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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the Navy.
Remember, however, this self-study course is only one part of the total Navy training program. Practical
experience, schools, selected reading, and your desire to succeed are also necessary to successfully round
out a fully meaningful training program.

COURSE OVERVIEW: In completing this nonresident training course, you will demonstrate an
understanding of course materials by correctly answering questions on the following: safety; ship repair;
woodworking cuts and joints; small boat repair and deck coverings; tools and equipment; metallurgy;
introduction to cutting and welding; oxyacetylene cutting and welding; brazing and braze welding; metal-are
welding and cutting; nondestructive tests and inspection of welds; sheet metal layout and fabrication;
structural steel fabrication; shop mathematics; piping systems; piping system repairs; and sewage systems.

THE COURSE: This self-study course is organized into subject matter areas, each containing learning
objectives to help you determine what you should learn along with text and illustrations to help you
understand the information. The subject matter reflects day-to-day requirements and experiences of
personnel in the rating or skill area. It also reflects guidance provided by Enlisted Community Managers
(ECMs) and other senior personnel, technical references, instructions, etc., and either the occupational or
naval standards, which are listed in the Manual of Navy Enlisted Manpower Personnel Classifications
and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you understand the
material in the text.

VALUE: In completing this course, you will improve your military and professional knowledge.
Importantly, it can also help you study for the Navy-wide advancement in rate examination. If you are
studying and discover a reference in the text to another publication for further information, look it up.
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CHAPTER 1

SAFETY

LEARNING OBJECTIVES

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

starts with you.

electrical welding equipment.

solvents.

tools, equipment, and machinery.

hotwork operations.

operations.

programs.

Identify the basic safety requirements, and how the role of responsibility

Identify various sources of information regarding safety.
Identify various warning signs, placards, tags, and labels.

Describe the safety precautions to be followed when working on or with
Describe the safety procedures to follow when working with chemicals and
Describe the safety procedures to follow when working on or with various
Describe the safety procedure, and precautions to follow before and after
Describe the safety procedures to follow when performing cutting
Describe the Navy's Hearing Conservation and Noise Abatement

Describe the Navy's Heat Stress Control Program.

INTRODUCTION

It is Navy policy to provide a safe and healthy
work place for al personnel. These conditions can be
ensured through an aggressive and comprehensive
occupationa safety and health program fully endorsed
by the Secretary of the Navy and implemented through
the appropriate chain of command. Safety begins with
you.

The materia discussed in this chapter stresses the
importance of observing standard safety precautions and
procedures. As a Hull Technician, you will be working
with different types of equipment, such as electrical
welding equipment. All electrical equipment is
hazardous; therefore, all safety precautions must be

strictly observed. The primary goals of an effective
safety program are to protect personnel and material
and to ensure that unsafe equipment operations do not
occur. As a petty officer or chief petty officer, you have
the responsibility to recognize unsafe conditions and to
take appropriate actions to correct any discrepancies.

A number of safety precautions that are likely to
concern HTs at one time or another are listed in this
chapter. You need to observe all of these precautions.
The purpose of this chapter is not to teach safety but to
stress emphatically to all personnel that to work safely
and to be safety conscious at al timesis as much a part
of their trade as may be any of its finer secrets or skills
and to keep forever in mind, in the execution of their
duties, this one simple slogan: WORK SAFELY.



SAFETY RESPONSIBILITIES

All individuals have the responsibility to understand
and observe safety standards and regulations that are
established for the prevention of injury to themselves
and other people and damage to property and
equipment. As an individual, you have a responsibility
to yourself and to your shipmates to do your part in
preventing mishaps. As a petty officer or chief petty
officer, you have the responsibility of setting a good
example; you cannot ignore safety regulations and
expect others to follow them.

Personnel should always observe the following
safety practices:

® Observe al posted operating instructions and
safety precautions.

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

Warn others of hazards and the consegquences
of their failing to observe 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 in the event of an emergency or
other unforseen hazardous conditions.

Inspect equipment and associated attachments
for damage before using the equipment. Be sure
the equipment is suited for the job.

Lessons learned from many industrial mishaps that
have been investigated and studied have been compiled
into easily understandable booklets and pamphlets
published to propagate and market safety awareness and
familiarity with various rules and regulations. Also,
many safety devices and aides of al types have been
developed to save lives and to provide a means for
avoiding mishaps. However, al of the safety literature,
devices, or aides that have been developed thus far and
those that will be developed in the future can only help
the one rea instrument of safety play its part. That one
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real instrument of safety is a careful and

safety-conscious worker.

All personnel should make it a habit to observe the
following “ten commandments of safety.”

1. LEARN the safe way to do your job before you
start.

2. THINK safety and ACT safely at all times.

3. OBEY safety rules and regulations—they are
for your protection.

4. WEAR proper clothing and personal protective
equipment (PPE).

5. CONDUCT vyourself properly at all
times—horseplay is prohibited.

6. OPERATE only the equipment you are
authorized to use.

7. INSPECT tools and equipment for safe
condition before starting work.

8. ADVISE your superior promptly of any unsafe
conditions or practice.

9. REPORT any injury immediately to your
superior.

10. SUPPORT your safety program and take an
active part in safety meetings.

In addition to these rules, there are other good work
habits that will help you perform your job more
efficiently as well as safely.

Remember: Mishaps seldom just happen; they are
caused. Another point to remember is to never let
familiarity breed contempt. Most mishaps could have
been prevented had the individuals involved heeded the
appropriate safety precautions. Preventing mishaps that
are avoidable will help you in the Navy and possibly
determine whether or not you survive.

PROMOTING SAFETY

Promoting safety will require you to become safety
conscious to the point that you automatically consider
safety in every job or operation. By safety reminders



and your personal example, you pass this safety
consciousness on to other personnel.

ENFORCING SAFETY

Safety precautions, as al rules, laws, or regulations,
must be enforced. It isyour duty to take appropriate
action any time you see someone disregarding a safety
precaution. Y ou should ensure that al jobs are done
according to applicable safety precautions.

Doing a job the safe way in some cases may take
alittle longer or be alittle more inconvenient, however,
there is no doubt as to the importance of doing it this

way.

SOURCES OF SAFETY
INFORMATION

To be an effective petty officer and supervisor, you
should become familiar with the types of safety
programs implemented throughout the Navy. You
should also be familiar with all safety directives and
precautions concerning your division. Safety
instructions vary from command to command. This
makes it impossible to give you a complete listing of
manuals and instructions with which you should be
familiar. Besides studying the information on safety
described in this chapter and throughout this training
manual, you should read and have knowledge of the
safety information in the following references:

® Sandard Organization and Regulations of the
U. S Navy, OPNAVINST 3120.32B, chapter
7—Outlines the safety program and the safety
organization.

Navy Occupational Safety and Health
(NAVOSH) Program Manual for Forces Afloat,
OPNAVINST 500.19C—Provides general
shipboard safety precautions and specific
occupational health program guidance.

Navy Occupational Safety and Health
(NAVOSH) Program Manual, OPNAVINST
5100.23C—Encompasses all safety disciplines,
such as systems safety, aviation safety,
weapons/explosives safety, off-duty safety
(recreation, public, and traffic), and
occupational safety and occupationa health.
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® Naval Ships Technical Manual, chapter
074—Provides general welding safety pre-
cautions.

Personnel are also advised and informed on mishap
prevention through the following periodicals:

Fathom magazine, the afloat safety review, is
published bimonthly for the professional benefit of all
hands by the Navy Safety Center. Fathom presents the
most accurate information currently available on the
subject of shipboard mishap prevention.

Ships' Safety Bulletin is published monthly by the
Navy Safety Center. This bulletin contains articles on
shipboard safety problems, trends, mishap briefs, and
statistics.

Deckplate magazine is published bimonthly by the
Naval Sea Systems Command. This magazine contains
information on the design, construction, conversion,
operation, maintenance, and repair of naval vessels and
their equipment. It also contains articles on safety
hazards and their prevention.

Flash, a monthly mishap prevention bulletin,
provides a summary of research from selected reports
of submarine hazards to assist in the prevention
program. It is intended to give advance coverage of
safety-related information while reducing individual
reading time.

These publications, as well as notices and
instructions distributed by the cognizant bureaus, make
excellent reference materials. When these publications
are available, you should read them and incorporate
them into your training program.

Other sources of safety information that you will be
dealing with on a day-to-day basis in your work as a
Hull Technician are manufacturers technical manuals
and PMS maintenance requirement cards (MRCs).

These are not all of the safety resources that are
available to you. However, these sources give you a
good starting point from which you can expand your
knowledge of safety procedures. The Naval Safety
Supervisor, NAVEDTRA 12971, is also a very good
resource for strengthening your awareness of safety
procedures.



WARNING SIGNS, PLACARDS,
TAGS, LABELS, AND MARKINGS

Warning signs, placards, tags, labels, and suitable
guards/markings should be provided to prevent
personnel from coming into accidental contact with
dangerous equipment; for warning personnel of the
possible presence of airborne contaminants as a result
of grinding operations; and for warning personnel of
other dangers that may cause injury to them. Equipment
installations should not be considered complete until
appropriate warning signs have been posted in full view
of operating and maintenance personnel.

Warning signs (red/white) and caution signs
(yellow/black) should be located in an area where
known hazardous conditions exist or may exist. Some
of the areas that are hazardous aboard ship include
workshops, pump rooms, and machinery spaces.
However, hazards may be encountered anywhere aboard
ship.

Signs designating an entire space as hazardous must
be posted at eye level or above in full and clear view of
entering personnel. Signs designating a specific piece of
equipment as hazardous must be posted on or near
equipment (in full view of the equipment operator) that
is particularly dangerous.

Warning placards (fig. I-) should be located on the
door to the entrance of any space where noise levels are
consistently high, requiring single- or double-hearing
protection. A warning placard should also be displayed
on al portable equipment capable of emitting noise in
excess of 84 dB(A) when operated. Remember that the
messages are aimed at YOU. It is your responsibility to
“read and heed.”

Tags and labels are used in the Navy to identify a
defective piece of equipment or instrument. Tags and
labels are also used to ensure the safety of personnel
and to prevent improper operation of equipment. They
will be posted according to authorized procedures and
must not be removed or violated without proper
authorization and adequate knowledge of the
CONSequences.

The use of tags and labels is not a substitute for
other safety measures, such as locking valves or
removing fuses from a fuse panel. Also, tags or labels
associated with tag-out procedures must never be used
for anything other than their intended purpose.
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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 THE WORKING PARTY.

OBTAIN NECESSARY EQUIPMENT BEFORE

GOING ALOFT. 0

55NVM001.PCX

Figure 1-1.—A warning placard.

Remember, once atag or label is used, it should
only be removed by signed authorization of the
authorizing officer. You should always follow your
command’'s procedures for logging and recording
tag-out actions.

Markings consisting of paint or tape are used to
designate safe traffic lanes, operator caution areas,
operator working areas, and observer safe areas.

Safe traffic lanes are designated in workshops.
These lanes start and stop at all exits and entrances for
workshops and are marked by continuous white lines,
3 inches wide, painted on the deck.

Operator caution areas, operator working areas, and
observer safe areas are designated for each equipment
working area deemed hazardous. Operator caution areas
are marked by a continuous yellow tine, 3 inches wide,
outlining the caution area. Operator work areas are
marked by painting the deck yellow in areas where it is
safe for an operator of machinery or equipment. The
outer perimeter of this area is designated by aternate
black and yellow lines, or checkerboard pattern, 3
inches wide. Observer safe areas are designated as all
areas outside of this perimeter and are the normal color
of the deck within the space.

Eye hazardous areas are marked with a black and
yellow checkerboard, or chevron, pattern and a label
plate made up of black letters on a yellow background
that reads. “WARNING EYE HAZARD.”



SAFETY EQUIPMENT

Safety equipment is for you. It will protect you
from injury and may possibly save your life. Some of
the more common types of safety equipment for your
personal protection are described in the following

paragraphs.
EYE PROTECTION

Proper eye protection is of the highest importance
for al personnel. Eye protection is necessary because of
hazards caused by infrared and ultraviolet radiation or
by flying objects such as sparks, globules of molten
metal, or chipped concrete and wood. These hazards are
always present during welding, cutting, soldering,
chipping, grinding, and a variety of other operations. It
is absolutely necessary for you to use eye protection
such as helmets, face shields, goggles, and safety
glasses during eye-hazard operations. Appropriate use
of goggles will limit eye hazards. Some goggles have
plastic windows that resist shattering upon impact.
Others are designed to limit harmful infrared and
ultraviolet radiation from arcs or flames by use of
appropriate filter lenses. Remember, eye damage can be
extremely painful. Protect your eyes.

HEARING PROTECTION

Proper hearing protection is a must when working
with or around certain types of power tools. Some tools
are capable of producing dangerously high noise levels
which, if ignored, can result in serious hearing loss or
injury. Y ou should use hearing protection regularly.
Examples of hearing protection are aural hearing
protectors, single-flanged earplugs, double-flanged
earplugs, triple-flanged earplugs, and foam earplugs.

SAFETY SHOESBOOTS

Safety shoes/boots protect and prevent injury or loss
of toes. Some safety shoes are designed to limit damage
to your toes or feet from falling objects. A steel plate is
placed in the toe area of such shoes so that your toes
are not crushed if an object falls on them. Other safety
shoes are designed for use where danger from sparking
could cause an explosion. Such danger is minimized by
elimination of all metallic nails and eyelets and the use
of soles that do not cause static electricity. Examples of
safety shoes are boondockers, high-steel toe, and molder
boots.
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RESPIRATORS AND MASKS

Respirators and masks protect personnel from the
inhalation of many toxic materials. The wearing of a
respirator is required when performing grinding,
welding, brazing, and wood operations. It is aso
required when you are exposed to high concentrations
of hazardous vapors or fumes. Respirators and masks
provide protection against aerosols, dusts, fumes, and
vapors. Some respirators are disposable and others are
reusable. A filter or disposable respirator protects
against dust; and the reusable chemical cartridge type of
air-purifying respirator protects against gaseous
contaminants. Particle masks, air line hose masks, and
vapor masks are also reusable.

SAFETY HAZARDS AND
PRECAUTIONS

HTs perform plan, supervise, and perform tasks
necessary for fabrication, installation, and repair of all
types of shipboard structures, plumbing, and piping
systems. This includes performing welding, cutting,
brazing, and grinding operations. Because of this, HTs
must be aware of the general and specific safety
precautions involved in their work. The following
paragraphs will discuss some of the safety hazards and
precautions that you should be familiar with.

MACHINE/EQUIPMENT SAFETY

Before using any machine or piece of equipment,
you must be familiar with all safety precautions
pertaining to its operation. Carel essness around any
moving machinery is extremely dangerous. When
moving machinery is equipped with sharp cutting tools,
the dangers are greatly increased. The following list
includes some of the more general safety precautions
for machines/equipment. Specific safety and operating
precautions should be posted in plain sight on or by
every machine.

—Before operating a machine, make sure there is
plenty of light to work by.

—Do not distract the attention of a machine
operator.

—Do not lean against any machine that is in
motion. Keep clear of al gears, belts, and other moving
parts. Never remove the guards from any part of an
operating machine.



—Never start a machine unless you are thoroughly
familiar with its operation.

—Do not attempt to clean, adjust, or repair a
machine while it is in motion. Shut off the power
supply to the machine. NEVER attempt to clean
running gears.

—PROTECT YOUR EYES. Do not hold your head
too close to the cutting tool-flying bits of metal or
scale may get into your eyes. Always wear goggles
when there is any danger of flying particles getting in
your eyes; for example, when using a grinding or
drilling machine.

—PROTECT YOUR HEARING. Always wear
appropriate hearing protection. Either aural hearing
protectors (mickey mouse ears) or ear plugs will reduce
the noise from running machinery. Prolonged exposure
may damage your hearing.

—Keep your fingers away from the cutting edges
when the machine is in operation; otherwise, you could
lose some fingers.

—~Do not wear gloves or loosely hanging clothes.
They can be caught by moving parts of the shop
machinery and cause serious injuries. Keep your
sleeves rolled down and buttoned up tightly Do not
wear neckties or loose neckerchiefs. If clothing becomes
caught in a machine, shut off the power immediately.

—When using portable electric equipment around
machine tools, take special care so that electrical cords
are clear of moving parts.

—~Do not exceed the recommended depth of cut,
cutting speeds, and feeds.

—Keep areas around machines clear of obstructions
and ensure a nonskid surface is available for the
equipment operator.

—Remove chips with a brush or other suitable tool;
never by hand or with compressed air.

—When operating the brake press, aways
disconnect the foot switches and ensure that the
eccentrics are in the bottom stroke before setting or
adjusting the punch and die.

—Place eccentrics on the bottom center of the drop
shear bed.
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—When operating the brake press, place hands
under the plate. Be sure the head and upper body are
clear from the plate. Do not lean over the work while
bending the plate.

—Magnetic particle test equipment is capable of
producing current in excess of 600 amperes. Follow all
electrical safety precautions; failure to do so may result
in serious injury or death.

—In al machine work, stress SAFETY first,
ACCURACY second, and SPEED last. Excessive
speed is both dangerous and unproductive.

SAFETY WITH PORTABLE
POWER TOOLS

Safety is a very important factor in the use of
portable power tools and cannot be overemphasized.
The hazards associated with the use of portable power
tools are electric shock, cuts, flying particles,
explosions, and so on. Because you will be using
portable power drills, hammers, and grinders in the
shop and out on the job, you should be thoroughly
familiar with the operation and care of these tools and
with all applicable safety precautions. The portable
power tools that you use may be powered by electric
motors or by air (pneumatic) motors. Whether
electrically powered or air powered, the tools and
procedures for using them are basically the same. Safe
pratice in the use of these tools will reduce or eliminate
the mishap potential. By observing the following safety
guidelines, you can ensure maximum benefits from the
tools you use and reduce to a minimum the chances of
seriousinjury.

@ Never operate any portable power tools unless
you are completely familiar with their controls
and features.

Inspect al portable power tools before using
them. See that they are clean and in good
condition.

Make sure there is plenty of light in the work
area. Never work with power tools in dark
areas where you cannot see clearly.

Before connecting power tools to a power
source, be sure the tool switch isin the OFF
position.



When operating a power tool, give it your full
and undivided attention.

Do not distract or in any way disturb another
person while they are operating a power tool.

Never try to clear ajammed power tool until it
is disconnected from the power source.

After using a power tool, turn off the power,
disconnect the power source, wait for all
movement of the tool to stop, and then remove
all waste and scraps from the work area. Store
the tool in its proper place.

Do not alow power cords to come in contact
with sharp objects, nor should they kink or
come in contact with oil, grease, hot surfaces,
or chemicals.

Never use a damaged cord. Replace it
immediately.

Check electrical cables and cords frequently for
overheating. Use only approved extension
cords, if needed.

Always connect the cord of a portable power
tool into the extension cord before the
extension cord is inserted into a live receptacle.

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

See that al cables and cords are positioned
carefully so they do not become tripping
hazards.

Treat electricity with respect. If water is present
in the area of electrical tool operation, be
extremely cautious and, if necessary, disconnect
the power tool.

The air pressure for any pneumatic tool must
not exceed 90 psi.

Never point the air hose at another person.

When working with pneumatic tools, always
stand so you are properly balanced while
working so you will not slip and lose control of
the tool.
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CHEMICAL/SOLVENT HAZARDS

Exposure to chemical hazards may cause significant
health problems. Solvents are capable of damaging your
respiratory system in cases of prolonged inhalation.
Chemicals and solvents come in the form of gas, vapor,
mist, dust, or fumes. Materials ordinarily thought to be
safe may be rendered hazardous under certain use
conditions by the uninformed user. As an HT, you will
inevitably come into contact with various
chemicals/solvents. Most of these chemicals will have
some type of hazard associated with them. Among these
hazards are irritants, toxics, corrosives, and flammables.

Personnel engaged in the handling and use of
chemicals must always use appropriate protective
equipment for the class of chemical being used.

Such protective equipment includes, but is not
limited to, the following items:

@ Rubber gloves, boots, and aprons
@ Air masks, respirators, and filter masks

@ Eye protection, goggles, and face shields

® Protective skin creams, when sensitive or skin
irritants are used

® Any other protective equipment that is

necessary

Following is a list of safety precautions that you
should observe when using and handling chemicals/
solvents:

—Review the Materia Safety Data Sheet (MSDS)
for any chemical prior to using or handling it.

—Do not work aone in a poorly ventilated space.

—Do not apply solvents to warm or hot equipment,
since this increases the potential evaporation rate
making it more hazardous.

—Never use a solvent in the presence of any open
flame.

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

—Hold the nozzle close to the object being sprayed.



—Personnel who use potential irritants, such as
epoxy, resins, and hardeners, should avoid direct skin
contact. Should contact be made with an irritant, the
area should be washed thoroughly with soap and water.
Irritants require no specia storage other than that
required by their other properties, such as flammability
or toxicity.

—AIll hazardous materials used by the Navy is
required to be correctly labeled.

—In compliance with the Occupational Safety and
Health Administration (OSHA). a fire resistant
hydraulic fluid must be used when filling the reservoir
of ahydraulic power rig.

—Dispose of solvent-soaked rags in a container
designed for flammable disposal. Wear rubber
protective gloves when handling solvents and be sure
that ventilation is adequate.

—Do not dlow eating, drinking, or smoking in the
area where solvents are being used. Any chemicals or
solvents should be handled with caution.

—Cutting and grinding of reinforced plastic
laminates generate a fine dust that irritates the skin and
eyes. Inhalation of the dust should be avoided.

—Keep chemical containers clearly labeled and
tightly covered when they are not in use. When mixing
apolyester resin, never mix the catalyst and accelerator
directly together or an explosion may result. Always
mix chemicals according to instructions.

—NMany solvents give off toxic vapors and are
dangerous upon contact with the skin. Wear respirators
and rubber gloves, as appropriate, when handling
solvents and ensure that the working area is well
ventilated.

—Do not use solvents and degreasers of the
halogen family (for example, freon and trichloroethane)
near the cutting operation, because light from the arc
can break them down into toxic components (phosgene

gas).

—If clothing becomes contaminated, remove it and
wash it thoroughly before reuse.

—When working in confined spaces, be sure there
is adequate ventilation. Where such ventilation cannot
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be provided, organic respirators are required for
protection against vapors.

—Always wash exposed skin areas thoroughly
when you are finished working.

WELDING HAZARDS
AND PRECAUTIONS

Asan HT, one of your main jobs will be welding.
You must use extreme care when welding. Safety must
always be practiced by people working around or with
arc welding equipment. Welding performed with proper
safety equipment presents no great safety hazards. You
should learn the correct procedures for arc welding in
order that the hazards that exist may be properly
observed and eliminated, and, if possible, injury
avoided.

The chief hazards to be avoided in arc welding are
asfollows:

@® Radiation from the arc, in the form of

ultraviolet and infrared rays
@ Flying sparks and globules of molten metal
@ Electric shock
@ Meta fumes
@ Burns

Radiation from the arc presents some dangers. Eyes
must be protected from radiation from the arc by use of

an arc welding helmet or face shield with approved
lenses.

Y our face, hands, arms, and other skin surfaces
must be covered to prevent exposure to the radiation.
Gloves should be worn and other parts of the body
covered by clothing of sufficient weight to shut out the
rays of the arc. Without proper clothing, burns
comparable to sunburn will result.

When possible, al arc welding operations should be
shielded so that no one may accidentally look directly
at the arc or have it shine or reflect into their eyes. An
arc “flash” may cause a person to be temporarily
blinded, by causing the person to see a white spot
similar to a photographer's flash. The severity of an arc
flash and the time it will take to recover varies with the
length of time a person was exposed to the arc. A long



exposure has been known to cause permanent damage
to the retina of the eye. If someone is severely
“flashed,” special treatment should be administered at
once by medical personnel.

Arc welding is usually accompanied by flying
sparks, which present a hazard if they strike unprotected
skin, lodge on flammable clothing, or hit any other
flammable material. When arc welding, you should
wear suitable weight clothing and cuffless trousers.
Cover your pockets so they will not collect sparks, and
remove any flammable materials, such as matches,
plastic combs, or gas lighters. You should aso ensure
that you wear the proper foot protection. High top boots
or boondockers with steel toes should be worn.

Hot metal will cause severe bums and should never
be handled with bare hands until it has cooled naturally
or has been quenched in the quenching tank. Therefore,
you should use leather gloves with tight fitting cuffs
that fit over the sleeves of the jacket. Many welders
wear afull set of leathers that consists of the following:

@ Jacket or set of sleeves
® Gauntlet gloves

® Leggings

® Spats

® Apron

@ Welders hat liner

Following is a list of other safety precautions that
you should keep in mind when performing welding
operations:

—The possibility of dangerous electric shock can be
avoided by using insulated electrode holders and
wearing dry leathers and gloves. When possible, avoid
using arc welding equipment in wet or damp areas.
ARC WELDING SHOULD NEVER BE DONE IN AN
AREA THAT ISNOT WELL VENTILATED.

—Use awelding helmet with aNo. 10 or No. 12
shade along with good quality work clothing and
gauntlet-type gloves. Wear ear protection when
sound-pressure levels exceed 84 dB(A).

—In gas welding, the high temperatures of the
welding flame and the sparks created by the welding
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process will burn skin. Gas welding can also cause
radiation burns due to infrared rays emitted by the red
hot material. Flame-resistant or flame-retardant clothing
must be worn and the hair protected at al times.

—Fluxes used in certain welding and brazing
processes produce vapors that are irritating to the eyes,
nose, throat, and lungs. Oxides produced by these
volatile elements are very poisonous. Therefore,
welding must be performed in a well-ventilated area
and approved safety goggles must aways be worn. The
darkest shade of the goggles that still show a clear
outline of the work without producing eyestrain are
recommended. Sun glasses are not adequate.

—Do not smoke or work near hot surfaces or open
flames.

SOLDERING AND BRAZING
SAFETY PRACTICES

Soldering or brazing with or on alloys containing
cadmium or beryllium can be extremely hazardous.
Fumes from cadmium or beryllium compounds are
extremely toxic. In fact, several deaths have been
reported from inhaling cadmium oxide fumes.

Skin contact with cadmium and beryllium should
also be avoided. An expert in industria hygiene should
be consulted whenever cadmium or beryllium
compounds are to be used or when repairs are to be
made on parts containing the metals.

Fluxes containing fluoride compounds are also
toxic. Good ventilation is essential when soldering or
brazing and the operator must always observe good
safety practices.

A common hazard when soldering is exposure of
the skin, eyes, and clothing to acid fluxes. You should
observe the following safety precautions when soldering
or brazing:

—Always work in a way that flux will not be
spilled on the skin or clothing.

—Always wear chemical splashproof goggles,
rubber gloves, and long deeves when using cleaning
solutions, pickling solutions, or acids.

—If at any time you are exposed to any chemical
solutions, acids, or fluxes, wash the affected area at
once, and seek medical attention immediately.



—Remember, heating soldering coppers sometimes
presents a fire hazard if an open flame is used. Be sure
al flammable material is removed or kept away from
the heating flames.

—Make sure there are no flammable vapors present,
such as gasoline, acetylene, or other flammable gases,
where the hot work is to be performed.

—No job should ever be started until all safety
precautions have been taken, and the fire marshal
notified, if applicable.

CUTTING HAZARDS AND
PRECAUTIONS

Another part of your job will involve cutting
operations such as oxyacetylene cutting and plasma arc
cutting. Observe the following safety precautions when
performing any cutting operation:

—Never place hands or fingers between the metal
plate and the bed. Never place hands under the
holddowns or knife. Ensure that all personnel are clear
from the piece being cut.

—Ensure that the plate is supported so that injuries
to personnel can be avoided if the cut end of the metal
fals away.

—When using oxyacetylene cutting equipment,
ensure that the work areais gas-free. Thisis particularly
important when working in bilges and other spaces
where dangerous vapors may collect.

—The high-pressure oxygen stream used in cutting
with an oxyacetylene torch can throw molten metal for
a distance of 50 to 60 feet. Always post a fire watch to
protect the surrounding areas and personnel.

—When using oxyacetylene cutting equipment,
ensure that any interfering system has been removed
and tagged out, if necessary.

—Ingstal al covers, insulators, and handles before
attempting to operate the plasma arc cutting equipment.

—When using plasma arc cutting equipment, open
al primary disconnect switches before charging any
electrical connections.
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FIRST AID

Y ou must always observe safety precautions when
working on equipment or operating machinery. Because
of the danger of electric shock from equipment and
operating machinery, the possibility of receiving burns
from welding, and the possibility of a body part being
cut when performing cutting operations, it is important
that you know and be able to perform the proper action
when a mishap occurs. The following paragraphs will
briefly describe some of first-aid techniques that you
should be familiar with.

RESUSCITATION

Methods of resuscitating or reviving an electrical
shock victim include artificial ventilation (to reestablish
breathing) and cardiopulmonary resuscitation (to
reestablish heartbeat and blood circulation).

Artificial Ventilation

A person who has stopped breathing is not
necessarily dead, but is in immediate critica danger.
Life depends on oxygen that is breathed into the lungs
and then carried by the blood to every body 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 surely 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 may be
saved. A person who has stopped breathing but who is
still aliveis said to be in a state of respiratory failure.
The first-aid treatment for respiratory failure is called
artificial  ventilation/respiration.

The purpose of artificia 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
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 administering artificia ventilation: mouth-
to-mouth and mouth-to-nose.

For additional information on performing artificial
ventilation, refer to Sandard First Aid Training Course,
NAVEDTRA 10081-D.

Cardiopulmonary Resuscitation

When there is a complete stoppage of heart
function, the victim has suffered a cardiac arrest. The
signs include the absence of a pulse, because the heart
is not beating, and the absence of breathing. In this
situation, the immediate administration of
cardiopulmonary resuscitation (CPR) by a rescuer using
correct procedures greatly increases the chances of a
victim’'s survival.

CPR consists of external heart compression and
artificial ventilation. The compressions are performed
by pressing the chest with the heedl of your hands, and
the lungs are ventilated either by mouth-to-mouth or
mouth-to-nose techniques. To be effective, CPR must
be started within 4 minutes of the onset of cardiac
arest.

CAUTION

CPR should not be attempted by a
rescuer who has not been properly trained.
Improperly done, CPR can cause serious
damage to a victim. Therefore, CPR is
NEVER practiced on a healthy individual.
For training purposes, a training aid is used
instead. To learn CPR, you should take an
approved course from a qualified CPR
instructor.

For additional information on administering CPR,
refer to Standard First Aid Training Course,
NAVEDTRA 10081-D.

WOUNDS

A wound, or breaking of the skin, is another
problem that could be the result of an electrical shock.
You could accidentally suffer an electrical shock, which
could cause 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.
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Wounds are classified according to their genera
condition, size, location, how the skin or tissue is
broken, and the agent that caused the wound.

When you consider the manner in which the skin or
tissue is broken, there are four general kinds of wounds:
abrasions, incisions, lacerations, and punctures.

Abrasions

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

Incisions

Incisions, commonly called cuts, are wounds made
with a sharp instrument, such as a knife, razor, or
broken glass. Incisions tend to bleed very freely because
the blood vessels are cut straight across.

L acerations

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

Punctures

Punctures are caused by objects that penetrate some
distance into the tissues while leaving arelatively small
surface opening. Asarule, small punctures do not bleed
freely; however, large puncture wounds may cause
severe internal bleeding.

A puncture wound can be classified as penetrating
or perforating. A perforation differs from a penetration
in that it has an exit as well as an entrance site.

For additional information on the treatment of
wounds refer to Sandard First Aid Training Course,
NAVEDTRA 10081-D.

BLEEDING

The first-aid methods that are used to stop serious
bleeding depend upon the application of pressure.
Pressure may be applied in three ways: (1) directly to
the wound, (2) at key pressure points throughout the
body, and (3) with a tourniquet.



Direct Pressure

You should try the direct-pressure method first to
control bleeding. Place a sterile first-aid dressing, when
available, directly over the wound. Tie the knot only
tight enough to stop the bleeding, and firmly fasten it
in position with a bandage. In the absence of sterile
dressings, use a compress made with a clean rag,
handkerchief, or towel to apply direct pressure to the
wound, as in figure 1-2. If the bleeding does not stop,
firmly secure another dressing over the first dressing, or
apply direct pressure with your hand or fingers over the
dressing. Under no circumstances is a dressing to be
removed once it is applied.

Pressur e Points

If the direct-pressure method does not stop the
bleeding, use the pressure point nearest the wound, as
shown in figure 1-3. Bleeding from a cut artery or vein
may often be controlled by applying pressure to the
appropriate pressure point. A pressure point is a place
where the main artery to the injured part lies near the
skin surface and over a bone. Pressure at such a point
is applied with the fingers or with the hand; no first-aid
materials are required. Pressure points should be used
with caution, as they may cause damage to the limb as
aresult of an inadequate flow of blood. When the use
of pressure points is necessary, do not substitute them
for direct pressure; use both.

Use of a Tourniquet
A tourniquet is a constricting band that is used to

cut off the supply of blood to an injured limb. It cannot
be used to control bleeding from the head, neck, or
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Figure 1-2—Direct pressure.
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body, since its use in these locations would result in
greater injury or death. A tourniquet should be used on
an injured limb only as a last resort for severe,
life-threatening hemorrhaging that cannot be controlled
by any other method. A tourniquet must be applied
ABOVE the wound—that is, towards the trunk—and it
must be applied as close to the wound as practicable.

Any long, flat material can be used as a band for a
tourniquet—nbelts, stockings, flat strips of rubber, or a
neckerchief. Only tighten the tourniquet enough to stop
the flow of blood. Use a marker, skin pencil, crayon, or
blood, and mark alarge T on the victim’s forehead.

WARNING

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

BURNS

The causes of burns are generally classified as
thermal, electrical, chemical, or radiation. Whatever the
cause, shock always results if the burns are extensive.

Thermal burns are caused by exposure to intense
heat, such as that generated by fire, bomb flash,
sunlight, hot liquids, hot solids, and hot gases. Their
care depends upon the severity of the bum and the
percentage of the body area involved.

Electrical burns are caused by electric current
passing through tissues or the superficial wound caused
by electrical flash. They may be far more serious than
they first appear. The entrance wound may be small;
but as electricity penetrates the skin, it burns a large
area below the surface. Usually there are two external
burn areas: one where the current enters the body, and
another where it leaves.

Chemical burns for the most part are not caused by
heat, but by direct chemical destruction of body tissues.
When acids, alkalies, or other chemicals come in
contact with the skin or other body membranes, they
can cause injuries that are generally referred to as
chemical burns. The areas most often affected are the
extremities, mouth, and eyes. Alkali burns are usually
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Figure 1-3.—Pressure points for control of bleeding.

more serious than acid burns, because they penetrate Radiation burns are the result of prolonged
deeper and burn longer. When chemical burns occur, exposure to the ultraviolet radiation. First- and
emergency measures must be carried out immediately. second-degree burns may develop. Treatment is
Do not wait for the arrival of medical personnel. essentially the same as that for thermal bums,
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Classification of Burns

Burns are classified in severa ways:. by the extent
of the burned surface, by the depth of the burn, and by
the cause of the burn. The extent of the body surface
burned is the most important factor in determining the
seriousness of the burn and plays the greatest role in the
victim's chances of survival.

Burns may also be classified as first, second, or
third degree, based on the depth of skin damage (fig.
1-4). First-degree burns are mildest. Symptoms are
reddening of the skin and mild pain. Second-degree
burns are more serious. Symptoms include blistering of
the skin, severe pain, some dehydration, and possible
shock. Third-degree burns are worst of all. The skin is
destroyed and possibly the muscle tissue and bone in
severe cases. The skin may be charred or it may be
white or lifeless. Thisisthe most serious type of burn,
asit produces a deeper state of shock and will cause
more permanent damage. It is usually not as painful as
a second-degree burn because the sensory nerve endings
have been destroyed.

Emergency Treatment of Burns

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, the extent of burned surface, the
“Rule of Nines” (fig. 1-5) isused. These figures aid
in determining the correct treatment for the burned
person.

As a guideline, consider that burns exceeding 15
percent of the body surface will cause shock; burns
exceeding 20 percent of the body surface endanger life;
and bums covering more than 30 percent of the body
surface are usually fatal if adequate medical treatment
IS not received.

Minor burns, such as first-degree burns over less
than 20 percent of the body area and small
second-degree bums, do not usually require immediate
medical attention unless they involve the facia area
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Figure 1-4—First-, second-, and third-degree burns.
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Figure 1-5.—Rule of Nines.

THERMAL BURNS.—When emergency treat-
ment of the more serious thermal burnsis required, first
check the victim for respiratory distress. Burns around
the face or exposure to hot gases or smoke may cause
the airway to swell shut. If facial burns are present,
place the victim in a sitting position to further ease
breathing. Transport the victim with facia burns to a
medical facility as soon as possible.

Remove all jewelry and similar articles, even from
unburned areas, since severe swelling may develop

rapidly.

To relieve pain initialy, apply cold compresses to
the affected area or submerge it in cold water. Cold
water not only minimizes pain, but also reduces the
burning effects in the deep layers of the skin. Gently
pat dry the areawith alint-free cloth or gauze.

Cover the burned area with a sterile dressing, clean
sheet, or unused plastic bag. Coverings such as blankets
or other materials with a rough texture should not be
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used because lint may contaminate and further irritate
the injured tissue. When hands and feet are burned,
dressings must be applied between the fingers and toes
to prevent skin surfaces from sticking to each other.

Do not attempt to break blisters, and do not
remove shreds of tissue or adhered particles of charred
clothing. Never apply greasy substances (butter, lard, or
petroleum jelly), antiseptic preparations, or ointments.

If the victim is conscious and not vomiting, prepare
a weak solution of salt (1 teaspoon) and baking soda
(/2 teaspoon) in a quart of warm water. Allow the
victim to sip the drink slowly. Aspirin is also effective
for the relief of pain.

Treat for shock. Maintain the victim’'s body heat,
but do not allow the victim to become overheated. If
the victim’s hands, feet, or legs are burned, elevate
them higher than the heart.

ELECTRICAL BURNS.—In electrical shock
cases, burns may have to be ignored temporarily while
the patient is being revived. After the patient is revived,
lightly cover the burn with adry, preferably sterile,
dressing, treat for shock, and transport the victim to a
medical facility.

CHEMICAL BURNS.—To treat most chemical
burns, you should begin flushing the area immediately
with large amounts of water. Do not apply the water
too forcefully. If necessary, remove the victim’'s
clothing, including shoes and socks, while flushing.

Water should not be used for alkali burns caused by
dry lime unless large amounts of water are available for
rapid and complete flushing. When water and lime are
mixed they create a very corrosive substance. Dry lime
should be brushed from the skin and clothing.

Isopropy! or rubbing alcohol should be used to treat
acid burns caused by phenol (carbolic acid). Phenol is
not water soluble; therefore, water should only be used
after first washing with alcohol or if alcohol is not
available.

For chemical burns of the eye, flush immediately
with large amounts of fresh, clean water. Acid bums
should be flushed at least 15 minutes, and alkali burns
for as long as 20 minutes. If the victim cannot open the
eyes, hold the eyelids apart so water can flow across the
eyes. After thorough irrigation, loosely cover both eyes
with a clean dressing.



The after care for all chemica burnsis similar to
that for thermal burns. Cover the affected area and get
the victim to a medical facility as soon as possible.

RADIATION BURNS.—For first- and second-
degree sunburns, treatment is essentially the same as for
thermal burns. If the bum is not serious, and the victim
does not need medical attention, apply commercially
prepared sunburn lotions and ointments.

For further information on the treatment of burns,
refer to Standard First Aid Training Course,
NAVEDTRA 10081-D.

HEARING CONSERVATION
AND NOISE ABATEMENT

Historically, hearing loss has been recognized as an
occupational hazard related to certain trades, such as
blacksmithing and boilermaking. Modern technology
has extended the risk to many other activities: using
presses, forging hammers, grinders, saws, interna
combustion engines, or similar high-speed, high-energy
processes. Exposure to high-intensity noise occurs as a
result of either impact noise, such as gunfire or rocket
fire, or from continuous noise, such as jet or propeller
arcraft, marine engines, and machinery.

Hearing loss has been and continues to be a source
of concern within the Navy, both ashore and afloat.
Hearing loss attributed to such 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 goa of the Navy
Hearing Conservation Program is to prevent
occupational noise-related hearing loss among Navy
personnel. The program includes the following
elements:

® Work environments will be surveyed to identify
potentially hazardous noise levels and personnel
at risk.

Environments that contain, or egquipment that
produces, potentially hazardous noise should be
modified to reduce the noise to acceptable
levels whenever technologically and
economically feasible. When this is not
feasible, administrative control (for example,
stay times) and/or hearing protection devices
should be used.
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@ Periodic hearing testing must be conducted to
monitor the effectiveness of the program.

® Navy personnel must be educated on the
Hearing Conservation Program to ensure the
overall success of the program.

IDENTIFYING AND LABELING
OF NOISE AREAS AND EQUIPMENT

Hazardous noise areas and equipment must be so
designated and appropriately labeled. Areas and
equipment that produce continuous and intermittent
sound levels greater than 84 dB(A) or impact or
impulse levels of 140 db peak are considered
hazardous.

Anindustrial hygienist with anoise level meter will
identify the noise hazardous areas. Noise hazardous
areas will be labeled using a hazardous noise warning
decal, NAVMED 6260/2 (fig. 1-6). This deca will be
posted at all accesses. Hazardous noise labels,
NAVMED 6260/2A, are the approved labels for
marking portable and installed equipment.

All personnel that are required to work in
designated noise hazardous areas or with equipment that
produces sound levels greater than 84 db(A) or 140 db
sound/pressure levels are entered in the hearing
conservation program.

HAZARDOUS NOISE
MAY CAUSE

HEARING LOSS

LAl

EAR PROTECTION REQUIRED
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Figure 1-6.—Hazardous noise warning decal.



You will find further information on hearing
conservation in OPNAVINST 5100.23C, Navy
Occupational Safety and Health (NAVOSH) Program
Manual, and OPNAVINST 5100.19B, Navy
Occupational Safety and Health (NAVOSH) Program
Manual for Forces Afloat.

MONITORING HEARING TESTS

All naval personnel receive an initial or reference
audiogram shortly after entering the service. Thereafter,
a hearing test will be conducted at least annually while
you are assigned to a noise hazardous environment.
Hearing tests will also be conducted when there are
individual complaints of difficulties in understanding
conversational speech or a sensation of ringing in the
ears. The annual audiograms will be compared to the
reference (baseline) to determine if a hearing threshold
shift has occurred.

HEARING PROTECTIVE DEVICES

Hearing protective devices should be worn by all
personnel when they must enter or work in an area
where noise levels are greater than 84 dB(A). A
combination of insert earplugs and circumaural muffs,
which provides double protection, should be worn in all
areas where noise levels exceed 104 db(A). Personnel
hearing protective devices should be issued to suit each
situation.

HEAT STRESS
CONTROL PROGRAM

Heat stress may occur in many work spaces
throughout the Navy. Heat stress is any combination of
air temperature, thermal radiation, humidity, airflow,
and workload that may stress the human body as it
attempts to regulate its temperature. Heat stress
becomes excessive when your body’s capability to
adjust is exceeded. This results in an increase in body
core temperature. This condition can readily produce
fatigue, severe headaches, nausea, and poor physical
and/or mental performance. Prolonged exposure to heat
stress could cause heatstroke or heat exhaustion and
severe impairment of the body’s temperature-regulating
ability. Heatstroke can be life-threatening if not
immediately and properly treated. Recognizing
personnel with heat stress symptoms and getting them
prompt medical attention is an all-hands responsibility.
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As a petty officer or chief petty officer, your rolein
the command’s Heat Stress Program involves adhering
to the command’ s program and reporting heat stress
conditions as they occur.

Primary causes that increase heat stress conditions
are as follows:

® Excessive steam and water |eaks

@ Boiler air casing leaks
Missing or deteriorated lagging on steam
piping, valves, and machinery
® Clogged ventilation systems or an inoperative
fan motor
@ Operating in hot or humid climates

To determine heat stress conditions, permanently
mounted dry-bulb thermometers are installed at key
watch and work stations. Their readings should be
recorded at least once a watch period. When a reading
exceeds 100°F (38°C), a heat stress survey must be
ordered to determine the safe stay time for personnel.

A heat stress survey is taken with a wet-bulb globe
temperature (WBGT) meter. Y ou should compare these
readings to the physiological heat exposure limits
(PHEL) chart. After comparing the readings with the
PHEL chart, you will be able to determine the safe stay
time for personnel.

As a petty officer or chief petty officer, you should
have a working knowledge of al aspects of the Heat
Stress Program so you can recognize heat stress
conditions if they occur and take the proper corrective
actions.

Further information and guidance of the Navy Heat
Stress Program is contained in OPNAVINST 5100.19B,
Navy Occupational Safety and Health (NAVOSH)
Program Manual for Forces Afloat.

SUMMARY

In this chapter, we have described your
responsibilities regarding general and equipment safety,
both as an individual and as a petty officer and chief
petty officer.



We have identified various sources of safety
information that are available to you, and provided you
with general and specific safety precautions to assist
you in your day-to-day work as a HT.

We have discussed the danger of electrical shock,
how to rescue a victim from electrical shock, and the
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procedures for giving first aid to the victim. We have
also briefly discussed the Navy’s Hearing Conservation,
Noise Abatement, and Heat Stress programs.

Think safety! Always remain aert to possible
danger.



CHAPTER 2

SHIP REPAIR

LEARNING OBJECTIVES

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

maintenance activities (IMAS).

its link to maintenance.

supervisor.

Describe the different types of repairs and alterations on naval ships.

Describe the basic organization of the Repair Department at intermediate

Describe the basic duties of personnel assigned to IMAs.
Define the Quality Assurance Program.
Explain the quality assurance organization.

Describe the basic requirements for the Quality Assurance Program and

Identify the basic work center organization and the role of the work center

Be able to make a basic time line and identify its component parts.

Identify the structural parts of a ship and discuss the purpose of the parts.

INTRODUCTION

Ship's can operate only a certain length of time
without repairs. To keep a ship in prime condition,
constant attention should be given to material upkeep
and definite intervals of time must be allotted for
general overhaul and repair.

Even when regular maintenance procedures are
carefully followed, accidents and derangements may
necessitate emergency repair work. Defects and
deficiencies that can be corrected by ship’s force should
be dealt with as soon as possible. When repairs are
beyond the capacity of ship’s force to accomplish, aid
must be obtained from arepair activity afloat or ashore.

Ship repair is the basic duty of the HT whether
ashore or afloat. The mgjority of personnel in the HT
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rate are assigned to billets at IMAs performing the basic
functions of ship repair. Therefore, you can expect that
sometime in your career you will be assigned to an
IMA. It isimportant that you have a basic idea of the
organization and role that an IMA plays in ship’s
maintenance.

Quality assurance (QA) also impacts every mainte-
nance procedure performed by ship’s personnel or main-
tenance personnel assigned to IMAs. QA has become a
prime consideration when performing maintenance on
any ship’s system. You will use the QA guidelines as
established by your command on a daly basis.

This chapter covers basic repair, ateration, and
maintenance procedures for nava ships. It aso covers
the the IMA organization, the QA program, the the
basic structural parts of a ship.



REPAIRS AND ALTERATIONS

Corrective maintenance and repairs to ships may be
divided into the general categories of (1) repairs, (2)
aterations equivalent to repairs, and (3) alterations. It
is important that you have an understanding of the
different types of repairs and the difference between a
repair and an alteration.

REPAIRS

A repair is defined as the work necessary to restore
a ship or an article to serviceable condition without a
change in design, material, or in the number, location,
or relationship of parts. Repairs may be done by ship’s
force, tenders, ship repair facilities, or by naval or
civilian shipyards.

ALTERATIONS EQUIVALENTTO REPAIRS

Before we discuss aterations, we need to under-
stand that NAVSEASY SCOM may determine that some
work requested as an alteration may be better defined
as an alteration equivalent to repair. In that case,
NAVSEASYSCOM forwards the request to the
appropriate type commander (TYCOM) to be handled
as arepair. An alteration is considered to be an
alteration equivalent to a repair if it meets one or more
of the following conditions:

® Materials that have previously been approved
for similar use and that are available from
standard stock are substituted without other
change in design.

Worn out or damaged parts, assemblies, or
equipment requiring renewal will be replaced
by those of alater and more efficient design
that have been previously approved.

Parts that require repair or replacement to
improve reliability of the parts and of the unit
will be strengthened, provided no other change
in design is involved.

Equipment that requires no significant changes
in design or functioning but is considered
essential to prevent recurrence of unsatisfactory
conditions will be given minor modifications.

ALTERATIONS

This section deals only with ship alterations (SHIP-
ALTS) as opposed to ordnance alterations (ORDALTS).
These are alterations to the hull, machinery, equipment,
or fittings that include a change in design, materias,

2-2

number, location, or relationship of the component
parts. Thisis true regardless of whether the SHIPALT
is undertaken separately from, incidental to, or in
conjunction with repairs. NAVSEASY SCOM, the forces
afloat, or CNO may originate requests for SHIPALTS.

NAVSEASY SCOM Responsibilities

One of NAVSEASY SCOM's prime responsibilities
for ship maintenance is to administer SHIPALTs under
its technical control. NAVSEASY SCOM keeps in-
formed of technical developments in its day-to-day
relations with the forces afloat, the naval shipyards,
private industry, and research centers. NAVSEASY S
COM may determine that a particular ship or class of
ships should be altered to bring them to a more efficient
and modem state of readiness. These alterations may be
changes to the hull, such as changes to bulkheads that
will strengthen bulkheads or changes to deck arrange-
ments that will provide space for installation of
machinery; changes to machinery or substitution of
newer and more efficient machinery; changes to equip-
ment, such as the replacement of an item with a more
efficient type; or changes in design. NAVSEASY SCOM
relies on input from the fleet and unit commanders for
the need of new SHIPALTS.

Commanding Officer Responsibilities

When the commanding officer of a ship believes a
SHIPALT is necessary, he/she sends a request to
NAVSEASY SCOM via the administrative chain of
command (3-M systems). Copies of the request are sent
to all ships of the type within the fleet for comments as
to the value of the SHIPALT for other ships of the
same type or class.

INSURV Responsibilities

The reports of the Board of Inspection and Survey
(INSURV) are another source of recommended
SHIPALTSs. When the board completes each material
inspection of a ship, it furnishes a list of recommended
repairs, aterations, and design changes that it feels
should be made. NAVSEASY SCOM normally will not
act on those recommendations until the commanding
officer of the inspected ship requests the changes, and
the TYCOM approves.

TY COM Responsibilities

TYCOMSs (or other administrative commanders)
must endorse al requests for SHIPALTs addressed to
NAVSEASY SCOM. Their endorsements must include



recommendations for or against approval, classification,
and applicability to other ships of the type. Copies of
the basic request and endorsements are forwarded to
other concerned TY COMs with requests to comment on
them for the information of NAVSEASY SCOM.

SHIPALTS

SHIPALTSs fdl into two broad categories. military
SHIPALTS and technical SHIPALTSs. If there is a
question as to whether a proposed SHIPALT is military
or technical, NAV SEA will forward the proposal to
CNO for determination. Y ou will most often install
technical SHIPALTS.

® MILITARY SHIPALT—A military SHIPALT
changes the ship’s operational and military
characteristics and improves the ship’s
operational capabilities. Only CNO can approve
amilitary SHIPALT. An example of a military
SHIPALT would be the installation of a new
weapons system.

TECHNICAL SHIPALT—A technical SHIP-
ALT is one that improves the safety of
personnel and equipment and/or improves
reliability, ease of maintenance, and efficiency
of equipment. A technical SHIPALT can only
be approved at the NAVSEA level.

AMALGAMATED MILITARY AND TECHNICAL
IMPROVEMENT PLAN

Approved military and technical SHIPALTs are
ranked in order of priority on an annual basisin the
Amalgamated Military and Technical |mprovement
Plan. The decision to install a SHIPALT is based on the
priority of the alteration in the Amalgamated Military
and Technical Improvement Plan, funding, ship
availability, and whether material is available to
complete the SHIPALT. When a decision is reached to
install a SHIPALT during a given fiscal year, the
ateration is entered into the Fleet Modernization
Program (FMP). Approved SHIPALTSs are authorized
by letters issued not less than 180 days before the ship
is scheduled to begin overhaul or other types of repair
availabilities.

TYPES OF AVAILABILITIES

An availability is the period of time a ship is
assigned to undergo maintenance or repair by a repair
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activity. Only the authority granting the availability can
change the alotted period of time. However, a repair
activity may recommend a completion date to the
granting authority or request an extension of time to
complete work already underway. There are severa
types of ship availabilities that we will definein the
next paragraphs. For example, restricted and technical
availabilities differ in whether the ship isor is not ready
to carry out its mission.

® A RESTRICTED AVAILABILITY (RA) is
used to complete specific items of work in a
shipyard or SRF; the ship is NOT available to
perform its mission during that time.

A TECHNICAL AVAILABILITY (TA) isused
to complete specific items of work in a
shipyard or SRF; the ship IS available to
perform its mission during that time.

Other types of availabilities identify the type of
work to be done and where it will be done.

® A REGULAR OVERHAUL (ROH) AVAIL-
ABILITY is used to complete genera repairs
and alterations in a naval shipyard or other
shore-based repair activity. The schedule for an
ROH for a given ship varies between 2 and 5
years according to an established cycle. An
overhaul can take as ittle as 2 months for small
ships and as much as 18 months for larger
ships. ROH planning begins about 18 months
before the scheduled overhaul.

A VOYAGE REPAIR AVAILABILITY isused
for repairs while the ship is underway. These
are emergency repairs that are necessary if the
ship is to continue on its mission, and they can
be done without changing the ship’s operating
schedule. These repairs will be done by the
ship’'s force if possible, or if necessary, by
personnel from an IMA, SIMA, or SRF.

A REGULAR IMA AVAILABILITY is used
for general repairs and authorized aterations
that are not emergencies. Thiswork is usualy
beyond the capability of the ship’s force and is
normally scheduled in advance.

An EMERGENCY IMA AVAILABILITY is
used to repair specific casuaties and generally
takes first priority at afleet IMA.



® A CONCURRENT AVAILABILITY is used
for ship-to-shop work by the shore IMA,
tender, or repair ship. These availabilities are
usually scheduled to take place just before a
regular shipyard overhaul or restricted
availability.

REPAIR ACTIVITIES

Repair activities are set up to do work the ship’s
forces cannot handle. Repair activities are IMAS,
XMASs, SRFs, and shipyards. The type of work and
available funds govern the assignment of repair work to
repair activities. The office of the Supervisor of
Shipbuilding (SUPSHIP) places and administers
contracts for the repair or overhaul of naval ships at
private shipyards, and contracts for civilian work to be
donein IMASs, SIMAs, and SRFs.

Fleet and type commanders usually call on IMAs or
SIMASs to handle repairs and aterations under regular,
emergency, and concurrent availabilities. If work is
beyond an IMAs or SIMA’s capability, other activities
ashore, such as an SRF or a shipyard, will do it. In the
following paragraphs, we will discuss the work done by
the ship’s forces and IMAs. In addition, we will
examine the organization, duties of personnel, and QA
procedures used in an IMA.

SHIP'S FORCE MAINTENANCE AND REPAIRS

Each ship's force should be able to make its own
normal repairs. To do that, each ship should have the
necessary materials, repair parts, tools, and equipment.
The most competent and experienced personnel should
supervise these repairs. If ship's personnel are not
familiar with the needed repairs and tests, or cannot
handle a problem for any reason, the CO should request
an IMA or shipyard availability. Personnel who are not
familiar with these repairs and tests should take
advantage of an IMA or SIMA availability to observe
how such work is undertaken. If the ship's force needs
technical assistance, they should request it from the
local TYCOM's maintenance representatives.

The ship's force should follow aregular schedule of
preventive maintenance to be sure that equipment and
machinery are always ready for service. Thisincludes
cleaning, ingpections, operations, and tests to ensure
trouble-free operation and to detect faults before they
become major problems. Some inspections and tests are
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guite simple; others require planning so they can be
done during upkeep or overhaul periods.

INTERMEDIATE MAINTENANCE ACTIVITIES

A ship's effectiveness depends on its ability to
function well; therefore, ship’s personnel and IMASs
have a dua responsibility to keep it in prime condition.
That means that the ship's crew routinely handles
normal maintenance and repairs and IMAs handle those
repairs that a ship's crew cannot handle.

This section deals mostly with those jobs the ship's
crew cannot handle and which are done by repair
facilities. We will discuss what happens at an IMA or
SIMA. The following is alist of the different types of
repair facilities:

® An intermediate maintenance activity (IMA) is
arepair ship (AR), destroyer tender (AD), or
submarine tender (AS).

A shore intermediate maintenance activity
(SIMA) is based on land and offers services
similar to those of an IMA.

A ship repair facility (SRF) is similar to a naval
shipyard but on a smaller scale and is usually
based outside the continental United States.

® A shipyardisany full-service naval shipyard or
a civilian shipyard contracted for Navy work.

While each type of IMA has its specia purpose, al
of them have many characteristics and facilities in
common that make them suitable for general repair
work on most ships. Repair ships and tenders perform
battle and operational damage repairs on ships in the
forward areas, and they provide logistic support to ships
of the fleet. They also can provide other services,
including medical and dental treatment, for the ships
they tend. Their shops can handle hull, machinery,
electrical, and ordnance work, and they stock parts to
help them deal with most of the repairs they perform.

SIMASs are shore-based facilities that only do repair
work, while other departments on a shore base handle
the supply, medical, and administrative needs of the
ship. Ships are assigned to IMAs with a flexible
approach that considers unusual repair requirements and
operational commitments, particularly for ships outside
the continental United States.



IMA Availabilities

Ships are scheduled for regular IMA availabilities
or upkeep periods at certain intervals of time that vary
with different types of ships. There are numerous types
of availabilities used by TYCOMSs and they vary
between the surface and submarine components.
Therefore, you should aways refer to the governing
document associated with the command at which you
are stationed. The availability periods are usually
planned in advance and depend upon the quarterly
deployment schedule of each ship.

A ship's commanding officer sends a request for an
IMA availability with a forwarding letter to the
TYCOM or his or her representative. The request must
include job sequence numbers (JSNs) for work requests
in the Current Ship's Maintenance Project (CSMP) and
alisting of TYCOM master job catalogue work items.

A reviewing officer with TY COM will review the
request and make any necessary corrections to conform
to established policies and procedures. Most of the
ship'swork list items will be approved, but the ship
may have to furnish more detailed information on
certain work requests.

The reviewing officer will forward the approved
ship’swork requests to the appropriate IMA well in
advance of the period of availability so the IMA repair
department personnel can prepare for the work. Because
you should know something about these personnel
before you learn about the arrival conference, the shops,
and the ship maintenance procedures, we will discuss
them in the following paragraphs.

Repair Personnel

Sandard Organization and Regulations of the U.S.
Navy, OPNAVINST 3120.32, contains general
information  about the relative positions and
responsibilities of IMA departments. These positions
may vary between the submarine and surface
components, but their responsibilities are generally the
same. Also, TY COMs issue standard ship organizations
for their type that describe the organization for every
routine function and most emergency conditions that
can exist aboard ship. The following paragraphs explain
the roles of the repair officer, the assistant repair
officer, quality assurance officer, planning and
estimating officer, repair division officers, diving and
salvage officer, and enlisted personnel.
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COMMANDING OFFICER.—The IMA's com-
manding officer has the overall responsibility for the
daily operation and function of the IMA as a whole.
The CO coordinates the activities of the IMA's
departments and divisions and is responsible to the
TYCOM.

REPAIR OFFICER.—The repair officer is head of
the repair department on an IMA. The repair officer
oversees the upkeep, operation, and maintenance of the
equipment assigned to the repair department, and the
training, direction, and coordination of its personnel.
The repair officer keeps up with production and ensures
efficient and economical operation of the production
Process.

ASSISTANT REPAIR OFFICER.—The assistant
repair officer assumes the repair officer’s responsibilities
in hig’her absence and carries out the responsibilities the
repair officer delegates. This officer usually handles the
internal administration of the department and specifi-
cally keeps progress records on all work. In the subma-
rine force, the assistant repair officer is called the
production management assistant (PMA).

QUALITY ASSURANCE OFFICER.—The
quality assurance officer (QAO) is responsible to the
commanding officer for planning, monitoring, and
executing the overall IMA QA program. The QAO
ensures that al work done by the IMA meets all
established technical and quality control requirements.

PLANNING AND ESTIMATING OFFICER.—
The planning and estimating (P & E) officer is
responsible to the assistant repair officer for planning
and estimating all work assigned to the IMA. The P &
E officer also is tasked with providing technical
information for repairs, preparing detailed work
packages for controlled work, and maintaining
specifications, standards, process instructions, and
procedures.

DIVISION OFFICERS.—The division officers
(DOs) have both administrative and production
responsibilities for the actual work that is done in shops
under their supervision. They have administrative and
production responsibility. Their administrative
responsibility is in the administration of personnel in
their respective divisions, including the assignment of
berths and watches, and all training and training
records. Their production responsibilities include
oversight of all work regquests and review of progress,
requisitions for material, proper operation of division



shops for which they are responsible, safety, and
progress reports to the repair officer.

DIVING AND SALVAGE OFFICER.—The
position of diving and salvage officer may be a separate
assignment or a collateral duty for an officer in the
repair department. In either case, the diving and salvage
officer is responsible for the supervision of al diving
operations, the maintenance of diving and salvage
equipment, and compliance with diving instructions and
precautions.

ENLISTED PERSONNEL.—Navy enlisted per-
sonnel provide the technical skills required aboard
IMAs. The Manual of Navy Enlisted Manpower and
Personnel Classifcations and Occupational Sandards,
NAVPERS 18068, contains detailed information on the
enlisted rating structure.

Arrival Conference

An arrival conference is usualy held immediately
when a ship begins an IMA availability or an upkeep
period. Representatives of the ship, the repair
department, and the TYCOM usualy attend the
conference. They discuss the relative needs of the ship
and the urgency of each job and approve/disapprove
work requests, clarify uncertainties, and arrange for
temporary services such as electricity and steam.

Work Requests

This section will briefly discuss the routing of the
work request from the time the ship submits the ship’s
maintenance request action form (OPNAVINST
4790/2K) until you receive it to begin work.

As mentioned earlier, the ship will submit a
4790/2K to the TYCOM requesting specific main-
tenance work to be accomplished. The 2K is screened
at the TYCOM level for completeness and to determine
what type of repair facility to assign the maintenance
action to. If the IMA is assigned the maintenance
action, the 2K is routed to the Maintenance Document
Control Office (MDCO) and the automated data
processing (ADP) facility for processing. MDCO and
ADP will process the 2K, entering it onto the CSMP
and will issue an automated work request (AWR) (fig.
2-1) to the IMA.

When the AWR arrives at the IMA, it is screened
by the RO for applicability, shop capability, urgency,
and manning requirements. At this point, the AWR may

2-6

be accepted or rejected by the IMA or deferred to a
future IMA availability, depending on shop loading and
material availability. Before the AWR is accepted,
rejected, or deferred, it will be ship checked by the lead
and assist work centers for applicability. If the AWR is
accepted for work in the current availability, it will be
checked by the P & E and QA divisions for technical
and QA requirements and then issued to the shop.
Remember, this is a general overview of the work
request routing from the customer to the craftsman, and
each IMA has different routing sequences as established
by TYCOM.

Ship/IMA Work Coordination

Ship’s engineering personnel must know the status
of work underway during an IMA availability whether
that work is being done by the ship’s force or the IMA.
Y ou need this information to coordinate your own work
with that being done by the ship’sforce. There are three
basic kinds of work that require coordination: (1)
equipment removed by the ship’s force to be delivered
to the IMA for repair, (2) equipment dismantled by the
ship’s crew so they can send parts to the IMA for repair
(also known as ship-to-shop jobs), and (3) repairs the
IMA force makes on the ship.

The IMA usualy appoints a ship superintendent,
normally a chief petty officer, who should always know
the status of al jobs on the ship and on the IMA. The
ship will also normally appoint a chief petty officer for
that purpose to interface with the IMA. The person(s)
in these positions are a liaison between the ship and the
IMA for al work in progress and completed, and all
tests required and completed. They should keep a daily
running progress report of each job and should report
that information daily to the ship’s/IMA representative.

Repair Department

You need a general idea of the shops composing
the repair department and their functions whether you
are assigned to an IMA or are part of a ship’s company.
In this section, we will describe the shops as they are
organized in the divisions on a destroyer tender (AD),
which is representative of all surface IMAS.
Submarine-related IMAS are organized differently but
have the same capabilities.

HULL REPAIR DIVISION (R-1).—The hull
repair division consists of the shipfitter shop, sheet
metal shop, pipe and copper shop, weld shop, carpenter
shop, diving locker, and canvas shop. As an HT, you
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Figure 2-1—Automated Work Request.
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will probably be assigned to at least a tour of duty as a
member of R-I division. We will explain the duties of
personnel assigned to each of these shops in the follow-
ing paragraphs. On submarine tenders, the carpenter
shop, dive locker, and canvas shops are assigned to R-6
division.

Shipfitter Shop.—Personnel make repairs on the
hull, manufacture and install various structural metal
components, repair or replace watertight fixtures, and
handle alterations designated for forces afloat.

Sheet Metal Shop.—Personnel make al types of
repairs and fabrications on light gauge sheet metal and
handle alterations designated for forces afloat.

Pipe and Copper Shop.—Personnel fabricate and
repair most pipe and tubing, test completed work
hydrostatically, and handle aterations designated for
forces afloat.

Weld Shop.—Personnel weld most metals, includ-
ing high-pressure welding on boilers. They repair
castings, stress relieve castings and forgings, forge
special tools and hull fittings, and case harden
low-carbon steel.

NOTE: The nondestructive testing laboratory
performs all nondestructive testing used to test the
quality of the welds and is part of the quality control
division, R-8.

Carpenter Shop.—Personnel repair and fabricate
most items made of wood, and lay linoleum tile,
magnetite, and terrazzo covers on decks. The pattern
shop functions under the carpenter shop and fabricates
patterns of wood, metal, and plastic for templates and
foundry castings.

Canvas Shop.—Personnel fabricate miscellaneous
canvas covers, avnings, and boat cloths, and they repair
furniture using leather and cloth fabrics.

Diving Locker.—Personnel inspect the underwater
portion of the hull and prepare the underwater hull
reports for the repair officer. They also replace
propellers on destroyers and small ships and repair or
replace other items underwater as needed. They clean
propellers, sonar domes, sea chests, and large injection
valves; clear fouled propellers and sea chests; and
maintain the diving boat and diving equipment in repair
and operational readiness.
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MACHINERY REPAIRDIVISION (R-2).—The
machinery repair division consists of the inside machine
shop, the outside machine shop, the boiler shop, and the
foundry shop. We will explain the duties of personnel
assigned to each of these shops in the following

paragraphs.

Inside Machine Shop.—Personnel repair or
fabricate mechanical parts that require work done on
machine shop tools and equipment. They do metal
plating and engraving, and they test metals to determine
their characteristics. They also handle alterations
designated for forces afloat.

Outside M achine Shop.—Personnel shop test and
repair al types of machinery used in naval ships. They
also handle aterations designated for forces afloat. On
submarine tenders, they are assigned to R-9 division.

Boiler Shop.—Personnel shop test, inspect, and
repair boilers of naval ships.

Foundry Shop.—Personnel pour castings of various
metals to produce repair parts and whole items used on
the ship. On submarine tenders, they are assigned to
R-6 division.

ELECTRICAL REPAIR DIVISION (R-3).—The
electrical repair division consists of the electric shop,
the gyro shop, the printing shop, and the photo shop.

Electric Shop.—Personnel inspect, test, repair, and
make adjustments to nearly all electrical equipment, and
they also handle electrical aterations designated for
forces afloat. (On submarine tenders, the print and
photo shops are assigned to R-O division.)

ELECTRONICS REPAIR DIVISION (R-4).—
The electronics repair division consists of the
electronics shop and the calibration shop.

Electronics Shop.—Personnel align and repair all
types of electronic equipment, make field changes, and
maintain an electronics publications library.

Calibration Shop.—Personnel repair and calibrate
most test equipment used on naval ships.

QUALITY ASSURANCE PROGRAM

As an HT, most repairs that you will make require
agreat deal of quality controlsto ensure that the system



you are working on is restored to its original conditions.
The QA program provides a uniform policy of
maintenance and repair on ships and submarines. It
improves discipline in the repair of equipment, safety of
personnel, and configuration control. It is essentially a
program to ensure that all work meets specifications or
that any departure from specifications is approved and
documented. Y ou, the supervisor or craftsman, are
expected to carry out the QA program. This section will
give you the broad knowledge you need to understand
how it works.

CONCEPTS OF QUALITY ASSURANCE

The ever-increasing technical complexity of
present-day surface ships and submarines has pointed to
a need for special administrative and technical proce-
dures known collectively as the QA program. The
fundamental QA concept is that al maintenance person-
nel have the responsibility to prevent defects from the
beginning to the end of each maintenance operation.
Y ou must consider QA requirements whenever you plan
maintenance, and you must apply the fundamental
rule—MEET TECHNICAL SPECIFICATIONS AT
ALL TIMES.

Quality control (QC) means you regulate events
rather than being regulated by them. It means that you
work with proper methods, material, and tools. In other
words, knowledge is the key, and knowledge comes
from factual information.

The QA program provides a way to document and
maintain information on the key characteristics of
equipment. It helps you base decisions on facts rather
than intuition or memory. It provides comparative data
that will be useful long after you have forgotten the
details of a particular time or event. You can get
knowledge from data, ship's drawings, technical
manuals, material references (such as APLSs), and many
other sources. As you use these sources, you will
develop the special skills you need to analyze
information and supervise QA programs.

A good QA program provides enough information
so you can accomplish the following goals:

® Improve the quality, uniformity, and reliability
of the total maintenance effort.
® Improve the work environment, tools, and

equipment used in maintenance.
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@ Eliminate unnecessary man-hour and dollar
EXPenses.

® Improve the training, work habits, and
procedures of maintenance personnel.

@ Store, locate, and distribute required technical
information more effectively.

® Plan realistic material and equipment/
maintenance tasks.

THE QA MANUALS

The Navy’s fleet commanders in chief (CINCs)
publish and update QA manuals that set forth minimum
QA requirements for both the surface fleets and the
submarine force. The TYCOMSs then publish QA
manuals that apply to their forces but are based on the
fleet CINC manuals. Since these CINC and TY COM
manuals apply to a wide range of ship types,
equipment, and resources, the instructions are general in
nature. Therefore, each activity must implement its own
QA program that meets the intent of the latest versions
of the fleet CINC and TYCOM QA manuals. If higher
authority imposes more stringent requirements, they will
take precedence.

The Navy's QA program applies to maintenance
done aboard ship by the ship’s force, in IMASs, SIMAS,
SRFs, and shipyards. However, this section will
concentrate on QA work done by the ship’s force and
IMASs since you may be assigned to either type of duty.

QA PROGRAM COMPONENTS

The basic thrust of the QA program is to ensure
that you comply with technical specifications during all
work on ships of both the surface fleet and the
submarine force. The key elements of the QA program
include administrative and job execution components.
The administrative component includes the requirement
to train and qualify personnel, monitor and audit
programs, and complete the QA forms and records. The
job execution component includes the requirement to
prepare work procedures, meet controlled material
requirements, requisition and receive material, conduct
in-process control of fabrication and repairs, test and
recertify equipment, and document any departure from
specifications.



THE QA LINK TO MAINTENANCE

The Navy has a long-standing requirement that
maintenance work must meet technical specifications.
The person performing the maintenance is ultimately
responsible for ensuring that this requirement is met.
Therefore, any worker who is expected to do the job
properly must be properly trained, provided with correct
tools and parts, familiar with the technical manuals and
plans, and adequately supervised.

These elements continue to be the primary means of
assuring that maintenance is performed correctly.

Once there is a decision to proceed with
maintenance, you must apply QA requirements at the
same time you plan the maintenance and supervise its
completion. Technical specifications will come from a
variety of sources. The determination of which sources
are applicable to the particular job will be the most
difficult part of your planning effort. Once you decide,
the maintenance objective becomes two-fold: (1) ensure
the maintenance work meets all specifications, and (2)
ensure the documentation is complete and accurate and
can be audited.

THE QA ORGANIZATION

The Navy's QA program organization begins with
the fleet CINCs, who provide the basic QA program
organization  responsibilities and guidelines. The
TYCOMs provide instruction, policy, and overall
direction to implement and operate the force QA
program. Each TYCOM has a force QA officer
assigned to administer the force QA program.
Commanding officers are responsible to the TYCOM,
viathe chain of command, for QA of their organization.
The CO isresponsible for organizing and implementing
a QA program within the organization to carry out the
provisions of the TYCOM's QA manual, and assigns
key QA personnel for that purpose. In most cases, it is
acollateral duty assignment for these key personnel on
ships and a primary duty for key personnel at IMAS.
The following paragraphs will give you a brief
description of the responsibilities of each of these
positions followed by a discussion of their training and
qualifications.

The Commanding Officer
The CO is responsible for the quality of material

within a command, and he/she depends on the full
cooperation of all hands to help meet this responsibility.
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The CO cannot maintain high standards of quality
workmanship by merely creating a QA organization
within a maintenance organization. The organization
must have the full support of everyone within it. It is
not the inspection instruments and instructions that
bring high standards of quality; it is the attitudes of
those who do the work.

The Quality Assurance Officer

The QAO is responsible to the CO for the
organization, administration, and execution of the ship’'s
QA program according to the QA manual. On most
surface ships other than IMAS, the QAO is the chief
engineer with a senior chief petty officer assigned as
the QA coordinator. The QAO is responsible for the
following:

— Coordinating the QA training program as an
integral part of the ship's’/IMA's overall training
program

— Maintaining the ship’'s/IMAs QA records and
test and inspection reports

— Maintaining departure-from-specifications re-
cords that can be audited

— Reviewing procedures and controlled work
packages prepared by the ship/IMA

— Conducting QA audits as required and
following up on corrective action to ensure
compliance with the QA program

— Preparing QA/QC reports as required by higher
authority

— Qudifying key personnel in the QA program.
The Division Officer

The DOs ensure that all division personnel receive
the necessary QA training and qualifications for their
positions and that they carry out their QA
responsibilities.
The Quality Assurance Coordinator

The quality assurance coordinators (QACs) are

senior petty officers assigned to this duty. Personnel
assigned to this duty train other QA personnel, conduct



interviews for prospective QA personnel, and administer
written examinations for QA qualifications.

Ship Quality Control Inspector

If you are awork center supervisor, you will most
often be appointed and trained in the collateral duty of
ship quality control inspector (SQCI). IMAs have
personnel permanently assigned to these positions
within the QA division. As an SQCI, you will be
deeply and directly involved in QA. You must be
familiar with all aspects of the QA program and the QC
procedures and requirements of your specialty. As an
SQCI, you should act as an inspector or assign a
collateral duty inspector at the same time you assign
work to be sure the work is inspected in progress and
on completion. Do not allow personnel in your shop to
do a final inspection on their own work.

Inspections normally fall into one of the following
three inspection areas:

® RECEIVING OR SCREENING INSPEC-
TIONS. These inspections apply to material,
components, parts, equipment, logs and records,
and documents. They determine the condition
of material, proper identification, maintenance
requirements, disposition, and correctness of
related records and documents.

IN-PROCESS INSPECTIONS. These inspec-
tions are specific QA actions that are required
in cases where you cannot know whether the
job was done right without the inspections.
They include witnessing, application of torque,
functional testing, adjusting, assembling, ser-
vicing, and installation.

FINAL INSPECTIONS. These inspections
comprise specific QA actions performed
following the completion of a task or a series
of tasks. An example is an inspection of work
areas after several personnel have completed
tasks.

Most commands that have a QA program will issue
you a specia ID number that will identify you as a
qualified SQCI. In addition, the QAO will assign a
personal serial number to each shop SQCI as proof of
certification to use on al forms and tags that reguire
initials as proof that certified tests and inspections were
made. This will provide documented proof and
traceability to show that each item or lot of items meets
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the material and workmanship for that stage of
workmanship.

Personnel who serve as SQCIs will be responsible
for the following:

@ Developing a thorough understanding of the
QA program.
@ Training al work center personnel until they
are familiar with the QA/QC requirements that
apply to your work.

Ensuring that all controlled work done by your
work center personnel meets the minimum
requirements in the latest plans, directives, and
specifications of higher authority and that
controlled work packages (CWPs) are properly
used on repair work.

Inspecting all controlled work for conformance
to gpecifications and witnessing and
documenting all tests required on these systems.

Maintaining records and files to support the QA
program and ensuring the QA manua is
followed.

Ensuring test personnel use measuring devices,
instruments, inspection tools, gauges, or fixtures
that have current calibration stickers or records
when acceptance tests are performed.

Ensuring a qualified inspector accepts the work
before the ship installs the product when an
inspection is beyond the capability of the
ship’sIMA's QA inspector.

Reporting all deficiencies to the ship's QAC
and keeping the division officer informed.

® Helping the DO and QAO conduct internal

audits and correct discrepancies.

Work Center Controlled
Material Petty Officer

If you supervise awork center that has level | or
subsafe material, you must ensure the procedures that
govern controlled material are followed. Y our work
center or division will usually appoint a controlled
material petty officer (CMPO) to handle these
responsibilities. After training, that person will inspect,



segregate, stow, and issue controlled material in the
work center.

Shop Craftsmen

Shop craftsmen are not normally trained in specific
QA functions as are the key QA people. Still, they must
do their work under QA guidelines if they apply. They
will work closely with their shop supervisors and QA
inspectors to ensure the work is done according to QA
guidelines and procedures.

THE CONTROLLED WORK
PACKAGE

Asan HT, you will be required to document the
repair work that you do on any ship’s system. This
documentation is done in an approved and issued CWP
received from the P & E division. The CWP provides
QC requirements and procedures to help ensure that
fabrication or repair will produce a quality product.
These requirements or procedures include both TY COM
and local command-generated information for work
package processing and sign-off. The typical CWP will
have QA forms, production task control forms,
departure from specifications forms, material deficiency
forms, QC personnel sign-off requirements, and hydro
or test forms. Each CWP covers the entire scope of the
work process and is a permanent and legal record of the
performed work. The job control number (JCN)
provides traceability from the work package to other
certification documentation. When filled in, the CWP
documents adherence to specified quality standards.

Y ou must ensure that the CWP is at the job site
during the performance of the task. Since the CWP is
the controlling documentation for the performance of
any repair work you accomplish, it is required on the
work site to ensure that no steps or inspection are
omitted. If the work procedure requires the
simultaneous performance of procedure steps and these
steps are done in different locations, use locally
developed practices to ensure you maintain control for
each step.

Immediately after ajob is completed, each assigned
work center and the QAO will review the CWP
documentation to be sure it is complete and correct. If
you and your workers have been doing the assigned
steps as stated, this should not be a problem. Be sure all
verification signature blocks are signed. Make sure all
references, such as technical manuals or drawings, are
returned to the appropriate place.
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REPAIR PROCEDURES

Asan HT, you may be required to organize and
supervise an HT shop aboard ship or at a shore facility.
It will be your responsibility to supervise and instruct
personnel of lower rates in the techniques of carpentry
and woodworking, plate and sheet metal layout and
fabrication, pipefitting, and the welding of various types
of metals. In addition, you will be required to estimate
the time, materials, and personnel required for the
completion of various wood and metalworking jobs; to
maintain the HT shop, including all tools and
equipment, in the best possible condition; and to ensure
that all safety precautions are observed by your
personnel. To supervise HT shop work efficiently,
afloat or ashore, you will rely mostly upon your past
experience in shop work and repair procedures.

The purpose of this section isto acquaint an HT
with some of the most important things that must be
considered by a person in charge of awork center. It is
impossible, however, to cover al the procedures and
problems that arise in the daily operations of a work
center. By studying this section of the chapter, you will
become aware of some of the things that occur,
particularly in regard to the job of setting up shop
procedures and the methods by which everyday
problems are solved.

Leading petty officers, especialy those who are in
direct contact with personnel, often fail to recognize
that they are part of the ship’s administrative organiza-
tion. Every petty officer in the shipboard organization
is definitely part of the administrative group. In such a
capacity, you have many responsibilities that you are
expected to carry out by interpreting and executing the
established policies and procedures. Supervisors can
accomplish this properly only when they have a clear
understanding of these policies and procedures, as well
as their place within the command’ s organization.

As asupervisor, the petty officer is expected to spot
operating difficulties in their shop and do something
about them. You must have an understanding of your
department, ship’s organization, and the proper channels
and lines of authority which are open to you. The
further up the organizational chain that you progress,
the greater your responsibilities become. The job of a
supervisor is a detailed one, and most important with
respect to the operation of any naval repair activity or
facility. A weakness in the performance of any supervi-
sory duty or responsibility reduces the effectiveness of
the work center as a whole.



Obvioudly, then, the HT in charge of an HT shop
should fully appreciate and understand the responsibility
he/she holds as a member of a shipboard organization,
and be able to identify each of his’/her duties with
respect to any assigned job. Thisisnot an easy task in
afield so complex and variable as the work of a shop
supervisor.

Some administrative personnel have made long lists
of the responsibilities of shop supervisors. A close
examination of such lists might disclose to each leading
petty officer points of differences as well as points of
agreement. Many differences are of minor importance,
and others represent major differences in responsibili-
ties. After such a comparison, it might be concluded
that an accurate list of duties for any given job can be
made only by the individual occupying the particular
job. The following list includes the duties and responsi-
bilities that are common to most shop supervisors:

® Getting the right person on the right job at the
right time

Using tools and materials as economically as
possible

Preventing conditions that might cause
accidents

Keeping personnel satisfied and happy on the
job

Adjusting individual grievances
Maintaining discipline

Keeping records and making reports

Maintaining the quality and quantity of repair
work

Planning and scheduling repair work

Training personnel

Requisitioning tools, equipment, and materials
Inspecting and maintaining tools and equipment

Giving orders and directions

Cooperating with others
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@ Checking and inspecting completed repairs or
replacement parts

® Promoting teamwork

From the extent of the preceding list it is obvious
that the job of a supervisor covers a broad field. These
items are quite general in nature; therefore, it is
necessary for each HT shop supervisor to carry out a
detailed study of hisher own specific duties and
responsibilities.

The leading petty officer in charge of an HT shop
should take advantage of every opportunity to provide
personnel with specific information about their jobs.
The type of petty officer who says, “Never mind why;
just do as you are told,” is rapidly being replaced by
the supervisor who recognizes the importance of each
individua.

As the leading petty officer in charge of an HT
shop, you should use al possible interest factors. You
should study each of your personnel and use those
interest factors that seem to obtain the best results
according to individual characteristics. Your ability to
interest your personnel in their work is important, as it
determines your success or failure as a supervisor. Y our
proficiency in rating depends in part on the quality and
quantity of work assigned personnel produce, which, in
turn, reflects the morale of the shop personnel and their
interest in their work.

PLANNING AND SCHEDULING JOBS

Careful planning is necessary to keep an HT shop
running efficiently and productively. Remember that
any time lost, whether on a job or between jobs, lowers
the overall efficiency of the shop. To keep the work
flowing smoothly, you will have to consider such
factors as sizing up the job, checking on the availability
of materials and supplies, time and material
requirements, allowing for priority of work, assigning
work, checking the progress of the work, and checking
the completed work.

Sizing up the Job

When a new job order comes into the HT shop,
check it over carefully to be sure that it contains all the
necessary information. Don't start a job until you are
sure that you understand in detail the scope of the job.
If blueprints or drawings will be needed, check to be
sure that they are available. Shipcheck each job as soon



as possible to verify the scope of the job against
available blueprints or other technical documentation.

Checking on Materials

Before starting a job, be sure that all the required
materials will be available. This means not only the
correct kind of wood or metal for the job, but also
whatever other materials may be required to finish the
job, such as glue, dowels, nails, welding rod, rivets,
bolts, clips, and hinges. Ensure that all material used for
the repair meets applicable specifications and are
verifiable.

Estimating Time for a Job

Accuracy in estimating the required time for a
specific job is primarily a matter of experience. When
making a time estimate, you will compare the present
problem with one you have solved in the past. An
estimate, in avery real sense, isaguess, but itisan
intelligent guess when based on the proper use of
records and experience.

From time to time, you will probably be called
upon to give the estimate of the time that will be
needed to complete arepair job. For most of the routine
jobs coming into the HT shop, a quick estimate made
on the basis of your experience will probably be
sufficient. For urgent jobs, however, the time required
for completion may be an important consideration; and
you should be very cautious in making these estimates.
The estimate(s) that you make may have an effect on
the operational schedule of a ship; therefore, it is
important to consider all factors that might affect the
time required for the job.

The following steps are generaly required to make
an accurate estimate of the time that will be required
for arepair job.

1. Study the job order and any blueprints or other
drawings that are applicable to determine the extent of
the job. For arepair job, inspect the damaged item to
determine whether or not it requires repairs or
replacements in addition to those specified in the job
order. In other words, the first thing to do is to get all
possible information about the job.

2. Find out the priority of the job. If it has alower
priority than some of the work already scheduled to be
done in the shop, you will not be able to start work
immediately. Any delay in starting the job must, of
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course, be added to the total estimate of time required
to complete the job.

3. Find out what materials will be required, and
make sure they are available. If the specified materials
are not available, time may be lost while you try to find
a satisfactory substitute.

4. Find out what part of the job (if any) must be
done in other shops. It isimportant to consider not only
the time actually required by these other shops, but also
the time that may be lost if one of the shops holds up
the work of your shop. Never attempt to estimate the
time that will be required by other shops. Each shop
must make a separate estimate, and these estimates must
be combined to obtain the final estimate.

5. Consider al the interruptions that might cause
delay, over and above the time actually required for the
work itself. Such things as ship's drills, inspections,
field days, and working parties will affect the number
of personnel that will be available to work on the job at
any given time.

6. Next, try to estimate the time that will be
required for the work itself. Perhaps the best way to do
thisisto divide the total job into its various phases or
steps that will have to be done. The time required for
each step depends partly on the nature of the job and
partly on the number of personnel available. You may
find it helpful to draw a diagram or chart showing how
many persons can be assigned to each step of the job,
and how long each step islikely to take. Figure 2-2
shows a chart made up to estimate the total time
required to make certain repairs to a gangway.

The total job is divided up into nine phases or
steps:

A. Making the template. This step might take one
person about 1 hour.

B. Obtaining meta fittings (treads and padeyes).

This step might take one person about 1 hour.

C. Renewing one stringer and six treads. This step
might take four people about 6 hours.

D. Sanding the surface and using wood filler. This
step might take two people about 2 hours.

E. Giving thefirst coat of varnish. This step might

take one person about 1 hour.
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Figure 2-2—Estimating time required for a gangway repair job.
F. Drying time (8 hours). This must be counted in STEPC 24 man-hours
the total estimate even though no work can be
done on the gangway during this period. STEP D 4 man-hours
G. Giving the second coat of varnish. This step STEPE 1 man-hour
might take one person about 1 hour.
STEPF 0 man-hour
H. Drying time (8 hours).
STEP G 1 man-hour
[. Putting on the metal fittings. This step might
take one person about 1 hour. STEP H 0 man-hour
Notice that, although there are four people available STEPI 1 man-hour
to work on thisjob, it is not possible for al four to be
working on it at all times. Most of the work must be TOTAL = 33 man-hours

done in sequence; for example, you can’t finish the
surface before you have renewed the stringer and treads,
and you can't make the new stringer and treads before
you have made the template. Step A (obtaining the
metal fittings) could be performed at any convenient
time before step | (putting on the metal fittings). The
advantage of using a diagram such as the one shown in
figure 2-2 is that it shows at a glance the total number
of hours that must be allowed for the work-in this
case, 28 hours.

The diagram shows you something else, too: the
number of man-hours required for each step. Let’s add
these up:

STEP A 1 man-hour

STEPB 1 man-hour
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So you find that the total job requires 33 man-hours
of work. But what does this mean? Does the number of
man-hours tell you how long the job is going to take?
Isit safe to assume that a job requiring 33 man-hours
can be donein 8 1/4 hours if you put four people to
work on it? Obviously not, since there is a limit to the
number of people who can work on the job at any
given time.

The unit MAN-HOURS, then, is a measure of
amount of work but not of total length of time. You
should be very cautious about using man-hours when
estimating how long a job will take, since this measure
does not allow for the sequence in which the work must
be performed, the number of steps required, or the
number of people who can work on the job at each

step.



Material Estimates

The material you will use on agiven job will be
determined from specifications or plans. If the material
is not specified, you will decide what you need and
select it. Your decision will be based on the purpose of
the structure or object, and the conditions that it will
meet in service. Some of the “in-service conditions’ are
resistance to corrosion, resistance to acids, or resistance
to wear. You will have to consider the weight to be
supported, pressures to be withstood, and working
stresses that may be encountered. Safety, too, is an
important point to consider in determining the material
to use on a particular job. There is no set rule to fol-
low. Each problem must be considered individually.

ALLOWING FOR WASTE.—In most jobs, a
careful study of the detail plans will revea the exact
amount of material needed for a particular installation
or repair. However, it is sometimes impossible to use
every linear foot of alength of pipe or bar stock or to
use every square foot of plate or sheet metal. Some
waste is unavoidable, and an allowance for such waste
IS necessary in material estimates.

WEIGHT CONSIDERATIONS—Weight consid-
erations are important in shipboard repairs and alter-
ations. Consequently, it not only may be necessary for
you to determine the amount of material required for a
job, but also to calculate the weight of the material
going into the job. The weight of pipes, tubes, plates,
sheets, and bars can be determined in either of two
ways:. (1) by referring to tables in a handbook and
locating the weight per linear or square foot of the
particular material in question; and (2) by arithmetical
computation. For example, suppose you need to know
the weight of a 30-foot length of 2 1/2-inch extra strong
steel pipe. By referring to the appropriate table in a
piping handbook, we find that this pipe weighs
approximately 7.66 pounds per linear foot. Thus, a
30-foot length weighs 229.8 pounds.

But, suppose you do not have such tabulated
information available. In that case, it is necessary to
determine the volume of metal involved and multiply
that result by the weight of the metal per cubic inch. To
compute the volume of metal in a pipe or tube, think of
it as being two cylinders. The outside diameter being
cylinder 1 and the inside diameter being cylinder 2. The
result obtained by subtracting the volume of cylinder 2
from the volume of cylinder 1 will be the volume of
metal (in cubic inches) contained in the pipe or tube.
The volume of acylinder is equal to the area of the

base times the height (t R°H. For example, to compute
the weight of the 2 1/2-inch extra strong steel pipe
shown in figure 2-3, you would use the following
procedure:

Step 1. Compute the volume of metal contained in
cylinder 1, using the formula volume = TR%H.
Substituting known values we find that:

n = 3.1416

R = 14375

H = 30 ft (360 inches)

V = 3.1416 (1.4375)°360
V =2337.0cuin.

Step 2. Compute the volume of metal contained in
cylinder 2:

n = 3.1416
R = 11615
H =30 ft (360 inches)

V = 3.1416 (1.1615)*360

V = 1525.7 cu in.
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Figure 2-3—Actual measurements of inside and outside
diameters of 2 1/2-inch extra strong steel pipe.



Step 3. Find the volume of metal contained in the
pipe by subtracting the volume of cylinder 2 from the
volume of cylinder 1:

2337.0- 1525.7 =811.3 cuin.

Step 4. Find the weight of the pipe by multiplying
the volume of metal by the weight of steel, shown in
table 2-1:

811.3x0.284 = 2304 |Ib

The weight of plate and sheet metal structures may
be found by computing the volume of metal contained
(in cubic inches), and then multiplying the volume by
the weight of the metal (per cubic inch), as shown in
table 2-2. As an example, find the weight of a steel
plate that is 68 inches in length, 44 inches wide and 1/2
inch thick. Using the formula weight = volume x
weight of the metal per cubic inch, we use the
following procedure:

Step 1. Compute the volume of metal contained.

Volume = length x width X thickness
V =68x44x1/2
V =149 cuin.
Step 2. Find the weight of the steel plate.
Weight = volume of metal x weight per cu in.
W = 1496 x 0.284

W =424.86 Ib

Table 2-1.—Weight of Common Metals

Material Pounds per
cubic inch
Aluminum 0.098
Yellow brass 0.307
Naval brass 0.304
Copper-nickel 0.323
Cast iron 0.258
Steel 0.284
Lead 0.4106
Copper 0.321
Tin 0.265
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Table 2-2—Weight of Various Gauges of Uncoated Plain
Steel Sheet Metal

=

Gauge Decir(r:ﬁ::;l::g; ness Yv:_ic?:a:r(ep?:c:ld:e’:er

indicated thickness)
1 0.1196 4.89
12 0.1046 4.28
13 0.0897 3.67
14 0.0747 3.06
16 0.0598 2.45
18 0.0478 1.95
20 0.0359 1.47
22 0.0299 1.22
24 0.0239 0.98
26 0.0719 0.73
28 0.0149 0.61
30 0.0120 0.49

The weight of steel per square foot may be
determined by multiplying the thickness of the metal by
40.9. Table 2-2 lists the weight per square foot of the
various gauges of uncoated plain steel sheet metal, and
also the decimal equivalents of the different gauges.

Obvioudly, to calculate the weight of a particular
structure, you must be able to break the whole down
into its component geometrical parts, circles, squares,
rectangles, pyramids, and so on, and determine their
respective volumes. Further, you need to know the
weight of metal per cubic inch. Thisinformation can be
found in a variety of handbooks readily available in the
engineer or repair department office. Table 2-1 gives
the information for a few of the more common metals.

When specific job requirements are known,
estimating of material needed is no problem. However,
when estimating requirements for future use, you will
have to anticipate your needs. Referring to records of
previous jobs and records of materials expended can
help eliminate much guesswork.

Priority of Work

In scheduling work in an HT shop, you will have to
consider the priority of each job. Most job orders will
have a ROUTINE priority; this means that they must be
done as soon as possible, within the normal capacity of
the shop. Jobs having an URGENT priority must be



done immediately, even at the expense of routine jobs
that may be in progress. Jobs with a DEFERRED
priority do not constitute a problem, since they are
usually accomplished when the workload of the shop is
light and there are no routine or urgent jobs to be done.

Assigning Work

The assignment of work in the HT shop is
extremely important. As a rule, the more complicated
jobs should be assigned to the more experienced
personnel. When time and the workload of the shop
permit, however, the less experienced personnel should
be given difficult work to do under proper supervision
so that they may acquire skill and self-confidence.

When assigning work, be sure that the person who
is going to do the job is given as much information as
necessary. An experienced person may need only a
drawing and a general statement concerning the finished
product. A less experienced person will probably
require additional instructions concerning the layout of
the job and the procedures to be followed.

Checking Progress of Work

When you are in charge of the HT shop, you will
have to keep a constant check on the progress of all
work. In particular, be sure that the proper materials are
being used, that the work is set up properly, that
personnel are using the correct tools properly, and that
all safety precautions are being observed. Note the
progress of each job in relation to the planned schedule
of work; you will probably find that some jobs are
ahead of schedule, while others are lagging behind. If
necessary, reschedule the work to prevent the
development of bottlenecks. By frequently talking to
shop personnel and answering their questions, you can
prevent jobs from being spoiled, as might happen if you
were not available to give correct details on the jobs.

Checking Completed Work

When you are in charge of the HT shop, it will be
your responsibility to inspect and approve al finished
work beforeit is allowed to leave the shop. In addition,
you must make sure that all shop records concerning
finished work are complete, correct, and up to date.

SHOP MATERIALS

In all probability, your first experience with naval
supplies and repair parts was as a member of a store's
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working party. At that time, however, you probably did
not understand “how” or “why” the stores were placed
aboard. Asa HTI or HTC, you are expected to know
the immediate supply channels in order to obtain the
material you need. The fact that there are supply
specialists aboard does not relieve you of the
responsibility for aiding in procuring, handling, stowing,
and accounting for the materials used in your shop.

The big job of supply is handled by the supply
department. But if that department does not know what
you need, you are not going to have the material you
want when you need it. It is your responsibility to keep
the proper people informed of your estimated needs so
that you will have the required materials on board at all
times. Most of your orders will be placed through your
division officer or the head of the department, but in
some cases, you may order directly from the supply
officer.

Selecting Materials and Repair Parts

The materials and repair parts to be used are
specified for many jobs, but not for all. When materials
or parts are not identified in the instructions
accompanying the job, you will have to use your own
judgment or do some research to find out just what
materia or part should be used. When you must make
the decision yourself, select the material on the basis of
the purpose of the structure or part and the service
conditions it must withstand. Operating pressure and
operating temperature must be considered in selecting
materials. For some applications, wear resistance or
corrosion resistance will be important; for others (as, for
example, for high-temperature steam piping), creep
resistance will be a necessary property of the material.

The shipboard sources of information that will be
helpful to you in identifying or selecting materials and
repair parts include (1) nameplates on the equipment,
(2) manufacturers’ technical manuals and catalogs, (3)
stock cards maintained by the supply officer, (4)
specifications for ships, (5) ship's plans, blueprints, and
other drawings, and (6) alowance lists.

NAMEPLATES on equipment supply information
regarding the characteristics of the equipment, and are
therefore a useful source of information concerning the
equipment itself. Nameplate data seldom, if ever,
include the exact materials required for repairs;
however, the information given on the characteristics of
the equipment may be a useful guide for the selection
of materials.



MANUFACTURERS TECHNICAL MANUALS
are furnished with practically all machinery and
equipment on board ship. Materials and repair parts are
sometimes described in the text of these technical
manuals; usually, details of materials and parts are
given on the drawings. Manufacturers catalogs of repair
parts are sometimes furnished with shipboard
equipment.

The set of STOCK CARDS that is maintained by
the supply officer is often a valuable source of
information for the identification of repair materials and
repair parts. One of these cards is maintained for each
machinery repair part carried on board.

SHIP'S PLANS, BLUEPRINTS, and other drawings
available on board ship are excellent sources of
information on materials and parts to be used in making
various repairs. Many of these plans and blueprints are
furnished in regular large sizes, some drawings are
being furnished on microfilm to naval shipyards and to
repair ships and tenders.

Handling Materials and Equipment

As an HT, your duties will include the supervision
of the handling, stowing, and inventory of all shop
materials and repair parts. The rigging and actual
transferring of the materials, parts, and equipment to
your ship will be done under the supervision of the
Boatswain's Mate. It is your responsibility to furnish the
personnel and supervise the stowage of the materials or
equipment in the proper shop stowage space.

Heavy plate is usually handled with wire rope dlings
or straps or with an approved-plate clamp such as the
one shown in figure 2-4. These clamps should NOT be
used for handling bundles of sheet metal, since the
sheets in the middle could slip and cause the entire load
to drop. Bulky items such as bars, strap, and structural
shapes are usually handled with dlings or straps. The
chokers shown in figure 2-5 are effective devices for
handling pipe and other materials that must be gripped
tightly; when the hooks are used in pairs, the pull
should be from opposite sides of the load, as shown in
figure 2-5.

STOWAGE.—Whenever possible, repair parts
should be stowed in specia storerooms. On small ships,
where it may be impracticable to stow repair parts
boxes in storerooms, the boxes are generally located in
(or near) the same space as the machinery for which
they are required. Where the supply department has
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Figure 2-4.—Clamp for handling heavy plate.
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Figure 2-5—Chokers for handling pipe.

custody of repair parts, storerooms with bins and
drawers for individual stowage of repair part items are
generally used instead of the repair parts boxes. The
available space and the type of work done in the shop
are factors that determine how much material is stowed
in the shops and how much is stowed in storerooms.

Pipe Shop Stowage.—In atender or repair ship
pipe shop, for example, you will probably not have



room for al the varied sizes and lengths of materials
that you may use. However, storage should be provided
in the pipe shop for the most commonly used pipe sizes
and also for the leftover lengths that accumulate in the
course of time. Overhead or bulkhead storage racks are
often used for stowage of piping. Stowage should be
provided in the pipe shop for the most commonly used
valves, fittings, bolts, nuts, rivets, and other items
required for piping repairs.

Weld Shop Stowage.—In a welding shop, you will
have the problem of stowing welding machines,
welding rods, protective equipment, and al the other
gear required for welding. Particular precautions should
be taken in stowing electrodes to make sure that they
will be kept dry and that the coated surfaces will not be
chipped.

Sheet Metal Shop Stowage.—In the sheet metal
shop and in the shipfitter shop, the stowage of large
sheets, bars, or structural shapes will present special
problems. In a general-purpose HT shop, the require-
ments vary so much from day to day that you will
probably find it impracticable to stow large amounts of
any one materia; instead, you will draw your material
as you need it from a storeroom. The main stowage
problem that you are likely to have in a general-purpose
HT shop is the stowage of leftover materials.

STOWAGE REQUIREMENTS—No matter what
type of shop you are in, certain genera rules apply to

the stowage of material and equipment. Some of thest
important of these are as follows:

® Stow material neatly and in such away that
you can get it when you need it.

® Identify all materials. A piece of carbon
molybdenum steel looks just like a piece of
mild steel, but you cannot use the two materials
for the same purpose. Materias should be
identified by labels for each bin or rack, by
shipping tags attached to the materials, by
color-code markings (when applicable), and by
stock number. Keeping the stock number with
the material will save you time and trouble
when you need to reorder material.

® Protect all materials against rust and other
corrosion and against other kinds of damage.

@ Be sure that your stowage facilities include
provision for securing for sea. Metal sheets,
bars, structural shapes, pipes, and tubes must be
secured so that they will not shift when the ship
is underway. Padeyes, turnbuckles, wedges,
bars, and C-clamps can be used to secure
materials.

® Within the limits of available space, provide
stowage facilities that will make the shop a
convenient place to work.
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Figure 2-6.—Shell section of a destroyer.



HULL MEMBERS

In the repair of ships, it isimportant that you have
an understanding of basic ship structure. Therefore, the
following section will discuss the structura parts of a
ship and the purpose of the parts.

The principal strength members of the ship’s
structure are located at the top and bottom of the hull
where the greatest stresses occur. The top section
includes the main deck plating, the deck girders, and
the sheer strakes of the side plating. The bottom section
includes the keel, the outer bottom plating, the inner
bottom plating, and any continuous longitudinals in way
of the bottom. The side webs of the ship girder are
composed of the side plating, aided to some extent by
any long, continuous fore-and-aft bulkheads. Some of
the strength members of a destroyer hull girder are
indicated in figure 2-6.

KEEL

The keel isthe most important structural member of
aship. It is considered to be the backbone of the ship.
The keel is built up of plates and angles into an I-beam
shape (fig. 2-7). The lower flange of this I-beam
structure is the flat keel plate, which forms the center
strake of the bottom plating. (On large ships, an
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Figure 2-7.—Typical welded keel section.

additional member is attached to this flange to serve as
the center strake.)

The web of the I-beam is a solid plate that is called
the vertical keel. The upper flange is called the rider
plate; this forms the center strake of the inner bottom
plating. An inner vertical keel of two or more sections,
consisting of I-beams arranged one on top of the other,
is found on many large combatant ships.

FRAMING

Frames used in ship construction may be of various
shapes. Frames are strength members. They act as
integral parts of the ship girder when the ship is
exposed to longitudina or transverse stresses. Frames
stiffen the plating and keep it from bulging or buckling.
They act as girders between bulkheads, decks, and
double bottoms, and transmit forces exerted by load
weights and water pressures. The frames also support
the inner and outer shell locally and protect against
unusual forces, such as those caused by underwater
explosions. Frames are called upon to perform a variety
of functions, depending upon the location of the frames
in the ship. Figure 2-8 shows various types of frames
used on board ship.

There are two important systems of framing in
current use:the transverse framing system and the
longitudinal framing system. The transverse system
provides for continuous transverse frames with the
widely spaced longitudinals intercostal between them.
Transverse frames are closely spaced and a small
number of longitudinals are used. The longitudinal
system of framing consists of closely spaced
longitudinals, which are continuous along the length of
the ship, with transverse frames intercostal between the
longitudinals.

Transverse frames are attached to the keel and
extend from the keel outward around the turn of the
bilge and up to the edge of the main deck. They are
closely spaced along the length of the ship, and they
define the form of the ship.
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Figure 2-8.—Types of frames used on board ship.



Longitudinals (fig. 2-9) run paralel to the keel
along the bottom, bilge, and side plating. The
longitudinals provide longitudinal strength, stiffen the
shell plating, and tie the transverse frames and the
bulkheads together. The longitudinals in the bottom
(called side keelsons) are of the built-up type (fig.
2-10).

Where two sets of frames intersect, one set must be
cut to alow the other to pass through. The frames,
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Figure 2-9.—Basic frame section (longitudinal framing).
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Figure 2-10.—Built-up longitudinal.
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Figure 2-11.—Intercostal and continuous frames.

which are cut and thereby weakened, are known as
intercostal frames; those that continue through are
called continuous frames. Both intercostal and
continuous frames are shown in figure 2-11.

A cellular form of framing results from a
combination of longitudinal and transverse framing
systems using closely spaced deep framing. Cellular
framing is used on most naval ships.

In the bottom framing, which is normally the
strongest portion of the ship's structure, the floors and
keelsons are integrated into arigid cellular construction
(fig. 2-12). Heavy loads, such as the ship’s propulsion
machinery, are bolted to foundations that are built
directly on top of the bottom framing (fig. 2-13). (This
method is outdated and is being replaced by block
assembly technology.)

In many ships, the top of this cellular region is
covered with shell plating, which forms many tanks or
voids in the bottom of the ship. The plating over the
intersection of the frames and longitudinals is known as
the inner bottom plating. The inner bottom plating is a
watertight covering laid on top of the bottom framing.
It is a second skin inside the bottom of the ship. It
prevents flooding in the event of damage to the outer
bottom, and it also acts as a strength member. The
tanks and voids may be used for stowage of fresh water
or fuel oil or they can be used for ballasting.