons who are trained in first-aid do not
usually have the experience, training, and essen-
tial equipment to determine whether or not lack
of breathing is a result of disease or accident.
Therefore, some form of artificial respiration
should be started at the earliest possible mo-
ment,

Any procedure that will obtain and maintain
an open air passageway from the lungs to
the mouth and provide for an alternate incresse

. <8

and decrease in the size of the chest, internally
or externally, will move air in and out of a non-
breathing person.

The mouth-to~mouth or (mouth-to-nosz)
technique has the advantage of providing pres-
sure to inflate the victim’s lungs immediately.
It also enables the rescuer to obtain more ac-
curate information on the volume, pressure, and
timing of efforts needed to inflate the victim’s
lungs than are afforded by other methods.

When a person is unconscious and not breath-
ing, the base of the tongue tends to press against
and block the upper air passageway. The proce-
dures described below should provide for anopen
air passageway when a lone rescuer must
perform artificial respiration.

First, if there is foreign matter visible in the
mouth, wipe it out quickly with your finger or a
cloth wrapped around your finger. Tilt the head
back so the chin is pointed upward (fig. 2-4A).
Pull or push the jaw into a juttingout position
(fig. 2-4B and C). These mansuvers should
relieve obstructicn of the airway by mioving the
base of the tongue away from the back of the
throat.

Open your mouth wide and place ittightly over
the victim’s mouth. At the same time pinch the
victim’s nostrils shut (fig. 2-4D) or close the
nostrils with your cheek (fig. 2-4E). You may
close the victim’s mouth and place your mouth
over the nose (fig. 2-4F).

Blow into the victim’s mouth or nose.Air may
be blown through the victim’s teeth, even though
they may be clenched. The first blowing efforts
should determine whether or not obstruction
exists.

Remove your mouth, turn your head to
the side, and listen for the return rush of air that
indicates air exchange. Repeat the blowing effort.
Blow vigorously at the rate of about 12 breaths
per minute,

If you are not getting air exchange, recheck
the head and jaw position. If you still do not get
air exchange, quickly turn the victim on his side
and administer several sharp blows between the
shoulder blades in the hope of dislodging foreign
matter (fig. 2-4G).

Again sweep your finger through the victim’s
mouth to remove foreign matter. Those who do
not wish to come into contact withthe person may
hold a cloth over the victim’s mouth or nose and
breathe through it. The cloth does not greatly af-
fect the exchange of air,
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4.224

Figure 2-4, — Mouth-to-mouth respiration.

WORKING ALOFT

When radio or radar antennas are energized
by transmitters, workmen must not go aloft un-
less advance tests show positively that no danger
exists. A casualty can occur from even a small
spark drawn from a charged piece of metal or
rigging. Although the spark itself may be harm-
less, the ‘‘surprise’ may cause the man to let
go his grasp involuntarily. There is alsc. shock
hazard if nearby antennas are energized, such
as those on stations ashore or aboard a ship
moored alongside or across a pier.

Danger also exists that radar or other ro-
tating antennas might cause men working aloft
to fall by knocking them from their perch, Motor
safety switches controlling the motion of radar
antennas must be tagged and locked open before
anyone is allowed aloft close to such antennas.

ERIC
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If you work near a sts:k, draw and wear the
recommended oxygen breathing apparatus.
Among other toxic substances, stack gas con-
tains carbon monoxide. Carbon monoxide is too
unstable to build up to a high concentration in
the open, but prolonged exposure to even small
quantities is dangerous.

Observe these safety precautions when you
are going aloft:

1. You must have permission of the Com-
munications Watch Officer and OOD.

2. You must have the assistance of another
man along with a ship’s Boatswain’s Mate quali-
fied in rigging.

3. Wear a safety belt. To be of any benefit,
the belt must be fastened securely as soonas you
reach the place where you will work. Some men
have complained on occasion that a beltisclumsy
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and interferes with movement. It is true the job
may take a few minutes longer, but itis also true
that a fall from the vicinity of an antenna is
usually fatal.

4. Do not attempt to climb loaded with tools.
Keep both hands free for climbing. Tools can be
raised to you by your assistant below. Tools
should be secured with preventer lines to avoid
dropping them on your shipmate.

5. Ensure yourself of good footing and grasp
at all times,

6. Remember the nautical expression of old
seafarers: HOLD FAST

7. Ensure that the boiler safety valves are
not being set by checking with the engineer
officer.

WARNING SIGNS, PLATES, AND TAGS

Warning signs and suitable guards shall be
provided to prevent personnel from coming into
accidental contact with dangerous voltages, for
warning personnel of possible presence of ex-
plosive vapors, for warning personnel working
aloft of poisonous effects of stack gases, and for
warning of other dangers which may cause in-
juries to personnel. Equipment installation should
not be considered completed until assurance
has been posted in full view of operating per-
sonnel.

Certain types of standard electronics warning
signs are available for procurement for the
Commander, Philadelphia Naval Shipyard. A list
of signs that are available has been distributed to
all ships, ccmmands, and shore activities. Any

— HIGH _
VOLTAGE

40.67(31)
Figure 2-5, — High voltage warning sign.
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PERSONNEL ARE CAUTIONED TO GUARD
AGAINST POISONOUS EFFECTS OF SMOKE PIPE
GASES WHILE SERVICING EQUIPMENT ALOFT.

WHEN SERVICING EQUIPMENT IN THE WAY
OF SMOKE PIPE GASES USE OXYGEN BREATHING
APPARATUS AND A TELEPHONE CHEST OR
THROAT MICROPHONE SET FOR COMMUNICATION
WITH OTHERS IN WORKING PARTY.

OBTAIN NECESSARY EQUIPMENT BEFORE

O GOING ALOFT. o

|

40.67(26D)
Figure 2-6. —Smoke pipe gases warning sign.

warning signs not listed should be ordered on a
separate requesting document.

Drawings of the standard warning signs most
frequently used have been prepared by the Naval
Ship Systems Command.

Figure 2-5 is a High Voltage Warning Sign
(NavShips Drawing No. RE 10 B 608B). This sign
is to be displayed at all locations where danger
to personnel exists, either through direct contact
with high voltage or through high voltage arc-
over. Appropriate guards should also be installed
at these locations.

Warning Sign for Personnel Working Aloft in
Way of Smoke Pipe Gases (NavShips Drawing No.
RE 10 AA 529A) is to be displayed at the hottom
and top of access ladders to electronic equipment
in the way of smoke pipe gases (fig. 2-6).

RF Radiation Hazard Warning Sign (NavShips
Drawing No, RE 10 D 2282). These signs are of
the following four types and are included in the
same drawing (fig. 2-72 through d).

1. Type a. To be located on radar antenna
pedestals.

2, Type b. To be located on or adjacent to
radar set controls.

3. Type c. To be located at eye level at the
foot of ladders or other accesses to all towers,
masts, and superstructures which are subjected
to hazardous levels of radiation.

4. Type d. To be located in radio transmitter
rooms in suitable locations in full view of oper-
ation personnel.
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‘@WARNINGé

R F RADIATION HAZARD

A HAZARD TO PERSONNEL EXISTS IN THE

ANTENNA BEAM OF HIGH POWERED RADARS
MRMUM SAPE DISTANCE (PEET) SCANNSS
AADAR 2120 BEAN  SCANNMNG AT ¢! AND ROTATING |

RF RADIATION HAZARD R F RADIATION HAZARD

A RADIATION MAZARD TO PERSONNEL EXISTS IN THE

ANTENNA BEAM OF HIGH POWE RED RADARS
CHECK WITH RADAR PERSONNEL

SEFORE PROCEEDING

BEYOND THIS
POINT

" DO NOT MAKE A DIRECT VISUAL EXANINATION
OF ANY MICROWAVE RADIATOR, REFLECTOR,
WAVESUIDE OPENING OR WAVEGUIDE
HORN OURING PERIODS OF
TRANSMISSION

\@/
A\

WARNING
R F.RADIATION HAZARD

TAMRUITTERS WITH FOWER OUTPUTS OF 300 WATTS OR L89S
WILL H0T OL SPERATED WiEN MANOLING COMDTIOLLS OR

CLECTRCALLY INITIATLO ORDNANCE WITHIN 28 FT OF ASSO-
CIATED ANTENNAS, TRANSHITTERS WITH POWER
OUTPUTS OF WORE THAK 990 WATTS WiLL
ACT SC OPERAT LD WHEN HANDLING
ANT OF THE ABOVE MENTIONED
ITEN8 WITIHIN (00 FTY
OF ASS0CIATSD
ANTENRA

wee

d.

40,67(76)
Figure 2-7.—RF radiation hazard warning signs.

Warning Plates for Electronic Equipment displayed in all spaces where there is a
Installed in Small Craft (NavShips Drawing No. possibility of the accumulation of explosive vapors
RE 10 A 589). This sign is a warning against the  (fig. 2-8).
energizing of electronic equipment until ventila- Warning Tags for Marking Open Position of
tion blowers have been operating a minimum of Switches and Cutout Circuits (NavShips 3950
5 minutes to expcl explosive vapors, Althoughthe  (3-63)-GPO: 1963-0-674658 (on reverse side of
drawing title indicates this warning plate is to be  tag). This tag is used to indicate & switch which
installed in small craft, it may and should be must be left inthe OFF or OPEN (safe) position
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WARNING

OONOT ENERGIZE ELECTRONIC CQUIPMENT

UNTIL VENTILATION BLOWERS HAVE BEEN
OPERATING A MINIMUM OF FIVE MINUTES
TO EXPEL EXPLOSIVE VAPORS

40,67(140)
Figure 2-8, —Warning plate for electronic equip-~
ment installed in small crafts.

during repairs, These tags are available for
ship and shore personnel through normal supply
channels (fig, 2-9).

COLD WEATHER SAFETY PRECAUTIONS

Careful instruction and indoctrination of all
personnel are necessary to ensure that safety
precautions peculiar to cold weather and arctic

40.67(67B)C
Figure 2-9.-Warning tag for marking open posi-
tion of switches and cutout circuits.

operations afloat and ashore are observed, Sub-
jects for consideration are listed below:

1. Wear loose clothing—tight clothing and
foot gear restrict blood circulation and invite
frostbite or trench foot, .

Wear dry clothing—outer layers should be
water repellent and impervious of rain, snow,
and sleet,

2, Avoid overheating —excessive sweating
dampens clothing, resulting in poor insulation,
Perspiration cools the body even more as it
evaporates, It is better to be slightly chilly
than excessively sweaty,

3. Wear several layers of thin clothing to
allow removal as body heat rises,

4. Work in pairs —check each other for frost-
bite, since a person can become frostbitten
and not realize it. Frostbitten skin becomes
whitish or grayish, and the parts feel numb
rather than painful,

5. Wear sun glasses or goggles with tinted
lenses to protect from snow blindness and eye
strain,

6. Never touch metal objects with bare hands
although seemingly dry; they will freeze to very
cold metal,

7. Be very careful when working with fuels
and volatile liquids—gasoline will freeze flesh
in a matter qf seconds.

8. Use wind shields or screens whenever
working on exposed equipments,

9. Frequent rest, hot drinks, and food are
necessary for efficiency of personnel working
cn exposed equipment,

WORKBENCHES

As an IC Electrician, you will be doing a
great deal of equipment testing and repairing
on a workbench in the IC room. To avoid getting
shocked while working there, you must be care-
ful, and your workbench must be insulated pro-
perly. ’

Figare 2-10 shows the construction features
of a safe electric or electronics workbench, Its
work surface, or top, is usually 30 inches wide
and 4 feet long, The bench must be fastened
securely to the deck,

The joints of surrounding portable deck plates
must be insulated with epoxy fiberglass strips
(MIL-P-18177, type GEE) and secured with nylon
screws as delineated in NAVSHIPS Drawing
05-2104467, if the deck plates have vinyl deck
covering. Where vinyl deck covering is not used,
matting (not less than 3-foot widths) will be

26

o 3R




Chapter 2—SAFETY

=

Working arca {top, top edge, front of doors & drawers)
insulated with 3/8-mch Benclex 40t (FSN 9Q-
5640-256-5194).
All other exposed metal surfaces v the working area
o] (bench front and sudes, knechole sides, underside of top,
msulated with 1/8-inch Benelex 401,

. Rubber matting may be cither grey (FSN 9Q-7220-267-
7 1630) or green {FSN 9Q-7220-913-8751), but 4 mimmum
of 3 feet in width.

140.116
Figure 2-10. — Typical electric workbench.

installed over the minimum area necessary to
prevent electrical shock. Additionally, a 3-foot
width of rubber matting will be installed to in-
sulate the walkway in front of insulated work-
benches where vinyl sheet is not specified.

The top and front surfaces of an electric or
electronics workbench must be insulated with 3/8-
inch Benelex 401. In addition, exposed ends of
the workbench and knecholes under auxiliary
work tables must be insulated with 1/8-inch
insulation of the same material. Don’t defeat the
purpose of the insulation by attaching vises, locks,
hasps, hinges, or other hardware with metal
throughbolts to the metal parts of the workbench.
When mounting hardware items, insulate them
from the workbench.

The workbench must have grounding leads
that are 4 feet long and of type D, size 10 (in
accordance with MIL-W-16878). The ground loads
must be secured to the ship’s structure or at
the back of the workkench and equipped at the
free end with a 50-ampere power clip (type PC)
and insulated sleeving (bothconformingto Federal
Specification W-C-440). One grounding lead should

Q
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be installed for every 4 feet of workbench length
to ensure positive grounding of the equipment
being tested. The grounding leads installed on
ships with wooden hulls should be the same as
those installed on ships having sizel hulls except
that the leads should be secured to the ship’s
electrical grounding system. A bare solid copper
conductor, not less than 83,690 circular mils,
must be used for the main internal giounding
wire.

Test bench receptacle panels should be in-
stalled on test benches where power at various
voltages and frequencies (other than ships ser-
vice) are needed for testing equipment. In addi-
tion, ore symbol 730.: (or alternate symbol
730.4) receptacle must be installed within 5 feet
of each workbench.

The illumination requirements vary between
those for general purpose workbenches and work=
benches for the repair of instruments, such as
typewriters and meters. A warning plate which
reads, ELECTRIC SHOCK DANGER DO NOT
TROUCH ENERGIZED CIRCUITS must be in-
stalled over the workbench. Artificial respiration
instructions and a description of an approved
method of rescuing personnel in contact with
energized circuits must also Le posted.

A dummy outlet should be installed near the
workbench for checking the grounding conductor
on portable tools.

BURNS

The principal dangers from burns are shock
and infection. All casualty care measures must
be directed toward combating shock, relieving
the casualty’s pain, and preventing iniection.

CLASSIFICATION OF BURNS

Burns may be classified according to their
cause as thermal, chemical, or electrical.
Thermal burns are the direct result of heat
such as fire, scalding, sun or explosion blast.
Chemical burns are produced by chemical ac-
tion such as battery acid on tissues. Electrical
burns may be caused by electrical current pass-
ing through tissues or the superficial wound
caused by electrical flash.

Bruns may also be classified as first, second,
or third degree, based onthe depth of skin damage
(fig. 2-11), First-degree burns are character-
ized only by reddening of the skin.Second-degree
burns are characterized by blistering of the
skin, either early or late. They are the most
painful type of burn. The complete thickness
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Figure 2-11. —Rule of Nines for estimating per-
centage of burned area.

of the skin is not destroyed. Third-degree burns
are characterized by complete destruction of
the skin with charring and cooking of the deeper
tissues. This is the most serious type of burn,
for it produces a deeper state of shock and
more permanent damage and disfigurement. It
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" THIRD-DEGREE
BURN

. SZCOND-DEGREE
BURN

FIRST-DEGREE
BURN

136.32
Figure 2-12,—First, second, and third degree
burns.

is not as painful as a second-degree burn be-
cause the sensory nerve endings have been
destroyed.

Emergency Treatment

The degree of the burn, as well as the skin
area involved, determines the procedures used
in treatment of burns. Large skin areas re-
quires a different approach than small areas.
To estimate the amount of skin area affected,
use fig. 2-12,

As a guideline, consider that burns exceeding
20 percent of the body surface endanger life;
the old or the very young patient will not tolerate
burn injuries well; without adequate treatment,
burns of more than 30 percent are usually fatal
to adults,

If time and facilities permit caring for patients
with superficial burns, the area should be cleaned
with soap and water. A simple sterile dressing
of fine-mesh, dry gauze is then applied over the
area to protect it from infection.

Based on field level casualty treatment con-
ditions, superficial burns include first-degree
burns and lesser second-degree burns, which
need little attention beyond self-care,

When emergency treatment of the more seri-
ous second-degree burns and third-degree burns
is required, treat the patient for shock first.
Make the patient as comfortable as possible,
and protect him from cold, excessive heat, and
rough handling.

The loss of body fI..ds is the main factor
in burn shock. Start oral therapy gradually at
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first by giving him small amounts of hot coffee,
tea, fruit juice, or sugar water. Give the drinks
frequently but only if the patient is conscious,
able to swallow, and has no internal injuries.

To enable trained personnel to determine the
kind of treatment required, no medication should
be applied to burns during emergency treatment.
Pain is closely allied to the degree of shock,
and should be relieved as soon as possible. When
available, ice water is an effective pain reducer.
Flooding with lots of clean, cool fresh water helps
alsc provuded that not too much force is used. In
electric shock cases, burns may have to be ig-
nored temporarily while the patient is being re-
vived.

After the patient has been treated for painand
shock, a compress and bandage may be applied to
protect the burned area. If a universal protective
dressing is not available, fine mesh gauze may be
substituied. Constricting articles of clothing and
ornaments should be removed, and the burned
area should be elevated and immobilized.

Patients with extensive deep burns must be
evacuated to a medical facility for treatment
as rapidly as possible. Pain should be allevi-
ated and shock must be controlled before and
during evacuation.

Debris and loose clothing must be removed
from burned areas to prevent irritation while
the patient is bring treated and transported.
Clothing that sticks to a burn may be cut around
the burn and the adhering cloth allowed toremain
until it can be removed at the medical facility.
Tne area of the burn is usually sterile; therefore,
care should be taken not to contaminate it.

Chemical Burns

When acids, alkalies, or other chemicals
come in contact with the skin or other body
membranes, they may cause injuries which are
generally referred to as CHEMICAL BURNS.
For the most part, these injuries are not caused
by heat but by direct chemical destruction of the
body tissues. Chemicals which often cause this
kind of injury are acids, such as nitric acid,
sulphuric acid, hydrochloric acid.

First aid treatment for chemical burns con-
sists of the following measures:

1, WASH OFF THE CHEMICAL WHICH IS
CAUSING THE INJURY! This must be done
IMMEDIATELY. Flood the affected areas with
large amounts of water — preferably water which
is clean, fresh, and cool. The best way to get
rid of the chemical is to put the casualty under

a shower and let the water run as long as neces-
sary,

In order to make the washing process ef-
fective, you will of course have to remove all
clothing which has come in contact with the
chemical. Strip it off as quickly as possible;
or, if shears are available, cut it off.

If it is not possiblz to put the casualty under
running water, immerse the aifected areas in
the lirgest available amount of water, or pour
great quantities of water over him.

It is imporiant to use a large quantity of
water, so that the chemical will be diluted and
weakened; but you should noi apply it forcefully.
The skin and tissues which are injured by the
action of the chemical will suffer additional
damage if the water is applied with too much
force.

2. Neutralize any chemical which remains
on the skin, by the followiag applications: for
ACID burns, apply a solution of sodium bicar-
bonate (baking soda) or some other mild alkali,
DO NOT ATTEMPT TO YEUTRALIZE ANY
CHEMICAL UNLESS YOU ARE SURE THAT YOU
KNOW WHAT IT IS AWD WHAT SU_STANCE
WILL EFFECTIVELY NEUTRALIZE IT!

3. Wash the affected areas again with fresh
water, and dry gently with sterile gauze. Be
careful that you do not break the skin or open
any blisters. Take all possible precautions to
avoid infection.

4, Do whatever you can to relieve the cas-
ualty’s pain and to treat him for shock. Extensive
chemical burns, like extensive heat burns, cause
extreme pain and shock.

From this point on, it is usually safe to
treat a chemical burn as though it were a true
burn, except that petrolatum gauze should not be
applied unless you are certain a:l of the chem-
ical has been i1emoved. Get medical attention
for the casualty as soon as poscgible.

Chemical Burns of the Eye. —Chemical burns
of the eye should be treated as follows:

1, Flush the eye IMMEDIATELY with large
quantities of fresh, clean water. A drinking
fountain may be used to supply a steady stream
of water; hold the casualty’s head in position
s0 that the water flows from the INSIDE corner of
his eye toward the OUTSIDE corner. Do NOT let
the water fall directly on the eyeball, anddo NOT
use any greater force than is necessary to keep
the water flowing across the eye.

If you are not near a drinlung fountain, have
the casualty lie down with his head turned slightly
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to one side; then pour water into the INSIDE
corner of his eye and let it flow across the eye-
ball to the OUTSIDE corner. Remember that the
watermust not fall directly upon the eyeball, and
that it must not be poured with any greater
force than is necessary to sustain the flow across
the eyeball.

NOTE: Because of the intense pain, the
casualty may be unable to open his eyes.
If this occurs, you must hold the eyelids
apart so that the water can flow across
the eyehall,

Another way to wash chemical substances
from the eye is to have the casualty open and

close his eyes several times while his face ie
immersed in a pan or bucket of fresh water.

2, Cover the eye with a small, thick com-
press; fasten the compress in place with a band-
age or an eyeshield.

3. Get medical care for the casualty as soon
as possible.

CAUTION: Do not use anything except water
in treating chemical burns of the eye. Do not
attempt to neutralize the chemical which has
caused the injury. Do not apply any ointment,
grease, oil, or salve.
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CHAPTER 3
SWITCHES, PROTECTIVE DEVICES, AND CABLES

As an Interior Communications Electrician,
you will be working with sophisticated circuitry,
consisting of complex equipment, multiconductor
cabling, and a variety of switchingz and protecting
devices. The material which follows will give
you a basic understanding of the hardware
(switches, protective devices, and cable) of
interior communications. You will be able to
recognize installations, and with limited super-
vision you will be capable of installing this
hardware on board ship after studying the
material presented. Not every component used
in the Navy is covered, but rather the common
installations.

SWITCHES

A basic understanding of switches and their
uses is a necessity for the IC Electrician. The
Navy uses hundrelis of different types of
switches,

A switch may be described as a device used
for making, breaking, or changing connections
in an electrical circuit. Switches are rated in
amperes and volts; the rating refers to the
maximum allowable voltage and current of the
circuit in which the switch is to be used. Since
it is placed in series, all the circuit current will
pass through the switch; because it opens the
circuit, the applied voltage wili appear across
the switch in the open circuit position. Switch
contacts should be opened and closed quickly to
minimize arcing; therefore, switches normally
utilize a snap action.

Many types and classifications of switches
have been developed. A common designation is
by the number of poles, throws, and positions.
The number of poles indicates the number of
terminals at which current can enter the switch.
The throw of a switch signifies the number of
circuits each blade or contactor can complete
through the switch. The number of positions
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indicates the number of places at which the op-
erating device (toggle, plunger, etc.) will come
to rest.

Another means of classifying switches is
method of actuation; that is, knife, toggle, push,
or rotary. Further classification includes a de-
scription of switch action, such as on-~off, mo=-
mentary on-off, and on-momentary off.
Momentary contact switches hold a circuitclosed
or open only as long as the operator deflects the
actuating control.

KNIFE SWITCH

The knife switch (fig. 3-1) is the basic power
switch from which most 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.
3-1A), has two blades with one set of clips for
each blade and an insulated handle that operates
both  blades simultaneously. Double-throw
switches (fig. 3-1B) have two sets of clips (one
get at each end) so that the blades can be thrown

1.102

Figure 3~1. —Knife switches.
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Figure 3-2. — Toggle switches.

into either set of clips to shift from one circuit
to another.

TOGGLE SWITCH

Representative examples of toggle switches
are shown in figure 3-2, In part A is showna
single-pole, single-throw (SPST) toggle switch,
rates at 20v 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 250v and 1 ampere,
and having 3 screw terminals. One of the uses
of this switch is to turn a circuit on at one
place and to turn if 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 250v and 1 ampere.

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

ERIC B
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Figure 3-3. — Pushbutton switch,

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 20v to 600v, and
the amperage ratings range from 1 ampere to
30 amperes.

PUSHBUTTON SWITCH

The normal contact arrangement of a pushe
button switch is either ‘‘make’’ or ‘break? as
shown in figure 3-3, The make-type of switch
is usually a start switch; the break-type, a stop
switch. Either switch may be locking or non-
locking. There is alsv a break-make pushbutton
switch (not shown),

ROTARY SNAP SWITCH

The rotary snap switch (fig. 3-4) 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_a stationary member. Movable con-
tacts are mounted on a bushing and stationary
contacts are mounted on insulated discs, which
are arranged ore beneath the other in ‘‘pan-
cake’ style along the switch shaft, This type of
construction has the advantages of shockproof-
ness, compactness, flexibility of circuit ar-
rangements, and protectica 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 eventu-
ally cause a projection on the handle’s shaft to
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12.69
Figure 3-4.—Type SR rotary snap switch (10
ampere size, 1SR).

contact a projection on the operating shaft to
operate the switch. However, 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 t‘ype 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,
that is on-off); mounting style (1SR3A1 is front-
mounted, back-connected); and enclosure for
type switches (3SR4B1-3 is watertight). An ex-
ploded view of a type 6SR snap switch is illus-
trated in figure 3-5.

Most snap switches are suitable for 450-
volt, 60-hertz, 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 c¢f 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 sec-
ond, the two stationary contacts will be momen-
tarily bridged by the arc and movable blade,
causing a short circuit. Therefore, each time
a multithrow switch is to bz installed, a care-
ful check should be made on both the switch and
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140.1
Figure 3-5.— Type SR snap switch—exploded
view (60 ampere size 6SR).

the intended circuit to make sure that a switch
of the proper current and voltage ratings is
used.

PILE SWITCH

Pile switches are constructed sothat they open
or close one or more electrical circuits. The
contacts are arranged in leaf, or pileup, fashion
and may be actuated by a rotary, pushing, or
sliding motion.
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Figure 3-6. —Pile type switches,

The various basic forms of the contact ar-
rangements in pile switches are shown in figure
3-6A. These basic forms are used by themseives
or in combination to make up the contact assembly
of a pile switch. Figure 3-6B ghows a contact

used in relays, key switches, and jacks in low=
voltage signal circuits.

ROTARY SELECTOR SWITCH

assembly made by combining two*‘break-make !’
to form C, contact arrangements, This switch
is therefore designated 2C. When the armature
is moved upward by the rotary motion of the cam
lobe (fig. 3-6B), two circuits are opened and two
are closed. This type of switch is commonly
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A rotary selector switch may perform the
functions of a number of switches. As the knob
or handle of a rotary selector switch is rotated,
it opens one circuit and closes another. In figure
3-7, the contact is from A to E, If the switch is
rotated clockwise, as viewed, the circuit from
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12.68

Figure 3-7. —Rotary selector switch.

A to E is opened and the circuit from A to D is
completed, Some rotary switches have several
layers of pancakes or wafers. By means of
additional wafers, the switch can be made to
operate as several switches, Oscilloscope and
voltmeter selector switches are typical examples
of this type. These switches are more common
in civilian equipment than in military hardware.

Type J
The type J multiple rotary selector switch
(fig. 3-8) consists of an equal number of rotors

12.70

Figure 3-8.— Type J switch,
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and pancake sections, The number of sections
required in the switch is determined by the
individual application. A shaft with an operating
handle extends through the center of the rotors.
The movable contacts are mounted on the rotors,
and the stationary contacts are mounted on the
pancake sections. Each section consists of eight
contacts, designated A to H, and a rotor with
two insulated movable contacts spaced 180° apart.
Each movable contact is arranged to bridge
two adjacent stationary contacts. The switch
has eight positions. A detent mechanism
is provided for proper alignment of the contacts
in each position of the operating handle. In one
position, the rotor contacts bridge segments
A-B and E-F; in the next position, the
rotor contacts bridge segments B-C and F-G.
Diagonally opposite pairs of contacts are sub-
sequently bridged for the remaining positions.

Type JR

The type JR switch (fig. 3-9) is installed on
recent IC switchboards. This switch is smaller
in size and more rapidly disassembled than the
J switch, These features result in a saving in
switchboard space, and facilitate repairs. The
JR switch is of the 1JR, 2JR, 3JR, or 4JR
type.
The 1JR switch has only one movable con-
tact per section. This movable contact bridges
two adjacent stationary contacts.

The 2JR switch has two movable contacts
per section, 180° apart. Each movable contact
bridges two adjacent stationary contacts.
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12.711
Figure 3-9. — Type 4JR switch,

The 3JR switch utilizes one of the stationary
contacts as a common terminal. This stationary
contact is connected, in turn, to each of the
other stationary contacts of the section by a
single-wiper contact. The 3JR-type is used for
selecting one of several (up to seven) inputs,

The 4JR switch is designed as an ‘‘either or
both switch” with two movable contacts per
section. Each movable contact bridges three
adjacent stationary contacts (fig. 3-9B). This
switch is used to select either or both of two
indicators or synchros, The positions for ener-
gizing two indicators are:

90° right— both indicators energized.

45° right — indicator 1 energized only.
0° off.

45° left — indicator 2 energized only.

When the 4JR switch is in the OFF position,
both indicators are connected together, but are
disconnected from the power supply.

Q

The designations of JR switches are deter-
mined by the type of section (rotary and sta-
tionary contacts) followed by the number of
sections in the switch. For example, a 2JR10
switch denotes a JR switch with ten 2JR sections.

The JR switch is stocked in multiples of §
sections (up to 25 seccions). In some cases, a
switch with a number of sections (not a multiple
of five) has been installed. If this switch must
be rcplaced, a switch with the next largest num-
ber of sections that is a multiple of five should
be installed if space permits,

Type JR switches are rated at 120 volts, 60
hertz, and 10 amperes. The switch should not be
used on d-c circuits because of the possibility of
severely burned contacts when operated slowly
(teased). The switch is of the nonshorting type.
Although the blade bridges two adjacent contacts
simultaneously (for example, contacts 1 and 2
when the switch is operated), the blade breaks
contact 1 before making the next alternate con-
tact 3. For example, in the 2JR switch alternate
terminals may be connected to an inucpendent
source of a-c power without danger of short
circuit during movement of the switch blade.

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. Pins or screws inserted in the
stop deck immediately after the desired last
position, will limit the switch movement 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 hertz, 5§ am-
peres. Standard types are available in 3, 5, and
10 sections. The JL switch has a threaded bush-
ing for single-hole mounting.

Type JA

The JA switch (fig. 3-10) was developed pri-
marily for circuit selection in sound-powered
telephone applications, It provides a greater
number of selections and is a smaller switch
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Figure 3-10.— Type JA switch and detent mech-

anism.

than the JR switch. The JA switch is furnished
only with common rotor sections as shown in
figure 3-11. Sixteen-position and 30-position JA
switches permit selection of 16 and 30 circuits,
respectively. 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

ERIC
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Figure 3-11. — Type A switch contacts.

insulating film formc over the contacts which
is only broken down if appreciable voltage and
power are available in the circuit. However, in
sound-powered telephone circuits, there is in-
sufficient 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 beryllium copper. Silver

140.3

Figure 3-12. — Type JF switch.
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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 unsatisfactory
because it vaporizes too readily due to arcing,

The JA switch is available in 2, 6, and 10
sections. An example of the switch designation
is J A6C (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 of parentheses indicates the number of
positions.

Type JF

The JF switch (fig, 3-12), was developed
primarily to replace toggle switches in the 10
and 20 switch boxes 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 con-
tact wipe action in toggle switches and the low
voltage and current of sound-powered 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 conact surfaces and provides a 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, 3,
and 5 switching decks, which are indicated in the
type designation by the number following 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 arranging 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
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outside of the mounting bushing to give a water-
tight seal against the panel in which the switch
is mounted. These features have eliminated the
need for a watertight cover over the switch.

The JF switch is satisfactory for 120 volt,
a-c applications up to 1 ampere. It is being
used in sound-powered telephones, loudspeakers,
microphone stations, and similar low-current
equipment.

CAUTION: The switch decks are made of
molded nylon material. Be careful in soldering
the leads to the switch contacts. Too much
heat passing back to the switch deck will destroy
the switch deck or damage the insulation between
adjacent contacts.

LEVER-OPERATED SWITCH

Many types of lever-operated switches are
used in Navy alarm and warning systems to com-
plete an electric circuit to various types of
audible and visual alarm signals. The type
depends upon the circuit in which it is installed,

Most lever-operated switches utilize JR in-
teriors (fig. 3-13). These switches are operated
by a lever with suitable locking plate, In the in-
terests of standardization, two types of interiors
are available, each containing three 2JR sec-
tions. One type is the JRM-300, which has a
spring return'mechanism; and the other type is
the JR-304, which has a positive detent
mechanism. Through slightly different arrange-
ments of pins, lever, and locking plate, various
types of switches can be obtained.

140.4
Figure 3-13.—Lever-operated switch (manual
contact maker).
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Special switches are used where the stand-
ard switches cannot. For example, the diving
alarm switch on the submarine bridge must
be pressure proof. For submarine service, a
distinctive shape is used for the operating lever
knob or heads of alarm switches in conning
tower and control room (where illumination is
low) to avoid the possibility of confusion in
operating the proper switch. A square-shaped
knob is used for the diving alarm switch a
star-shaped head for the collision alarm switch,
and a standard rounded head for general alarm.

Lever-operated switches are available in
1-, 2-, and 3-ganged types. These switches
are used in such systems as the fireroom
emergency Signal, general alarm, chemical-
attack alarm, steering emergency signal, whistle

operation, lifebuoy-release, and fiight-crash
signal.
PRESSURE SWITCH

Pressure-operated  switches are nor-

mally single-pole, single-throw, yuick-acting
switches. Each contains either a bellows or a
diaphragm that works against an adjustable
spring. The spring causes the contacts to close
automatically when the operating pressure falls
below a specified value. The pressure at which
the switches operate is adjustable within ranges,
such as 0-15, 15-50, «nd 50-100. Make this
adjustinent at the screw marked, higher (fig.
3-14). These switches can be used also to
indicate an increase in pressure above a pre-
determined point.

Pressure-operated switches are used with
the lubricating oil, low-pressure alarm system;
air-pressure alarm system; and booster-feed
pressure alarm system.

THERMOSTATIC SWITCH

Thermostatic, or temperature-operated,
switches are usually single-pole, single-throw,
quick-acting, normally open switches. Each
switch contains a bellows that works against
an adjustable spring y (fig. 3-15). The spring
nauses the contacts to close automatically when
the operating temperature exceeds a specified
value. The bellows motion is produced by a
sealed-in liquid that expands with rising tem-
perature. The sensitive element containing this
liquid may be built into the switch or located
in a remote space and connected to the switch
by a capillary tube. The temperature range at
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Figure 3-14. —Pressure switch type IC/L.

which the switches operate is adjustable at x
(fig. 3-15).

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

Mechanically operatec switches are used in
many types of installations, such as wrong
direction alarms and valve-position indicators.

Widely used because of their small size and
excellent dependability, they are commonly called
Microswitches. (Microswitch is a trade name for
the switches made by the Microswitch Division
of the Minneapolis Honeywell Regulator
Company.)

These switches will open or close a circuit
with a very small movement of the tripping de-
vice. They are usually of the pushbutton variety,
and depend on one or more springs for their
snap action. For example, the heart of the Micro-
switch is a beryllium copper spring, he