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PREFACE

About this course:

This is a self-study course. By studying this course, you can improve your professional/military knowledge,
as well as prepare for the Navywide advancement-in-rate examination. It contains subject matter about day-
to-day occupational knowledge and skill requirements and includes text, tables, and illustrations to help you
understand the information. An additional important feature of this course is its reference to useful
information in other publications. The well-prepared Sailor will take the time to look up the additional
information.

History of the course:
e Apr1996: Original edition released. Authored by EMC(SW) Scottie Harris.

o Sep 2003: Administrative update released. Errata incorporated. Reviewed by
EMC(SW) Marcelito Sangalang and EMC(SW) Darryl Woodall. No change in technical content.
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CHAPTER 1

RATING INFORMATION, GENERAL SAFETY
PRACTICES, AND ADMINISTRATION

Your knowledge and skill make our modem Navy
possible. Navy training manuals (TRAMANSs) help you
develop your technical skills. By learning the
information in this manual and gaining practical
experience on the job, you will prepare yourself for a
successful and rewarding Navy career. The Navy’s
training system helps you learn the duties of the next
higher grade in your rating. To advance in rate, you
must demonstrate your performance on the job. You
must master the required skills and compete in
Navywide advancement exams for the next higher
paygrade.

LEARNING OBJECTIVES

Upon completion of this chapter, you should be able
to do the following:

1. Identify various NECs of the EM rating.

2. Recognize the purpose of blueprints and
drawings.

3. Recognize the basic safety requirements for
working with electricity.

4. Identify the safety procedures to follow when
working on or with various tools, equipment,
and machinery.

5. Identify various sources of information about
safety.

6. Identify basic first-aid procedures to use on
electrical shock victims.

7. Recognize the purpose of the Navy’s Hearing
Conservation and Noise Abatement, Heat
Stress, and Hazardous Material programs.

8. Identify various warning tags, signs, and plates.

9. Recognize the purpose for equipment tag-out
procedures.

10. Identify the standard organization of

engineering departments aboard ship.

11. Recognize the responsibilities of various

personnel in the engineering department.
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12. Identify the use and stages of a counseling

session.

13. Recognize the need for training within the

division, the department and the command.

14. Recognize the purpose of training forms and
records and identify their use to track and

monitor training.

THE ELECTRICIAN’S
MATE RATING

As an Electrician’s Mate (EM) you work with
motors, generators, power and lighting distribution
systems, and a wide variety of test equipment. Your
training for the EM rates includes electronics and
electrical theory, fundamentals of motor and generator
operation, alarms, sensors, and other electrical
equipment. To do your job, you use handtools and
electrical measuring equipment to troubleshoot
electrical systems. Also, you use blueprints and
schematic diagrams to understand the performance of
an electrical circuit.

The EM rating is a general rating and is not divided
into service ratings. An example of a service rating is
the Gas Turbine Systems Technician (GS). The rating
is divided into two service ratings-the GSE, who
maintains the electrical support equipment, and the
GSM, who maintains the mechanical or turbine portion
of the system.

The EM rating is geared to shipboard duties;
therefore, there are EMs on most naval vessels. Ashore,
EMs may work in their rating in a repair facility or as
an instructor. Sometimes, EMs work outside their rating
in a duty such as shore patrol or recruiting.

The requirements for advancement are outlined in
the Manual of Navy Enlisted Manpower and Personnel
Classifications and Occupational Standards,
NAVPERS 18068. By meeting these requirements, an
EM assigned to any ship in the fleet is qualified to
perform all assigned duties. Some ships have special
equipment, such as complex degaussing systems on
minesweepers. On this type of equipment, EMs require



special training. A Navy Enlisted Classification (NEC)
coding system identifies the personnel who have this
special training.

NAVY ENLISTED CLASSIFICATION
CODES (NECs)

What you can do is indicated by your rate.
However, it does not show any of your special skills
within or outside your rating. NECs show specific
qualifications that are not shown by the rate designation.
The NEC identifies special qualifications by using a
four-digit number. The qualification considered the
most important is identified by the first code number.
The qualification of secondary importance is shown by
the second code number. You get NECs by completing
special on-the-job training (OJT) or through the
successful completion of a class “C” school.

Some of the NECs that maybe assigned to qualified
EMs are as follows:

EM— 4613 IMA Outside Electrical Journeyman
EM— 4615 Electric Motor Rewinder

EM— 4632 Auxiliaries Electrical System Tech-
nician

EM— 4666 Minesweeping Electrician

EM— 4668 and 4669 Unrep Electrical Component
Maintenanceman

EM— 4671 Shipboard Elevator Electronic/Elec-
trical System Maintenance Technician

EM— 4672 Steam Catapult Electrician

EM— 4673 Lamps Mk III Rast/Hrs Electrical Main-
tenanceman

EM— 4707 Machinery Systems Console Mainte-
nance Technician

QUALIFICATIONS FOR ADVANCEMENT

Advancement is important. Many rewards of Navy
life come through the advancement system. Some
rewards are easy to see-more pay, more interesting and
challenging job assignments, and greater respect from
officers and enlisted personnel. Also, you enjoy the
satisfaction of getting ahead in your chosen Navy career.

As an EM, you perform both military and
professional duties. The military requirements and
professional qualifications for all ratings of the Navy are
listed in NAVPERS 18068.
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SOURCES OF INFORMATION

No single publication can give you all the
information you need to perform the duties of your rate.
You should learn where to look for accurate, up-to-date
information on all subjects related to the military
requirements for advancement and the professional
qualifications of your rating.

Some of the publications described here change
from time to time. When using any publication that is
subject to change or revision, be sure you have the latest
edition.

You cannot depend on printed material alone.
Much of your learning comes from watching
experienced personnel and practicing your skills.

Naval Education and Training Publications

The Naval Education and Training Program
Management Support Activity (NETPMSA) produces
TRAMANS and NRTCs. These are used as references
and for advancement purposes. NETPMSA also
produces the Bibliography for Advancement Study,
NAVEDTRA 12052.

Navy Training Manuals

The TRAMANS will help you gain the knowledge
you need to do your job and to advance. Some
TRAMANS share general information, and personnel in
many ratings use them. Others, such as the EM, are
specific to a particular rating.

You can tell whether a TRAMAN is the latest
edition by checking the NAVEDTRA number. The
letter following the number is the most recent edition of
the TRAMAN, and it is listed in the Catalog of
Nonresident Training Courses, NAVEDTRA 12061.

Navy Electricity and Electronics
Training Series

Personnel in many electrical- and electronic-related
Navy ratings use the Navy Electricity and Electronics
Training series (NEWS). NEETS gives beginners
fundamental electrical and electronic concepts through
a self-study method NEETS material is not oriented to
any specific rating structure.

The NEETS series is divided into modules that
contain related information organized in traditional
paths of instruction. Modules 1 through 20 provide a
training package within the broad fields of electricity



and electronics. Module 21 presents general
information on the fundamental concepts of test
methods and practices. Module 22 gives an
introduction into microcomputers.

DEPARTMENT OF THE NAVY
INFORMATION PROGRAM
REGULATION

The Department of the Navy Information and
Personnel Security Program Regulation, OPNAVINST
5510.1, is the basic directive for administering the
Information Security Program throughout the
Department of the Navy (DON). The program ensures
the protection of official DON information that relates
to national security. It also provides the necessary
instructions and policy guidance for the DON. The
Standard Organization and Regulations of the U.S.
Navy also contains basic information for the ship’s
security practices.

TECHNICAL MANUALS

Much of your work is routine; however, you always
face new problems and need to lookup information to
solve them. The engineering legroom on your ship
should contain a comprehensive technical library. The
books in this library are primarily for the engineer
officer’s use, but you will have occasion to use them.
You can find manufacturers’ technical manuals for most
of the equipment in the ship in the legroom library.
These technical manuals are a valuable source of
information on maintenance instructions, overhaul
instructions, inspection procedures, parts lists,
illustrations, and diagrams.

The “encyclopedia” of Navy engineering, Naval
Ships’ Technical Manual (NSTM), contains the latest
accepted engineering practices. The NSTM is a
publication of the Naval Sea Systems Command
(NAVSEA). The NSTM provides technical information
that helps fleet personnel manage ships, shipboard
machinery, and equipment to achieve optimum
performance and readiness for any assigned mission.

PERIODICALS

Periodicals are publications such as magazines and
newsletters published at stated intervals. In the Navy,
most periodicals serve as training and public relations
media; that is, they instruct and build morale.
Periodicals explain policy, outline the functions of
various units, discuss current happenings, and
frequently respond to questions and complaints. In the

following paragraphs, you will learn about periodicals
that should be of interest to you.

The periodical Deckplate is published by NAVSEA.
It has useful articles on all aspects of shipboard
engineering. It supplements and clarifies information
contained in the Naval Ship’s Technical Manual and
presents information on new developments.

The periodical Fathom (surface ship and submarine
safety review), published quarterly by the Naval Safety
Center, provides accurate and current information on
nautical accident prevention

The Electronics information Bulletin (EIB) is
published biweekly by NAVSEA. Articles in the EIB
contain advance information on field changes,
installation techniques, maintenance notes, beneficial
suggestions, and technical manual distribution. Articles
of lasting interest are included in the Electronics
Installation and Maintenance Book (EIMB). The
EIMB is a single-source reference document of
maintenance and repair policies, installation practices,
and overall electronics equipment and material-
handling procedures. The EIMB is used to implement
the major policies found in the NSTM, chapter 400.

BLUEPRINTS AND DRAWINGS

Blueprints are reproduced copies of mechanical,
electrical, or other types of technical drawings. Navy
electrical prints are used by the EM to install, maintain,
and repair shipboard electrical equipment and systems.

To interpret shipboard electrical prints, you must be
able to recognize the graphic symbols for electrical
diagrams and the equipment symbols for electrical
wiring. For information on blueprint reading and
drawings, refer to Blueprint Reading and Sketching,
NAVEDTRA 10077-F1.

SAFETY AND THE ELECTRICIAN’S
MATE RATING

The material discussed next stresses the importance
of electrical and general safety precautions. The two
main purposes of safety are to protect personnel and to
ensure that unwanted equipment operations do not
occur. You have the responsibility to recognize unsafe
conditions and to take appropriate actions to correct any
discrepancies. You must always follow safety
precautions when working on equipment or operating
machinery. Preventing accidents that are avoidable will
help you in the Navy and possibly determine whether or
not you survive.



Besides studying the information on safety
described throughout this manual, you should read and
have knowledge of the information on safety in the
following publications:

® Naval Ships’ Technical Manual, chapters 300,
330, 400, and 491

® Standard Organization and Regulations of the
U. S. Navy, OPNAVINST 3120.32

® Navy Occupational Safety and Health
(NAVOSH) Program Manual for Forces Afloat,
OPNAVINST 5100.19

® Hearing and Noise Abatement, chapter 18,
“Hearing Conservation and Noise Abatement,”
OPNAVINST 5100.23

® Standard First Aid Training Course,
NAVEDTRA 12081

SAFETY RESPONSIBILITIES

Safety standards and regulations are for the
prevention of injury and damage to equipment. You are
responsible for understanding and following safety
standards and regulations. As an individual, you have a
responsibility to yourself and to your shipmates to do
your part in preventing mishaps. As a petty officer, you
need to set a good example. You cannot ignore safety
regulations and expect others to follow them.

Personnel should always obey the following safety
practices:

® Obey all posted operating instructions and safety
precautions.

® Report any unsafe condition or any equipment or
material you think might be unsafe.

® Warn others of hazards or of their failure to
follow safety precautions.

* Wear or use approved protective clothing or
protective equipment.

® Report any injury or evidence of impaired health
that occurs during your work or duty to your
supervisor.

® Exercise reasonable caution as appropriate to the
situation if an emergency or other unforseen
hazardous condition occurs.
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¢ Inspect equipment and associated attachments
for damage before using the equipment. Be sure
the equipment is right for the job.

Personnel working around energized electric
circuits and equipment must obey safety precautions.
Injury may result from electric shock. Short circuits can
occur by accidentally placing or dropping a metal tool,
flashlight case, or other conducting article across an
energized line. These short circuits can cause an arc or
fire, even on low-voltage circuits. Extensive damage to
equipment and serious injury to personnel may result.

ELECTRIC SHOCK HAZARDS
AND PRECAUTIONS

If you don’t recognize hazardous conditions or take
precautions, you could get an electric shock. You must
recognize hazardous conditions and take immediate
action to correct any discrepancy noted Plates, posters,
signs, or instructions (fig. 1-1), placed in conspicuous
areas, guide personnel in the safe operation or handling
of equipment, components, systems, or material.
Warning signs (red) and caution signs (yellow) are
placed in areas where known hazardous conditions
exist, or could exist. Hazardous areas include those that
are wet, oily, or electrical spaces.

The resistance of the human body is low. Therefore,
it can’t be relied on to prevent fatal shock if a person
comes into contact with voltages of 115 volts or even
lower. When the skin is damp, body resistance can be
as low as 300 ohms. If the skin is broken, body
resistance can be as low as 100 ohms.

The following are general guidelines for the effect
of shocks from 60-Hz ac systems:

¢ 1 milliampere (0.001 A)-Shock is felt.

®* 10 milliamperes (0.01 A)—A person may be
unable to let go.

® 100 milliamperes (0.1 A)-Shock may be fatal if
it lasts for one second or more.

The danger of shock from 450-volt ac ship’s service
systems is recognized by shipboard personnel. Yet,
there are reports of personnel receiving a serious shock
from this voltage source. Most shipboard fatalities
caused by electrocution are caused by contact with
115-volt circuits. Regard all electrical energy as
dangerous. Shipboard conditions are particularly
favorable to severe shock because the body may contact
the ship’s metal structure and body resistance maybe
low because of perspiration or damp clothing.



Regardless of
your rank, rate
or position...the
safety chain is
only as strong
as its weakest
link.

Figure 1-1.—Safety posters.
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If you don’'t know
where the eyewash
station is located,

at least know where
to find a
Seeing Eye dog.
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If it's bigger than both of you...

GET HELP'

Your best
safety device
is exactly
nine inches

above
your

shoulders.

Use it.

Figure 1-1.—Safety posters—Continued.
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The following safety practices will help you avoid
receiving an electric shock

®* Keep your clothing, hands, and feet dry if
possible.

® When you work in a wet or damp location, use a
dry, wooden platform to sit or stand on.

¢ Place rubber matting or other nonconductive
material between you and the wood surface.

®* When you work on exposed electrical
equipment, use insulated tools and a nonmetallic
flashlight.

LIVE CIRCUITS

The safest practice to follow when you maintain or
repair electrical and electronic equipment is to
de-energized all power supplies. However, there are
times when you can’t do this because de-energizing the
circuits isn’t desirable or possible. For example, in an
emergency (damage control) condition or when
de-energizing one or more circuits would seriously
affect the operating of vital equipment or jeopardize the
safety of personnel, circuits aren’t de-energized. No
work may be done on energized circuits before
obtaining the approval of the commanding officer.
When working on live or hot circuits, you must be
supervised and aware of the danger involved. The
precautions you must take to insulate yourself from
ground and to ensure your safety include the following
actions:

Provide insulating barriers between the work and
the live metal parts.

¢ Provide ample lighting in the immediate area.

e Cover the surrounding grounded metal with a dry
insulating material, such as wood, rubber
matting, canvas, or phenolic. his material must
be dry, free of holes and imbedded metal, and
large enough to give you enough working room.

¢ Coat metallic hand tools with plastisol or cover
them with two layers of rubber or vinyl plastic
tape, half-lapped. Insulate the tool handle and
other exposed parts as practical.

NOTE: Refer to Naval Ships’ Technical
Manual, chapter 631, for instructions on the use of
plastisol. If you don’t have enough time to apply
plastisol or tape, cover the tool handles and their
exposed parts with cambric sleeving, synthetic resin
flexible tubing, or suitable insulation from scraps of
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electric cables; however, do this only in an emergency
situation.

* Do not wear a wristwatch, rings, other metal
objects, or loose clothing that could become
caught in live circuits or metal parts.

® Wear dry shoes and clothing, and ALWAYS wear
a face shield.

® Tighten the connections of removable test leads
on portable meters. When checking live circuits,
NEVER allow the adjacent end of an energized

test lead to become unplugged from the meter.

®* Ensure a person qualified to give
mouth-to-mouth resuscitation and cardiac
massage for electric shock is in the immediate

area.

®* Ensure a person who is knowledgeable of the
system is standing by to de-energize the
equipment.

® Tie a rope around the worker’s waist to pull him
or her free if he or she comes in contact with a
live circuit.

®* Work with one hand only; wear a rubber glove
on the other hand. (Where work permits, wear
gloves on both hands.)

LEAKAGE CURRENTS

The ungrounded electrical distribution system used
aboard ship differs from the grounded system used in
shore installations. Never touch one conductor of the
ungrounded shipboard system, because each
conductor and the electrical equipment connected to
it have an effective capacitance to ground. If you
touch the conductor, you will be the electrical current
path between the conductor and the ship’s hull. The
higher the capacitance, the greater the current flow will
be for your fixed body resistance. This situation occurs
when one conductor of the ungrounded system is
touched while your body is in contact with the ship’s
hull or other metal enclosures. If your hands are wet or
sweaty, your body resistance is low. When your body
resistance is low, the inherent capacitance is enough to
cause a FATAL electrical current to pass through your
body.



As you read the following sections on ungrounded
systems, look at figure 1-2.

A Perfect Ungrounded System

A perfect ungrounded system (fig. 1-2, view A)
exists under the following conditions:

e The insulation is perfect on all cables,
switchboards, circuit breakers, generators, and
load equipment.

e There aren’t any filter capacitors connected
between ground and the conductors.

e The system equipment or cables don’t have any
inherent capacitance to ground.

If these conditions are met, there would be no path
for electrical current to flow from any of the system
conductors to ground.

Look at figure 1-2, view A. Here you can see that
if a person touches a live conductor while standing on
the deck, no completed path exists for current to flow
from the conductor through the person’s body. No
electric shock would occur.

However, shipboard electrical power distribution

systems don’t and can’t meet the definition of a
PERFECT ungrounded system.

Real Ungrounded Systems

In a shipboard real ungrounded system (fig. 1-2,
view B) additional factors (resistance [R] and
capacitance [C]) must be considered. Some of these are
not visible.

When combined in parallel, the resistances form the
insulation resistance of the system that is periodically
measured with a 500-volt dc Megger. Look at figure
1-2, view B. Here, you can see that there’s a generator
insulation resistance, an electric cable insulation
resistance, and a load insulation resistance. The
resistors cannot be seen as physical parts, but represent
small current paths through equipment and cable
electrical insulation. The higher the resists.rw, the
better the system is insulated; therefore, less current will
flow between the conductor and ground.
Representative values of a large operating system can
vary widely, depending on the size of the ship and the
number of electrical circuits connected.

Figure 1-2, view B, also shows the capacitance of
the generator to ground, the capacitance of the
distribution cable to ground, and the capacitance of the
load equipment to ground. As before, these
capacitances cannot be seen, since they are not actually
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physical parts, but are an inherent part of the design of
electrical equipment and cable.

Several factors determine the value of the
capacitance generated between the conductor and
ground: the radius of the conductor, the distance
between the conductor and the bulkhead, the dielectric
constant of the material between the two, and the length
of the cable. Similar capacitance exists between the
generator winding and ground and between various
load equipment and ground.

Ideally, capacitors have an infinite impedance to
direct current; therefore, their presence can’t be detected
by a Megger or insulation resistance test. In addition to
the nonvisible system capacitance, typical shipboard
electrical systems contain radio frequency interference
(RFI) filters that contain capacitors connected from the
conductors to ground. These falters may be apart of the
load equipment, or they may mount separately. To
reduce interference to communications equipment,
filters are used.

Look at figure 1-2, view C. If physical contact is
made between cable B and ground current will flow
from the generator through the person’s body to ground
and back through the system resistances and
capacitances to cable A. This current flow completes
the electrical circuit back to the generator and presents
a serious shock hazard.

Suppose you are using a Megger to check for ground
in this system, and you get a reading of 50,000 ohms
resistance. You can conclude that no low-resistance
ground exists. However, don’t assume that the system
is a perfect ungrounded system without checking the
circuit further. Don’t forget the system capacitance that
exists in parallel with the resistance.

Remember, never touch a live conductor of any
electrical system, grounded or ungrounded. Make
insulation resistance tests to ensure the system will
operate properly, not to make the system safe. High
insulation readings in a Megger test do not make the
system safe-nothing does.

SHOCK-MOUNTED EQUIPMENT

Normally on steel-hulled vessels, grounds are
provided because the metal cases or frames of the
equipment are in contact with one another and the
vessel’s hull. In some installations grounds are not
provided by the mounting arrangements, such as
insulated shock mounts. In this case, a suitable ground
connection must be provided.
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Figure 1-2—DANGEROUS! BEWARE! Shipboard ungrounded electrical distribution systems are DEADLY.




CAUTION

Before disconnecting a ground strap on
equipment supported by shock mounts,
ensure the equipment is DE-ENERGIZED
and a DANGER/RED tag is installed

If the grounding strap is broken and the
equipment cannot be de-energized, use a
voltmeter from the equipment to ground to
ensure that no voltage is present.

Maintenance of grounding cables or straps consists
of the following preventive procedures:

¢ (Clean all strap-and-clamp type of connectors

periodically to ensure that all direct
metal-to-metal contacts are free from foreign
matter.

Replace any faulty, rusted, or otherwise unfit
grounding straps, clamps, connections, or parts
between the equipment and the ship’s hull.

When replacing a grounding strap, clean the
metallic contact surfaces and establish electrical
continuity between the equipment and the ship’s
hull. Check continuity with an ohmmeter (the
reading must be 1 ohm or less).

Recheck to ensure the connection is securely
fastened with the correct mounting hardware.

If a voltage is present, and the equipment cannot
be de-energized, you must wear electrical rubber
gloves and use a rubber mat while replacing the
grounding strap.

SWITCHBOARDS AND SWITCHGEARS

Safety precautions, operating instructions, wiring
diagrams, and artificial respiration/ventilation
instructions must be posted near the switchboards and
switchgears. DANGER HIGH VOLTAGE signs must
be posted on and/or near switchboards, switchgears, and
their access doors.

SWITCHBOARD METERS AND
INSTRUMENT TRANSFORMERS

When removing or installing switchboard and
control panel meters and instrument transformers, you
need to be extremely careful to avoid electric shock to
yourself and damage to the transformers and meters.
Some of the precautions you should follow when
working around switchboard meters and instrument
transformers include the following:
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Short-circuit the secondary of a current
transformer before you disconnect the meter. An
extremely high voltage buildup could be fatal to
unwary maintenance personnel.

Open the primary of a potential transformer
before you remove the meter to prevent damage
to the primary circuit due to high circulating currents.

In most installations potential transformer
primaries are fused, and the transformer and
associated meter can be removed after you pull
the fuses for the transformer. When disconnect-
ing the transformer and meter leads, avoid con-
tact with nearby energized leads and terminals.

SAFETY SHORTING PROBE

Before you start working on de-energized circuits
that have capacitors installed, you must discharge the
capacitors with a safety shorting probe (fig. 1-3). When
using a safety shorting probe, first connect the test clip
to a good ground to make contact. If necessary, scrape
the paint off the metal surface. Then hold the safety
shorting probe by the handle and touch the probe end of
the shorting rod to the points to be shorted. The probe
end can be hooked over the part or terminal to provide
for a constant connection to ground. Never touch any
metal parts of the shorting probe while grounding
circuits or components.

It pays to be safe—use the safety shorting probe
with care

NOTE: Capacitors not electrically connected to the
chassis ground must have their terminals shorted
together to discharge them by the use of a shorting probe.

HAND TOOLS

Hand tools include all electric-, electronic-,
pneumatic-, and hydraulic-powered equipment used in
the repair, maintenance, calibration, or testing of other
shipboard equipment. Handtools can either be installed
in a fixed location or portable. You probably have seen
some dangerous practices in the use of hand tools that
could have been avoided One unsafe practice involves
the use of handtools with plastic or wooden handles that
are cracked, chipped, splintered, broken, or
unserviceable. Do not use these tools.

PORTABLE ELECTRIC-POWERED
TOOLS

Portable, electric-powered tools should be clean,
properly oiled, and in good operating condition. Before



INSTRUCTIONS FOR USE

 OANGER AREAE

1. INSURE EQUIPMENT TO BE DISCHARGED IS DEENERGIZED AND TAGGED.
2. CONNECT ELECTRICAL CLIP, TO SOLIO GROUND.
3. TOUCH PROBE TIP TO CIRCUIT UNTIL DISCHARGED.
4. USE PROBE ONLY ON CIRCUITS WHERE VOLTAGE CAPACITANCE

FALLS WITHIN SAFE AREA INDICATED BELOW.

\30' LENGTH BARE, FLEXIBLE, BRAIDED,

TO EXCLUDE FOREIGN MATTER
AND PREVENT INCORRECT
ASSEMBLY INSTALL 1/4™ X 20
NYLON SCREW.

(FOR EXTENSION HANDLE)

30" LENGTH TRANSPARENY
INSULATION

TUBULAR, COPPER WIRE.

NOTE: FOR CONSTRUCTION DETAILS REFER
TO NAVSEA DWG. NO. 5,003,000A.

Figure 1-3.—Approved safety shorting probe.

portable electric equipment is issued, it should be
visually examined. The parts to be looked at include the
attached cable with plug (including extension cords),
making sure it is in satisfactory condition according to
prescribed PMS instructions. Any cable that has tears,
chafing, or exposed conductors, and any plug that has
damage should be promptly replaced.

You should use an approved tool tester or
multimeter to test portable electrical equipment with its
associated extension cord connected. When using the
multimeter to check continuity of the ground conductor
from the tool case to the dummy receptacle, you should
make sure the meter reading is less than 1 ohm. With
the multimeter still connected between the tool case and
ground, bend or flex the cable. The resistance must be
1 ohm or less. If the resistance varies, you might have
broken conductors in the cord or loose connections.

Other safe practices in the use of portable
electric-power tools include the following:
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® Before you use a tool, inspect the tool cord and
plug. Don’t use a tool with a frayed cord or with
a damaged or broken plug. Never use spliced
cables, except in an emergency.

® Before using a tool, arrange the portable cables
so you and others will not trip over them. The
length of extension cords used with portable tools
should not exceed 25 feet. Extension cords of
100 feet are authorized on flight and hangar
decks. Extension cords of 100 feet are also found
in damage control lockers, and labeled FOR
EMERGENCY USE ONLY.

® Don’t use jury-rigged extension cords that have
metal handy boxes on the receptacle ends of the
cord. All extension cords must have
nonconductive plugs and receptacle housings.

®* When using an extension cord with a portable
electric tool, always plug the tool into the



extension cord before you insert the extension
cord plug into a live receptacle.

After using the tool, unplug the extension cord
from the live receptacle before you unplug the
tool cord from the extension cord. Do not unplug
the cords by yanking on them. Always remove
the plug by grasping the plug body.

When using portable electric tools, always wear
rubber gloves and eye protection.

If you notice a defect, return the tool to the ship’s
tool issue room (TIR).

When tools produce hazardous noise levels, wear
hearing protection.

Another good practice to establish (at the discretion
of the commanding officer) is to list the portable
equipment that requires testing more or less often than
once a month, depending on conditions in the ship.
Where PMS is installed, tests should be conducted
following the maintenance requirement cards (MRCs).

ELECTRIC SOLDERING IRONS

When using and handling an electric soldering iron,
you can avoid burns or electric shock by taking the
following precautions:

Grasp and hold the iron by its handle. Always
assume a soldering iron is hot, whether it is
plugged in or not. Never use an iron that has a
frayed cord, damaged plug, or no safety
inspection tag.

Hold small soldering workplaces with pliers or a
suitable clamping device. Never hold the work
in your hand.

Always place the heated iron in its stand or on a
metal surface to prevent fires or equipment damage.

Clean the iron by wiping it across a piece of
canvas placed on a suitable surface. Don’t hold
the cloth in your hand. Don’t swing the iron
to remove excess hot solder. Swinging the iron
could cause a fire in combustible materials or
burn other personnel in the area.

Before soldering electrical or electronic
equipment, make sure it is disconnected from its
power supply.

After soldering, disconnect the iron from its
power supply. Let it cool before you store it.
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ISOLATED RECEPTACLE CIRCUITS

Isolated receptacle circuits are installed on all new
construction ships. These circuits are individually
isolated from the main power distribution system by
isolation transformers. Each circuit is limited to 1,500
feet in length to reduce the capacitance to an acceptable
level. This design is intended to limit ground leakage
currents to 10 mA, which would produce a nonlethal
shock. These receptacles are located where personnel
usually plug in electric-power tools or appliances. To
maintain a safe level of leakage currents, make sure the
isolated receptacle circuits are free of all resistance grounds.

TEST EQUIPMENT

Test equipment is precision equipment that must be
handled with care if it is to perform its designed
functions accurately. Some hazards to avoid when
using test equipment include rough handling, moisture,
and dust.

Rough handling includes bumping or dropping
equipment. Bumping or dropping test instruments may
distort the calibration of the meter or short-circuit the
elements of an electron tube within the instrument.

Moisture effects are minimized in some types of
electronic test equipment, such as signal generators and
oscilloscopes, by built-in heaters. Operate these heaters
for several minutes before applying the high voltage to
the equipment.

The meter is the most delicate part of test
equipment. You should protect a meter by making sure
the amplitude of the input signal being tested is within
the range of the meter.

Since the moving coils of the meter in electric test
equipment are of the limited-current type, they can be
permanently damaged by excessive current. When
using test equipment, you should observe the following
safety precautions and procedures:

* Never place a meter near a strong magnetic field.

Whenever possible, make the connections when
the circuit is de-energized.

When connecting an ammeter, current coil of a
wattmeter, or other current-measuring device,
always connect the coils in series with the
load-never across the line.

To measure a circuit, the potential coil of a
wattmeter, or other instrument, connect the
voltmeter across the line.



Extend wires attached to an instrument over the
back of the workbench or worktable on which the
instrument is placed, and away from
observers —never over the front of the

e Only authorized maintenance personnel having
proper approval should be permitted to gain
access to enclosures, connect test equipment, or
test energized circuits or equipment.

workbench. ® (Circuits should be de-energized and checked for
continuity or resistance, rather than energized

Pl fol loth h
ace a mat or folded cloth under the test and checked for voltage at various points.

instrument when used in high-vibration areas.

®* When a circuit or a piece of equipment is
energized, never service, adjust, or work on it
alone.

Remember that interlocks aren’t always
provided and, even when provided, they don’t
always work. Removing the case or rear cover

of an instrument not equipped with an interlock INSULATING AND PROTECTIVE

allows access to circuits carrying voltages EQUIPMENT

dangerous to human life.

Insulated workbenches and decks and the use of
rubber gloves are just a few of the requirements for
with the high-voltage supply energized. personnel protection. The amount and type of personal
protective equipment used is dictated by the type of
work being performed and the area in which it is located.

Don’t change tubes or adjust inside equipment

Under certain conditions, dangerous potentials
may exist in circuits. With the power controls in
the off position, capacitors can still keep their WORKBENCHES

charge. To avoid electric shock, always As an EM, you test and repair equipment on a

de-energize the circuit, discharge the capacitors, workbench in the electric shop. You must make sure
and ground the circuit before working on it. your workbench is properly insulated. Figure 1-4 shows

83A11404, BACK PANEL
& SHELF Y

TABLE ASSEMBLY

———— 63A1141J2, CABINET ASSEMBLY

CABINET ASSEMBLY NSN 1N6625-00-851-2156
CABINET BASE ASSEMBLY * NSN 1N8825-00-851-2157
BACK PANEL ASSEMBLY NSN 1N6625-00-851-2158
AUXIIARY TABLE ASSEMBLY * NSN 1N8625-00-851-2150
ELECTRICAL DISTRIBUTION BOX  NSN 1N88-10-00-838-8026
B3A114D3, BASE ASSEMBLY ASSEMBLY -
KEY = NOT PART OF DESIGN ANO CPTIONAL FOR USE WITH NEW CABINET
ASSEMBLY.
A— X5 BENELUX 401 PROVIOES 4" ELEVATION AND TOE SPACE. REQUIRED FOR SHORE
B— 1/8° LAMINATE BASE INSTALLATIONS ONLY.

** OPTIONAL WITH SHPSOARL:) INSTALLATIONS.

Figure 1-4.—A typical electric workbench.
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the construction features of a safe electric or electronic
workbench. The work surface, or top, is usually 30
inches wide and 4 feet long. The bench must be secured
to the deck.

Where electrical vinyl sheet deck covering is not
used, matting is installed over the minimum area (not
less than 3 feet wide) to prevent electric shock.
Additionally, a rubber matting 3 feet wide is installed to
insulate the walkway in front of insulated workbenches
where electrical grade vinyl sheet is not specified.

The top of the working surface of an electric or
electronic workbench must be insulated with 3/8-inch
Benelex 401. All other surfaces should be covered with
1/8-inch laminate, including kneeholes under auxiliary
worktables and bulkheads or other hull structures or
equipment attached to the hull that are within 3 feet of

WIRE TYPE LSSGA-75
STUD
TERMINAL LUG JAM NUT
HEX NUT
X LOCKWASHER
DECK = ¢ HEX NUT
1/8v
7 /
DETAILS OF WORKBENCH GROUND 1/16v

the workbench. The inside of drawers and cabinets need
not be insulated as they should be left closed while
working on energized circuits or equipment. Don’t
defeat the purpose of the insulation by attaching vises,
locks, hasps, hinges, or other hardware with metal
through bolts to the metal parts of the workbench. When
mounting hardware items, insulate them from the
workbench.

The workbench must have type D, size 10
grounding leads that are at least 54 inches in length
according to MIL-W-16878 (fig. 1-5). The ground leads
must be secured to the ship’s structure or at the back of
the workbench and must be equipped at the free end with
a So-ampere power clip (type PC) and insulated sleeving
(both conforming to Federal Specification W-C-440).
One grounding lead should be installed for every 4 feet
of workbench length to ensure positive grounding of the

- - — —

WIRE TYPE D-10

INSULATING SLEEVE

SERVIT POSTS

L

METAL PORTION

'
TO ANOTHER
WORKBENCH

= —

TERMINAL LUG

:

TO ANOTHER
WORKBENCH

7ANPOO11

\

GROUND CABLE
TO DECK

Figure 1-5.—Installation of grounding cable for electric workbench.



equipment being tested. The grounding leads installed
in ships with wooden hulls should be the same as those
installed in ships with steel 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 roils, must be used for the main internal
grounding wire.

Test bench receptacle panels should be installed on
test benches where power at various voltages and
frequencies (other than ship’s service) are needed for
testing equipment.

The illumination requirements vary between those
for general-purpose workbenches and workbenches for
the repair of instruments, such as typewriters and meters.

A dummy outlet is installed near the workbench to
check the grounding conductor on portable tools before
they are issued

Workbench receptacle connectors should not
supply other types of loads. AU receptacles on the
workbench must be connected to a common or an
individual isolation transformer. The transformer must
be either 450/120-volt supplied from a 450-volt load
center or a 120/120-volt supplied from a 120-volt
distribution point.

General Specifications for the Overhaul of Surface
Ships (1991), Section 320, requires that a means of
disconnecting power be provided in the compartment in
which the workbenches are installed. Distribution
panels, when installed in the same compartment as the

DANGER

ELECTRICAL SHOCK

DO NOT TOUCH
ENERGIZED CIRCUITS

TINPOO12

Figure 1-6.—Danger sign to he posted near electric
workbench.
workbenches, satisfy this requirement. The disconnect
switch must not be located on the workbench. The safe
place to install the disconnect switch is away from the
bench, between the entrance to the space and the bench.

The required safety signs for a workbench must
conform with General Specifications for the Overhaul
of Surface Ships (GSO), Section 665. Signs that must
be posted include the following:

® The sign shown in figure 1-6 must be posted near
each workbench. This sign must be reproduced
locally on 0.05-inch aluminum engraved with red
enamel letters.

A sign giving artificial respiration instructions
(NSN 0177-LF-226-3400) must also be posted.

A sign showing an approved method to rescue
personnel (fig. 1-7) in contact with energized
circuits. This sign is locally produced.
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1. SHUT OFF THE HIGH VOLTAGE.

IF THE HIGH VOLTAGE CANNOT

FOLLOWING PRECAUTIONS:

INSTRUCTIONS FOR RESCUING PERSONNEL
IN CONTACT WITH ENERGIZED CIRCUITS

WARNING

[ DO NOT ATTEMPT TO ADMINISTER FIRST AID OR
COME IN PHYSICAL CONTACT WITH AN ELECTRICAL
SHOCK VICTIM BEFORE THE HIGH VOLTAGE IS CUT
OFF OR, IF THE HIGH VOLTAGE CANNOCT BE TURNED

OFF IMMEDIATELY. BEFORE THE VICTIM HAS BEEN
REMOVED FROM THE CONDUCTOR.

CANNOT BE TURNED OFF, USE A WELL INSULATED
AXE TO CUT THE HIGH VOLTAGE WIRE.

REMOVE THE VICTIM IMMEDIATELY, OBSERVING THE

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 ARTIFICAIL RESPIRATION.

316
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Figure 1-7.—Instructions for rescuing personnel in contact with energized circuits.
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DECK MATTING

An insulating deck covering prevents electric shock
to anyone who may touch bare, energized, ungrounded
circuits. You must use approved rubber floor matting in
electrical and electronic spaces to eliminate accidents
and afford maximum protection from electric shock.
NSTM, chapter 634, table 634-1, gives approved deck
Accident
investigations often show that the floors around

coverings for every space in your ship.

electrical and electronic equipment had been covered
only with general-purpose black rubber matting. The
electrical characteristics of this type of matting do not
provide adequate insulation to protect against electric
shock. There are various types of electrical grade mats
or sheet coverings conforming to Military Specification
Mil-M-15562 that meet the requirements.

To ensure that the matting is completely safe, you
must promptly remove from the matting surfaces all
foreign substances that could contaminate or impair its
dielectric properties.

Th dielectric properties of matting can be impaired
or destroyed by oil, imbedded metal chips, cracks, holes,
or other defects. If the matting is defective, cover the
affected area with a new piece of matting. Cementing
the matting to the deck is not required, but is strongly
recommended This prevents removal of the mat for
inspection and cleaning, which would leave the area
unprotected. If the mat is not cemented, stencil an
outline of the proposed mat on the deck. Inside the mat
outline, stencil “ELECTRIC-GRADE MAT
REQUIRED WITHIN MARKED LINES.” Use

3/4-inch or larger letters.

Electrical insulating deck covering should be
installed so there are no seams within 3 feet of an
electrical hazard. Where this is not possible,
thermoplastic deck coverings, such as vinyl sheet
manufactured by Lonseal, Inc., should be fused
chemically, heat welded, or heat fused with a special hot
air gun. With rubber deck coverings, fusing with heat
is not possible. A 3- or 4-inch wide strip of #51
Scotchrap 20-mil thick Polyvinyl Chloride (PVC) tape
(manufactured by Minnesota Mining and
Manufacturing Company) should be installed beneath
the seam. You also may use a 1-foot wide strip of
electrical grade deck covering under either rubber- or
vinyl-type coverings (instead of heat welding vinyl).
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RUBBER GLOVES

There are four classes of rubber insulating gloves.
The primary feature being the wall thickness of the
gloves and their maximum safe voltage, which is
identified by a color label on the glove sleeve. Use only
rubber insulating gloves marked with a color label.
Table 1-1 contains the maximum safe use voltage and
label colors for insulating gloves approved for Navy use.

Before using rubber gloves, carefully inspect them
for damage or deterioration. To inspect robber gloves
for tears, snags, punctures, or leaks that are not obvious,
hold the glove downward, grasp the glove cuff, and flip
the glove upward to trap air inside the glove. Roll or
fold the cuff to seal the trapped air inside. Then squeeze
the inflated glove and inspect it for damage. For
additional information on rubber gloves, refer to Naval
Ships’ Technical Manual, chapter 300.

ELECTRICAL FIRES

When at sea, fire aboard a Navy vessel is more fatal
and damaging to both personnel and the ship itself than
damage from battle. The time to learn this is as soon as
you report aboard. The Navy requires that all hands must
be damage control qualified within 6 months after
reporting aboard. You must learn the types of
fire-fighting equipment, their location, and their
operating procedures. It is too late after the fire has
started.

FIGHTING AN ELECTRICAL FIRE

Use the following general procedures for fighting
an electrical fire:

1. Promptly de-energize the circuit or equipment
affected. Shift the operation to a standby circuit
or equipment, if possible.

2. Sound an alarm according to station regulations
or the ship’s fire bill. When ashore, inform the
Table 1-1.—Rubber Gloves
Class | Maximum Safe Voltage | Label Color
0 1,000 Volts Red
I 7,500 Volts White
1T 17,500 Volts Yellow
111 26,500 Volts Green




fire department; if afloat, inform the officer of
the deck. Give the location of the fire and state
what is burning. If possible, report the extent of
the fire; that is, what its effects are upon the
surrounding area.

3. Secure all ventilation by closing compartment
air vents or windows.
4. Attack the fire with portable CO,extinguishers

(or a CO,hose reel system, if available) as
follows:

e Remove the locking pin from the release

valve.

Grasp the horn handle by the insulated
(thermal) grip (the grip is insulated against
possible frostbite of the hand).

Squeeze the release lever (or turn the wheel)
to open the valve and release the carbon
dioxide. At the same time, direct the discharge
flow of the carbon dioxide toward the base of
the fire.

Aim and move the horn of the extinguisher
slowly from side to side.

Don’t stop the discharge from the extinguisher
too soon. When the fire has been
extinguished, coat the critical surface areas
involved with carbon dioxide “snow” to cool
the substances (fuels) involved and prevent a
rekindling of the fire.

e Don’t lose positive control of the CO,bottle.

EXTINGUISHERS

Fire extinguishers of the proper type must be
conveniently located near all equipment that is subject
to fire danger, especially high-voltage equipment. Be
extremely careful when using fire-extinguishing
agents around electrical circuits. A stream of salt
water or foam directed against an energized circuit can
conduct current and shock the fire fighters. The same
danger is present, but to a lesser degree, when using
fresh water. Avoid prolonged exposure to high
concentrations of CO,in confined spaces since there is
danger of suffocation unless an oxygen breathing
apparatus (OBA) is used.

Look at table 1-2, which contains a list of the types
of fire extinguishers that are normally available for use.
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Table 1-2.—Types of Fire Extinguishers

EXTINGUISHER USE

CO2 Gas Effective on any type of fire,

particularly electrical fires.

Very effective on Class B fires.
Not recommended for electrical
fires because it causes corrosion
of electrical and electronics

components.

Potassium
Bicarbonate

(PKP)

Soda-Acid Effective only on Class A fires.
Not recommended for electrical
fires, as the compound is a good
conductor of electricity. Not
effective on burning compounds,

such as oil and the likes.

Foam Very effective on burning
compounds, such as oil and
similar materials. Not
satisfactory for electrical fires, as
the compound is a good

conductor of electricity.

Effective on all classes of fire
except Class D. Itis a colorless,
odorless gas that does not
conduct electricity or leave a
residue.

Halon 1301

REPAIR PARTY
ELECTRICIAN

As a repair party electrician, you maybe directed to
perform various tasks if battle damage occurs. These
tasks could range from donning an OBA to being a
stretcher bearer. Your primary responsibilities,
however, will be those tasks in your rating.

You must be familiar with all electrical power
sources and distribution panels in your assigned repair
party area. In the event of a free, the on-scene leader will
decide whether or not to secure the power. If the word
is passed to you to secure the power to a specific
compartment or piece of equipment, do so quickly so
the task of putting out the fire can be expedited.

When general quarters (GQ) sounds, the crew will
proceed to GQ stations and set material condition Zebra.
After Zebra is set, you must report to your repair party
leader for muster and wait for further instructions. By
this time the repair locker should be opened, and you



should take an inventory of all the electrical equipment
in the locker. This equipment will usually consist of
items such as an electrical repair kit, floodlights,
flashlights with spare batteries, a submersible pump,
casualty power cables and wrenches, extension cords,
rubber gloves, and rubber boots. After testing all the
electrical equipment to ensure it is functional and safe,
stow it in an easily accessible area.

All members of the repair party are responsible for
rigging casualty power and tying it to the overhead. The
repair party electrician is responsible for proper
connection to the biscuits (from load to source) and
energizing the system. Follow standard safety
precautions, wear rubber gloves and rubber boots, and
stand on a section of rubber matting while making these

connections.

Tag the casualty power cable at various locations.
Remember, you need to warn all hands of the potential
danger that exists. A typical warning sign is shown in
figure 1-8.

RESCUE AND FIRST
AID

The EM’s job is risky even under the best working
conditions. Although accidents are preventable, you run
a good chance of getting shocked, burned, and being
exposed to one or more of the hazards described earlier.
If you are at the scene of an accident, you will be

expected to help the victim as quickly as possible.

- HIGH _
VOLTAGE

71NPOO14

Figure 1-8.—DANGER HIGH VOLTAGE sign.
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RESCUE

When a victim is unconscious because of an electric
shock, you should start artificial resuscitation as soon as
possible. Statistics show that 7 out of 10 victims are
revived when artificial resuscitation is started in less
than 3 minutes after the shock. Beyond 3 minutes, the
chances of revival decrease rapidly. The person nearest
the victim should start artificial resuscitation without
delay, and call or send others for help and medical aid.

Before starting artificial resuscitation, free the
victim from contact with electricity y in the quickest,
safest way. (NOTE: This step must be done with
extreme care; otherwise, there may be two victims
instead of one.)

If the contact is with a portable electric tool, light,
appliance, equipment, or portable extension
cord, turn off the bulkhead supply switch or
remove the plug from its bulkhead receptacle.

If the switch or bulkhead receptacle cannot be
quickly located, the suspected electric device
may be pulled free of the victim by grasping the
insulated flexible cable to the device and
carefully withdrawing it clear of its contact with
the victim. Other persons arriving on the scene
must be clearly warned not to touch the suspected
equipment until it is unplugged. Aid should be
enlisted to unplug the device as soon as possible.

If the victim is in contact with stationary
equipment (fig. 1-9), such as a bus bar or
electrical connections, pull the victim free if the
equipment cannot be quickly de-energized or the
ship’s operations or survival prevent immediate
securing of the circuits. To save time in pulling
the victim free, improvise a protective insulation
for the rescuer. For example, instead of hunting
for a pair of rubber gloves to use in grasping the
victim, you can safely pull the victim free (if
conditions are dry) by grasping the victim’s slack
clothing, leather shoes, or by using your belt.
Instead of trying to locate a rubber mat to stand
on, use nonconducting materials, such as deck
linoleum, a pillow, a blanket, a mattress, dry
wood, or a coil of rope.

NOTE: During the rescue, never let any part of
your body directly touch the hull, metal structure,
furniture, or victim’s skin.
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Figure 1-9.—Pushing a victim away from a power line.

RESUSCITATION

Methods of resuscitating or reviving an electric
shock victim include artificial respiration/ventilation (to
reestablish breathing) and external heart massage (to
reestablish heart beat and blood circulation).

Artificial Ventilation

A person who stopped breathing is not necessarily
dead but is in immediate critical danger. Life depends
on oxygen that is breathed into the lungs and then carried
by the blood to every cell. Since body cells cannot store
oxygen, and since the blood can hold only a limited
amount (and only for a short time), death will result from
continued lack of breathing.

The heart may continue to beat and the blood may
still be circulated to the body cells for some time after
breathing has stopped. Since the blood will, for a short
time, contain a small supply of oxygen, the body cells
will not die immediately. Thus, for a very few minutes,
there is some chance that the person’s life maybe saved.
A person who has stopped breathing but who is still alive
is said to be in a state of respiratory failure. The first-aid
treatment for respiratory failure is called artificial
ventilation.

The purpose of artificial ventilation is to provide a
method of air exchange until natural breathing is
reestablished. Artificial ventilation should be given
only when natural breathing has stopped; it must NOT
be given to any person who is still breathing. Do not
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assume that breathing has stopped merely because a
person is unconscious or because a person has been
rescued from an electrical shock. Remember, DO NOT
GIVE ARTIFICIAL VENTILATION TO A PERSON
WHO IS BREATHING NATURALLY. There are two
methods of giving artificial ventilation: mouth-to-
mouth and mouth-to-nose.

For additional information on performing artificial
ventilation, refer to Standard First Aid Training Course,
NAVEDTRA 12081.

Cardiopulmonary Resuscitation

A rescuer who knows how to give cardiopulmonary
resuscitation (CPR) increases the chances of a victim’s
survival. CPR consists of artificial ventilations and
external heart compressions. The lungs are ventilated
by the mouth-to-mouth or mouth-to-nose techniques;
the compressions are performed by pressing the chest
with the heel of your hands. ‘he victim should be lying
face upon a firm surface. The procedure forgiving CPR
is given in figure 1-10.

WARNING

CPR should not be attempted by a
rescuer who has not been properly trained.

One-Rescuer Technique

The rescuer must not assume that an arrest has
occurred solely because the victim is lying on the deck
and looks unconscious. First, try to arouse the victim
by gently shaking the shoulders and try to get a response;
loudly ask, “Are you OK?” If there is no response, place
the victim face upon a firm surface. Kneel at a right
angle to the victim, and open the airway, using the head
tilt-neck lift or the jaw thrust methods previously
discussed. Look for chest movements. Listen and feel
for air coming from the nose or mouth for at least 5
seconds. If the pulse is absent, call for help and begin
CPR.

Locate the lower margin of the victim’s rib cage on
the side closest to you by using your middle and index
fingers. Then move your fingers up along the edge of
the rib cage to the notch (xiphoid process) where the ribs
meet the sternum in the center of the lower chest. Place
the middle finger on the notch, and place the index finger
next to it. Place the heel of the other hand along the
midline of the sternum, next to the index finger. You
must keep the heel of your hand off the xiphoid process



1. CHECK FOR UNRESPONSIVENESS

8. TAP OR GENTLY SHAKE VICTIM
b. SHOUT, "ARE YOU OK?”

6. CHECK FOR PULSE

a. MAINTAIN HEAD-TILT WITH ONE HAND ON
FOREHEAD

b. LOCATE ADAM'S APPLE WITH MIDOLE AND
INDEX FINGERS OF HAND CLOSER TO
VICTIM'S FEET.

¢. IF NO RESPONSE SHOUT, "HELP"
2. OPEN THE AIRWAY (USE HEAD-TILT/CHIN-LIFT)

3 PLACE ONE HAND-THE ONE NEARER THE

VICTIM'S HEAD-ON VICTIM'S FOREHEAD © SUIDE FINGERS DOWN INTO GROOVE OF
b. PLACE 2 FINGERS OF OTHER HAND UNDER NECK ON SIDE CLOSER TO YOU.
BONY PART OF LOWER JAW NEAR CHIN d. FEEL FOR CAROTID PULSE FOR 5 TO 10

SECONDS.

¢. TILT HEAD AND LIFT JAW. AVOID CLOSING e SAY, "NO BREATHING ANO NO PULSE.*

VICTIM'S MOUTH. AVOID PUSHING ON SOFT
PARTS UNDER CHIN.

AT

3. CHECK FOR BREATHING (IS BREATHING §. PHONE EMS FOR MELP
PRESENT?) a TELL SOMEONE TO CALL FOR AN
a. MAINTAIN OPEN AIRWAY WITH HEAD-TILT/ AMBULANCE,
CHINLIFT b. SAY. "NO BREATHING, NO PULSE. CALL
b. PLACE YOUR EAR OVER VICTIM'S MOUTH " (LOCAL EMERGENCY NUMBER
AND NOSE. OR OPERATOR )

c. LOOK AT CHEST. LISTEN AND FEEL FOR
BREATHING FOR 3 TO 5 SECONDS.

T T T ARy Y

7. DO COMFPRESSIONWDBREATHING CYCLES

a. LOCATE LOWER MARGIN OF RiB CAGE AND
MOVE FINGERS TO THE NOTCH WHERE RIBS
MEET THE BREAST BONE.

b. PUT MIDOLE FINGER OVER NOTCH AND PUT
INDEX FINGER NEXT TO IT. PUT HEEL OF OTHER
HANO NEXT TO THE INDEX FINGER OVER THE
STERNUM.

O AME ATUCEH LIAMO NI TAD INTED ANT Citar
L FLALE VITIER FWINY WU TUT, IV TERLAVE FINGERS

4]

4. GIVE 2FULL BREATHS TO KEEP FINGERS OFF THE CHEST.
* &.‘:’S';‘r OPEN AIRWAY WITH HEAD-TILT/ d. BEGIN 4 CYCLES OF 15 COMPRESSIONS AND
b. PINCH NOSE SHUT. 2 BREATHS
¢ OPEN YOUR MOUTH WIDE, TAKE A DEEP e. RECHECK PULSE AND RESPIRATIONS.
BREATH, AND MAKE A LIGHT SEAL AROUND f. IF NO PULSE, CONTINUE COMPRESSIONS AND
THE OUTSIDE OF THE VICTIM'S MOUTH, VENTILATIONS.

¢ GIVE 2 FULL BREATHS. EACH BREATH
SHOULD LAST 1 TO 1 172 SECONDS. PAUSE
BETWEEN EACH BREATH FOR YOU TO TAKE
A BREATH,

e. LOOK FOR THE CHEST TO RISE AND FALL.

VIOTOM AMIN COTY FAD COMADILY ALY
LIOIEN AND MOl T VUT COA/YITYO AR

TN L VN
. N, L
UEhAL ¥ A

SENPOOBT

Figure 1-10.—Instructions for administering CPR.

(fig. 1-11). A fracture in this area could lacerate the fingers or extend them straight out, and KEEP THEM

liver. OFF THE VICTIM’S CHEST! See figure 1-12.
Place the heel of one hand directly on the lower half With the elbows locked, apply vertical pressure
of the sternum, two fingers up from the notch, and the straight down to depress the sternum (adult) from 1 1/2

heel of the other on top of the first hand. Interlock your to 2 inches. Then release the pressure, keeping the heels
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POSITION OF HANDS

S5NPO0BS

Figure 1-11.—Xiphoid process.

of the hands in place on the chest. This process
compresses the heart between the sternum and the
victim’s back, thus pumping blood to the vital parts of
the body.

If you use the proper technique, a more effective
compression will result, and you will feel less fatigue.
Ineffective compression occurs when the elbows are not
locked, the rescuer is not directly over the sternum, or
the hands are improperly placed on the sternum.

When one rescuer performs CPR, the ratio of
compressions to ventilations is 15 to 2. It is performed
at a rate of 80 to 100 compressions per minute. Vocalize
“one, and two, and three,” and so on, until you reach 15.

SSNPOO13

Figure 1-12.—Interlocking fingers to help keep fingers ON the
chest Wall.
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After 15 compressions, you must give the victim 2
ventilations. Continue for four full cycles of 15
compressions and 2 ventilations. Then take 5 seconds
to check for the carotid pulse and spontaneous
breathing. If there are still no signs of recovery,
continue CPR. If a periodic check reveals a return of
puke and respiration, stop CPR. Closely watch the
victim’s puke and respirations, and be prepared to start
CPR again if required If a pulse is present but no
respiration, continue to give the victim one ventilation

every 5 seconds and check the pulse frequently.

Let’s review the steps for one-rescuer CPR:

1. Determine whether the victim is conscious.

2. Open the airway (it may be necessary to remove
the airway obstruction).

3. Link, listen, and feel.

4. Ventilate two times.

5. Check the pulse—if none, call for help.

6. Begin the compression-ventilation ratio of 15 to
2 for four complete cycles.

7. Check again for a pulse and breathing. If no

change, continue the compression-ventilation
ratio of 15 to 2 until the victim is responsive,
until you are properly relieved, until you can no
longer continue because of exhaustion or until
the victim is pronounced dead by a medical
officer. For additional information refer to
Standard First Aid Training Course,
NAVEDTRA 12081.



WOUNDS

A wound or breaking of the skin, is another problem
that could arise, and in some instances, could be the
result of an electric shock. An EM could accidentally
come in contact with an energized circuit, causing a loss
of balance. This could result in a minor or serious injury.
Because you could be in a critical situation to save
someone’s life, or even your own, you should know the
basics of first aid and the control of bleeding.

WOUND OF FACE
(BELOW EYES)

>

4D

WOUND OF SHOULDER
OR UPPER ARM

WOUND OF LOWER
PART OF UPPER ARM
AND ELBOW

OF HAND

WOUND OF
THIGH

WOUND OF
FOOT

There are many classifications of wounds, but we
will discuss only the three common types.

Abrasions. Abrasions are made when the skin is
rubbed or scraped off. Rope burns, floor burns, and
skinned knees or elbows are common examples of
abrasions. There is usually minimal bleeding or oozing
of clear fluid.

Incisions. Incisions, commonly called cuts, are
wounds made with sharp instruments such as knives,

WOUND OF TEMPLE
OR SCALP

WOUND OF
NECK

F
WOUND OF

LOWER ARM

P
</

WOUND OF
THIGH

&)
g

H

u

WOUND OF
LOWER LEG

S5NVM003. PCX Jd

Figure 1-13.—Pressure points for control of bleeding.



razors, or broken glass. Incisions tend to bleed very

freely because the blood vessels are cut straight across.

Lacerations. Lacerations are wounds that are tom,
rather than cut. They have ragged, irregular edges and
masses of tom tissue underneath. Lacerations are
usually made by blunt forces, rather than sharp objects.
They are often complicated by crushing of the tissues as
well.

For additional information on first aid, refer to the
Standard First Aid Training Course, NAVEDTRA
12081.

BLEEDING

You should use the direct-pressure method to
control bleeding. Use a compress made with a clean rag,
handkerchief, or towel to apply direct pressure to the
wound. If the direct-pressure method does not stop the
bleeding, use the pressure point (fig. 1-1 3) nearest the
wound.

Use a tourniquet on an injured limb only as a last
resort; for example, if the control of hemorrhaging
cannot be stopped by other means. Apply a tourniquet
above the wound (towards the trunk) and as close to the
wound as practical.

Any long, flat material can be used as a band for a
tourniquet—belts, stockings, flat strips of rubber, or a
neckerchief. Only tighten the tourniquet enough to stop
the flow of blood. Use a marker pencil, crayon, or blood

and mark a large T on the victim’s forehead to alert
medical personnel that the patient has a tourniquet.

WARNING

Remember, use a tourniquet as a last
resort to control bleeding that cannot be
controlled by other means. Tourniquets
should be removed by medical personnel
only.

BURNS

The principal dangers from burns are shock and
infection. Direct all casualty care measures toward
combating shock, relieving pain, and preventing
infection.

Classification of Burns

Burns may be classified according to their cause as
thermal, chemical, or electrical.

Thermal burns. A thermal burn is the direct result
of heat caused by fire, scalding, sun, or an explosion.

Chemical burns. A chemical burn is caused by
chemical action, such as battery acid on the skin.

Electrical burns. An electrical burn is caused by
electrical current passing through tissue or the
superficial wound caused by electrical flash.

Bums are also classified as first, second, or third
degree, based on the depth of skin damage (fig. 1-14).

FIRST DEGREE
PARTIAL THICKNESS

SECOND DEGREE
PARTIAL THICKNESS FULL THICKNESS

THIRD DEGREE

Figure 1-14.—First-, second-, and third-degree burns.
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First-degree burns. A first-degree burn is the
mildest. Symptoms are reddening of the skin and mild
pain.

Second-degree burns. A second-degree burn is
more serious. Symptoms include blistering of the skin,
severe pain, some dehydration, and possible shock.

Third-degree burns. A third-degree burn is
characterized by complete destruction of the skin with
charring and cooking of the deeper tissues. This is the
most serious type of burn. It produces a deep state of
shock and causes more permanent damage. It is usually
not as painful as a second-degree burn because the
sensory nerve endings are destroyed.

Burn Emergency Treatment

The degree of the burn, as well as the skin area
involved, determines the procedures used in the
treatment of burns. Large skin areas require a different
approach than small areas. To estimate the amount of
skin area affected, use the rule of nines (fig. 1-15).

As a guideline, burns exceeding 20 percent of the
body surface endanger life. Burns covering more than
30 percent of the body surface are usually fatal.

If time and facilities permit caring for patients with
supeficial burns, clean the burned area with soap and

Figure 1-15.—Rule of nines.

1-24

water. Apply a simple sterile dressing of fine-mesh, dry
gauze over the area to protect it from infection. Casualty
treatment for first-degree burns needs little attention
beyond self-care.

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

The loss of body fluids is the main factor in burn
shock. If the patient is conscious, able to swallow, and
has no internal injuries, you can give the patient frequent
small amounts of coffee, tea, fruit juice, or sugar water.

To enable trained personnel to determine the kind
of treatment required, no not apply medication to burns
during emergency treatment. Pain is closely associated
with 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 also helps if not too much force is used. In electric
shock cases, burns may have to be ignored temporarily
while the patient is being revived.

After treating the patient for pain and shock, apply
a compress and bandage to protect the burned area. If
a universal protective dressing is not available, use a
fine-mesh gauze. Remove constricting articles of
clothing and ornaments, and immobilize and elevate the
burned area.

Evacuate patients with extensive deep burns to a
medical facility for treatment as rapidly as possible.
Pain should be alleviated and shock must be controlled
before and during evacuation.

Clothing that sticks to a burn maybe cut around the
burn and the adhering cloth allowed to remain until
removed by medical personnel. The area of the burn is
usually sterile; therefore, be careful not to contaminate
it.

HEARING CONSERVATION AND
NOISE ABATEMENT

Historically, hearing loss has been recognized as an
occupational hazard related to certain trades such as
blacksmithing and boilermaking. Modem technology
has extended the risk to many other activities, such as
those where presses, forging hammers, grinders, saws,
internal combustion engines, or similar high-speed,
high-energy processes are used. Exposure to
high-intensity noise occurs as a result of either impulse
or blast noise (gunfire or rocket fire) and from



continuous or intermittent sounds, jet or propeller
aircraft, marine engines, and machinery.

Hearing loss has been and continues to be a source
of concern within the Navy. Hearing loss attributed to
occupational exposure to hazardous noise, the high cost
of related compensation claims, and the resulting drop
in productivity and efficiency have highlighted a
significant problem that requires considerable attention.
The goal of the Navy Hearing Conservation and Noise
Abatement Program is to prevent occupational
noise-related hearing loss among Navy personnel. The
program includes the following elements:

e Work environments are surveyed to identify
potentially hazardous noise levels and personnel
at risk.

If environments contain or equipment produces
potentially hazardous noises, they should be
modified to reduce the noise to acceptable levels.
Where engineering controls are not feasible,
administrative controls and/or the use of hearing
protection devices are employed.

Periodic hearing testing is conducted to monitor
the program.

e Educating Navy personnel in hearing
conservation programs is vital to the overall
success.

HEARING TESTING

All personnel required to work in designated noise
hazard areas or with equipment that produces sound
levels greater than 84 decibels (dB) or 140 dB
sound/pressure levels are entered in the hearing testing
program. The hearing testing program includes a
reference hearing test and monitored hearing tests.

Reference (Base Line) Hearing Test

All military personnel should receive a reference
hearing test upon entry into naval service. his test is
called the base line.

Monitored Hearing Tests

If a person works in a noise hazard area, a hearing
test is conducted within 90 days of reporting and
repeated at least annually. Hearing tests are conducted
when there are individual complaints or difficulties in
understanding conversational speech or a sensation of
ringing in the ears. The 90-day or annual audiogram is
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compared to the reference (base line) to determine if a
hearing threshold shift has occurred.

HEARING PROTECTIVE DEVICES

All personnel must wear hearing protective devices
when they must enter or work in an area with noise
levels greater than 84 dB. There are many types of
hearing protection—inserts of numerous styles
(earplugs) and circumaurals (earmuffs).

Single hearing protection. Single hearing
protection is required when in areas where the noise
level is above 84 dB.

Double hearing protection. Double hearing
protection is required when the noise level is 104 dB or
higher.

IDENTIFYING AND LABELING
OF NOISE AREAS

Industrial hygienists use a noise level meter to
identify noise hazardous areas. All noise hazardous
areas are labeled using a HAZARDOUS NOISE
WARNING decal (fig. 1-16). Post this decal at all
accesses.

You will find further information on hearing
conservation in OPNAVINST 5100.23.

HEAT STRESS PROGRAM

Heat stress is any combination of air temperature,
thermal radiation, humidity, airflow, and workload that

HAZARDOUS NOISE
MAY CAUSE
HEARING LOSS

e

SSNVMO06

EAR PROTECTION REQUIRED

Figure 1-16.—Hazardous noise warning decal.




may stress the human body as it attempts to regulate its
temperature. Heat stress becomes excessive when your
body’s capability to adjust to heat is exceeded. This
condition produces fatigue, severe headaches, nausea,
and poor physical and/or mental performance.
Prolonged exposure to heat stress could cause you to
have heatstroke or heat exhaustion.

Primary factors that increase heat stress conditions
include the following:

® Excessive steam and water leaks

® Boiler air casing leaks

Missing or deteriorated lagging on steam piping
and machinery

Ventilation systems ductwork clogged or an
inoperative fan motor

¢ Ships operating in hot or humid climates

Dry-bulb thermometers are used to determine the
heat stress conditions in areas of concern. Permanently
mounted dry-bulb thermometers are installed at watch
stations. Readings should be taken and recorded at least
once a watch period. When the reading exceeds 100°F,
a heat survey must be ordered to determine the safe stay
time for personnel.

The heat survey is taken with a wet-bulb globe
temperature (WBGT) meter. Then, these readings are
compared to the physiological heat exposure limits
(PHEL) chart. After comparing the readings with the
PHEL chart, the safe stay time for personnel can be
determined.

Refer to OPNAVINST 5100.19 for further
information on the heat stress program and procedures.

HAZARDOUS MATERIALS

Hazardous materials include anything that may
pose a substantial hazard to human health or to the
environment because of their quantity, concentration, or
physical or chemical characteristics when purposefully
or accidentally spilled. Hazardous materials include
flammable and combustible materials, toxic materials,
corrosives, oxidizers, aerosols, and compressed gases.
his section covers aerosols, paints and varnishes,
cleaning solvents, steel wool and emery paper,
cathode-ray tubes, and radioactive electron tubes.

Hazardous Material Control and Management,
OPNAVINST 4110.2, and Navy Occupational Safety
and Health (NAVOSH) Program Manual for Forces
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Afloat, OPNAVINST 5100.19, provide requirements for
handling, storage, and disposal of hazardous materials.

AEROSOL DISPENSERS

If personnel deviate from or ignore procedures
prescribed for selecting, applying, storing, or disposing
of aerosol dispensers, they have been poisoned, burned,
or have suffered other physical injury. Material Safety
Data Sheets (MSDSs) contain specific precautions and
safe practices for handling aerosol dispensers. You can
get MSDSs from your supervisor. However, you can
guard against poisoning, fire, explosion, pressure, and
other hazards associated with aerosols by regarding all
aerosols as flammable. You can prevent an injury or
hazard by the following basic rules:

Poisoning. All areas where people use aerosols
require adequate ventilation. Ventilation is critical if the
aerosol is toxic or flammable. Exhaust ventilation is
needed to remove harmful vapors, or additional supply
ventilation to dilute vapors to a safe level. When
ventilation is inadequate or absent, you must wear
respiratory protection.

Chemical Burns. Avoid spraying your hands, arms,
face, or other exposed parts of the body. Some liquid
sprays are strong enough to burn the skin, while milder
sprays may cause rashes.

Fire. Keep aerosol dispensers away from direct
sunlight, heaters, and other sources of heat. Do not store
dispensers in an area where the temperature can exceed
the limit printed on the container. Do not spray volatile
substances on warm or energized equipment.

Explosion. Do not puncture an aerosol dispenser.
Discard used dispensers in approved waste receptacles
that will not be emptied into an incinerator.

PAINTS AND VARNISHES

You must take special precautions when removing
paint from or repainting electrical equipment. In
general, avoid removing paint from electrical
equipment. If scraping or chipping tools are used on
electrical equipment, insulation and delicate parts can
be damaged. Furthermore, paint dust is composed of
abrasive and semiconducting materials that impair the
insulation. When paint must be scraped, cover all
electrical equipment, such as generators, switchboards,
motors, and controllers to prevent entrance of the paint
dust. After removing paint from electrical equipment,
thoroughly clean it, preferably with a vacuum cleaner.



Repaint electrical equipment only when necessary
to prevent corrosion due to lack of paint. Paint only the
affected areas. General repainting of electrical
equipment or enclosures for electrical equipment only
to improve their appearance is not desirable. Never
apply paint to any insulating surfaces in electrical
equipment. DO NOT PAINT OVER IDENTIFICA-
TION PLATES.

Apply electrical insulating varnish to equipment
only as necessary. Frequent applications of insulating
varnish build up a heavy coating that may interfere with
heat dissipation and develop surface cracks. Do not
apply insulating varnish to dirty or moist insulation; the
varnish will seal in the dirt and moisture and make future
cleaning impossible.

The two types of insulating varnishes commonly
used in the Navy are clear baking varnish (grade CB)
and clear air-drying varnish (grade CA). Grade CB is
the preferred g