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PREFACE

This Training Manual (TRAMAN) and Nonresident Training Course
(NRTC) form a self-study package to teach the theoretical knowledge and
mental skills needed by the Machinery Repairman Third Class and Machinery
Repairman Second Class. To most effectively train Machinery Repairmen,
this package may be combined with on-the-job training to provide the necessary
elements of practical experience and observation of techniques demonstrated
by more senior Machinery Repairmen.

Completion of the NRTC provides the usual way of satisfying the
requirements for completing the TRAMAN. The set of assignments in the
NRTC includes learning objectives and supporting questions
designed to help the student learn the materials in the TRAMAN.

1990 Edition

Stock Ordering No.
0502-LP-213-1100

Published by
NAVAL EDUCATION AND TRAINING PROGRAM
MANAGEMENT SUPPORT ACTIVITY

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON, D.C.: 1990




THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY

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

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

WE SERVE WITH HONOR

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

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

Our responsibilities sober us; our adversities strengthen us.

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

THE FUTURE OF THE NAVY

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

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

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

Never have our opportunities and our responsibilities been greater.
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CHAPTER 1

SCOPE OF THE
MACHINERY REPAIRMAN RATING

The official description of the scope of the
Machinery Repairman rating is to ‘‘perform
organizational and intermediate maintenance on
assigned equipment and in support of other ships,
requiring the skillful use of lathes, milling
machines, boring mills, grinders, power hack-
saws, drill presses, and other machine tools;
portable machinery; and handtools and measuring
instruments found in a machine shop.’’ That is
a very general statement, not meant to define
completely the types of skills and supporting
knowledge that an MR is expected to have in the
different paygrades. The Occupational Standards
for Machinery Repairman contain the require-
ments that are essential for all aspiring Machinery
Repairmen to read and use as a guide in planning
for advancement,

The job of restoring machinery to good work-
ing order, ranging as it does from the fabrication
of a simple pin or bushing to the complete
rebuilding of an intricate gear system, requires
skill of the highest order at each task level. Often,
in the absence of dimensional drawings or other
design information, a Machinery Repairman must
depend upon ingenuity and know-how to
successfully fabricate a repair part.

One of the important characteristics you will
gain from becoming a well trained and skilled
Machinery Repairman is versatility. As you gain
knowledge and skill in the operation of the many
different types of machines found in Navy
machine shops, you will realize that even though
a particular machine is used mostly for certain
types of jobs, it may be capable of accepting many
others. Your imagination will probably be your
limiting factor and if you keep your eyes, ears,
and mind open, you will discover that there are
many things going on around you that can
broaden your base of knowledge. You will find
a certain pleasure and a source of pride in develop-
ing new and more efficient ways to do something
that has become so routine that everyone else
simply accepts the procedure currently being used
as the only one that will work.

The skill acquired by a Machinery Repairman
in the Navy is easily translated into several skills
found in the machine shops of private industry.
In fact, you would be surprised at the depth and
range of your knowledge and skill compared to
your civilian counterpart, based on a somewhat
equal length of experience. The machinist trade
in private industry tends to break job descriptions
into many different titles and skill levels. The
beginning skill level and one in which you will
surely become qualified is ‘‘Machine Tool
Operator,”’ a job often done by semiskilled
workers. The primary requirement of the job is
to observe the operation, disengage the machine
in case of problems and possibly maintain manual
control over certain functions. Workers who do
these jobs usually have the ability to operate a
limited number of different types of machines.
Another job description found in private industry
is “‘Layout Man.’’ The requirement of this job
is to layout work that is to be machined by some-
one else. An understanding of the operation and
capabilities of the different machines is required,
as well as the ability to read blueprints. As you
progress in your training in the Machinery
Repairman rating you will become proficient in
interpreting blueprints and in planning the
required machining operations. You will find that
laying out intricate parts is not so difficult with
this knowledge. A third job description is ‘‘Set-
up Man,”’ a job which requires considerable
knowledge and skill, all within what you can
expect to gain as a Machinery Repairman. A set-
up man is responsible for placing each machine
accessory and cutting tool in the exact position
required to permit accurate production of work
by a machine tool operator. An “‘All Around
Machinist®’ in private industry is the job for which
the average Machinery Repairman would qualify
as far as knowledge and skill are concerned.
This person is able to operate all machines in the
shop and manufacture parts from blueprints.
Some Machinery Repairmen will advance their
knowledge and skills throughout their Navy career




to the point that they could move into a job as
a ““Tool and Die Maker’’ with little trouble. They
also acquire a thorough knowledge of engineer-
ing data related to design limitations, shop math
and metallurgy. There are many other related
fields in which an experienced Machinery Repair-
man could perform—instrument maker, research
and development machinist, toolroom operator,
quality assurance inspector, and of course the
supervisory jobs such as foreman or
superintendent.

The obvious key to holding down a position
of higher skill, responsibility, and pay is the same
both in the Navy and in private industry. You
must work hard, take advantage of the skills and
knowledge of those around you, and take pride
in what you do regardless of how unimportant
it may seem to you. You have a great opportunity
ahead of you as a Machinery Repairman in the
Navy; a chance to make your future more secure
than it might have been.

TYPICAL ASSIGNMENT
AND DUTIES

As a Machinery Repairman you can be
assigned to a tour of duty aboard almost any type
of surface ship, from a small fleet tug, which has
a small 10- or 12-inch lathe, a drill press and a
grinder, to a large aircraft carrier that is almost
as well equipped in the machine shop as a tender
or repair ship. You will find that although a
ship’s workspace is relatively small the machine
shop will have more equipment than you might
imagine. A lathe, drill press and grinder can
almost be assured, but in many cases a milling
machine and a second lathe are also available. A
tender or repair ship is similar to a factory in the
types of equipment that are installed. You will
find the capabilities of such a ship to be very
extensive in all areas required to maintain the
complex ships of today’s Navy. A Machinery
Repairman is not destined to spend an entire
career on sea duty. There are many shore
establishments where you may be assigned. The
Navy has shore-based repair activities located at
various places throughout the United States and
overseas. Most of these have wide-ranging
capabilities for performing the required
maintenance, There are general billets or
assignments ashore that will not necessarily be
associated with the Machinery Repairman rating,
but which add to an individual’s overall experience
in other ways.
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It would be difficult to detail the duties that
you may perform at each of your assignments.
You will find that on small ships you may be the
only Machinery Repairman aboard. This requires
that you be self-motivated toward learning all you
can to increase your ability as a Machinery Repair-
man and that you seek advice from sources off
of your ship when you have an opportunity. You
will be surprised at how good you really are when
you make an honest effort to do your best.
Regardless of your assignment, you will have an
opportunity to work with personnel from other
ratings. This can be an experience in itself. There
are many interesting skills to be found in the
Navy. None of them are easy, but many will offer
you some amount of knowledge that will increase
your effectiveness as a Machinery Repairman.

TRAINING

Training is the method by which everyone
becomes knowledgeable of and skilled in any
activity, whether it’s a job, a sport or something
as routine as eating the proper foods. Training
can take many forms and can be a conscientious
or unconscientious effort on your part. However,
you will make the most progress when you
recognize the need to increase your level of
knowledge, take the required action to obtain the
training and fully apply all your efforts and
resources to realize the maximum benefit from the
training. In the following paragraphs, we will
present a brief description of each type of train-
ing available to a Machinery Repairman. Keep in
mind that the information listed is peculiar to your
rating and that the Navy has many other programs
available which will allow you to increase your
general education. You can obtain information
concerning these programs from your career
counselor or education officer.

FORMAL SCHOOLS

The Navy has available several schools which
provide an excellent background in the Machinery
Repairman rating. You may have an opportunity
to attend one or more of them during your career
in the Navy.

The fundamentals of machine shop practice
are taught in Machinery Repairman ‘‘A’’ school.
Classroom instruction provides the theory of basic
operating procedures, safety precautions and
certain project procedures, while time spent in the
shop provides hands-on experience, supervised by



a trained and skilled instructor. Some of the
equipment that you can expect to work with in
this course are lathes, milling machines, drill
presses, band saws, cutoff saws, pedestal grinders
and engraving machines. The length and specific
content of the course may vary from time to time
to accommodate the needs of the fleet. You will
have no difficulty in performing the work in a
Navy machine shop if you apply yourself in MR
“A’’ school.

Advanced machine shop practice and the heat
treatment of metals are taught in Navy schools
also. These courses are usually attended by
personnel in their second and subsequent
enlistments at ‘‘C”’ school. Course content
generally covers the information and associated
equipment required for advancement to MR1 and
MRC, although the schools are not required to
establish eligibility for advancement.

You should consult with your leading petty
officer or career counselor to obtain the most
current information regarding school availability
and your eligibility to request attendance.

TRAINING MANUALS
AND NONRESIDENT
TRAINING COURSES

Navy training manuals and nonresident train-
ing courses are designed as a self-study method
to provide instruction to personnel in a variety
of subjects. You can choose your own pace in
working the courses, and you are allowed to refer
to the book when trying to decide on the best or
correct answer, If you are to learn anything, you
must work the course yourself and not take the
answers from someone else. Some training
manuals and nonresident training courses are
mandatory for you to complete to meet advance-
ment requirements. These courses are listed in the
Manual for Advancement, BUPERINST 1430.16
(series), and in the current (revised annually) issue
of the Bibliography for Advancement Study,
NAVEDTRA 10052 (series), where they are
indicated by asterisks (*). Remember that as you
advance you are responsible for the information
in the training manuals for the paygrades below
yours, in addition to the courses for the next
higher paygrade. A course offers an excellent
opportunity to become familiar with a subject
when you cannot be personally involved with the
equipment. There are many small but important
points that will be covered in a course that you
otherwise may not learn,
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ON-THE-JOB TRAINING

On-the-job training is probably the most
valuable of all the training methods available to
you. This is where you put the textbook theories
and general procedures into specific job practice
in personal contact with the problem at hand. All
those unfamiliar terms that you read about in a
course now begin to fit into a plan that makes
sense to you. The one very important thing for
you to remember is that when you are unsure
about something, ask questions. An unusual job
experience is of little value to you if you have to
wing your way through it tooth and nail, guess-
ing at each new step. The people that you work
with and for had to learn what they know by
asking questions, so they won’t think you any less
efficient or valuable when you ask. There will be
opportunities to tackle jobs which are difficult and
seldom done, jobs which offer a great deal of
experience and knowledge. These are the jobs that
you should be really aggressive in pursuing and
eager to accept. Regardless of the profession or
the employer, the person who gets ahead is usually
the one who is highly motivated toward increasing
personal capacity, thereby, becoming more
valuable to his or her employer, The Navy is no
different than any other employer in this sense.

OTHER TRAINING MANUALS

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

The training manuals you must use in conjunc-
tion with this one to attain your required
professional qualifications are:

1. Mathematics, Vol 1, NAVEDTRA 10069
and Mathematics, Vol. 2, NAVEDTRA 10071,
These two volumes provide a review of the
mathematics you will need in shop work.

2. Blueprint Reading and Sketching,
NAVEDTRA 10077, provides information on
blueprint reading and layout work.



3. Tools and Their Uses, NAVEDTRA 10085,
provides specific and practical information in the
use of almost any handtool you are likely to use.

It is important that you keep abreast of
required training manuals. To ensure that the
most current manual is available, you should
check the Bibliography for Advancement Study,
NAVEDTRA 10052 (series), and List of Train-
ing Manuals and Correspondence Courses,
NAVEDTRA 10061 (series). Both of these
references are revised annually, so be sure you
have the latest one,

In addition, there are three sources of technical
information that are ordinarily available on board
your ship: (1) NAVSHIPS’ Technical Manual,
which contains the official word on all shipboard
machinery, (2) technical manuals provided by the
manufacturers of machinery and equipment used
by the Navy, and (3) machinist’s handbooks. Most
of these books should be readily available.
However, if they are not, your leading petty
officer or division officer can request them
through proper channels.

SAFETY

As a Machinery Repairman, you will be
exposed to many different health and safety
hazards every day. A great many of these are
common to all personnel who work and live
aboard a Navy ship or station, and some are
peculiar only to personnel who are involved with
jobs within machinery spaces. Information
concerning these can be found in both the Fireman
and Basic Military Requirements training manuals
as well as instructions prepared by your
command. In this section we shall look at some
of the more common safety hazards you will find
in a machine shop and some of the precautions
you can take to prevent an injury to either yourself
or someone else. You will find that safety is
stressed throughout this manual as well as the
importance of an individual’s responsibility to not
only be familiar with and observe all safe working
standards personally, but also to encourage others
to do so. Safety is a subject where the ‘‘learn by
doing’’ method does not provide the greatest
advantage.

Your eyes are one of your most priceless
possessions. When you think about this and try
to imagine how you would get along without
them, you will agree that the slight inconvenience
caused by wearing safety glasses, goggles or a face
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shield is a small price to pay for eye protection.
Wear safety glasses or goggles any time you are
around machinery in operation, including hand-
tools, whether powered or nonpowered. Safety
glasses that have side guards are the most
effective for keeping out small metal chips or
particles from grinding wheels. You should wear
a face shield and safety glasses at all times
whenever you are around any grinding operation.

Another item of protection is safety-toe shoes.
Granted, the additional weight of the steel
reinforced toe does not make them the most
comfortable shoes you can wear, but they do offer
outstanding foot protection and are much more
comfortable than a cast. Look around your shop
at the dents left in the deck from objects being
dropped. Do you think your unprotected foot
would fare any better?

Some of the objects you will be handling in
the shop will have sharp or ragged edges on them
that can cut easily. You should remove as many
of these ‘““burrs’’ as possible with a file. In spite
of your filing efforts, heavy objects will still cut
easily where there is a corner. A pair of leather
or heavy cotton work gloves will protect your
hands in these cases. You should NOT wear gloves
when operating machinery. The chances of their
being caught are too great.

L.oose fitting clothing worn around moving
machinery will test your strength if it is caught
in the rotating equipment. You would be amazed
at the strength a shirt has when being wound up
on a machine. Rings, bracelets and other jewelry
can snag on projections of a rotating part and take
a finger or other part of your body off before you
know you have a problem.

How many times have you seen someone bend
over and pick up a heavy object by using his or
her back? Chances are this same person will
eventually injure himself or herself. The correct
way to lift any heavy object is to get as close to
the object as you can, spread your feet about a
foot apart and squat down by bending your knees.
Keep your back straight during the lift. When you
grasp the object, lift by using the muscles in your
legs and hold the object close to your body. Walk
slowly to your destination and lower the part
exactly as you lifted it. If you have to lift
something higher than your waist, seek assistance.
Of course, there is a limit to how much weight
anyone can safely pick up and this should not be
exceeded.

Good housekeeping practices may demand a
little more of your time than you are willing to
give on some occasions, but this is just as



important to a safe shop as any other measure
you can take. Small chips made during a
machining operation can become very slippery
when allowed to collect on a steel deck. Long, un-
broken chips can trip or cut someone walking past
them. Lubricating oil that has seeped from a
machine or a cutting oil thrown out by the
machine can be an extreme hazard on a steel deck.
All liquid spillage should be cleaned up right
away. If your job is causing a hazard to other
personnel by throwing chips or coolant into a
passageway, speak with your supervisor about
isolating the immediate area by stretching tape
across the area. Unused metal stock, small and
large parts of equipment being worked on,
toolboxes and countless other objects should not
be left laying around the shop where traffic can
be expected to go or where a machine operator
may have to be positioned. Most well organized
shops have a place for storing all movable objects
and this is the place for them. It will save you time
when daily cleanup or field day comes along, and
it may prevent a serious injury.

To protect yourself from injury while
operating ship machinery, there are several things
you can do. The first thing is to make sure that
you know how the machine operates, what each
control lever does, the capability of the machine
and especially where the stop button or clutch
lever is in case an emergency stop is required. All
guards that cover gears, drive belts, pulleys or
deflect chips should be in place at all times. Use
the correct tool for the job you are doing. This
means more than using a scraper to remove paint
instead of a 6-inch ruler. Every machine or hand-
tool has a safe working limit that was determined
by considering the stresses it is subjected to
during its intended use. Excessive pressures could
cause machine or tool failure followed by injury.

Whenever you are operating a machine, give
it your total concentration. Save daydreaming for
a more relaxed time. If you must talk with some-
one, shut your machine off.

Electrical safety is not the private respon-
sibility of the electricians. They can keep the
equipment operating safely if they are notified
when a problem exists. They cannot make
everyone observe safety precautions when work-
ing around electrically powered equipment. This
is a responsibility that each individual must accept
and carry out.,

The electrical systems used onboard ships are
not like those found in your home, so however
efficient you may feel you are as a handyman,
do not attempt to make any repairs or adjustments
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on any faulty equipment on board ship. Notify
the electric shop and let the job be done by the
trained electricians.

There are some basic safety precautions you
can observe while using electrical equipment:

® Use only authorized portable electric
equipment which has been tested by the electric
shop within the prescribed time period and which
is properly tagged to indicate such a test.

@ Report all jury-rigged portable electrical
equipment to the electric shop.

® When a plastic-cased or double-insulated
electrically powered tool is available, use it in
preference to an older metal-cased tool.

@ Ensure that all metal-cased electrically
powered tools have a three-conductor cable, a
three-prong grounded plug and that they are
plugged into the proper type receptacle.

® Wear rubber gloves when setting up and
using the metal-cased tools or when working
under particularly hazardous conditions and in
environments such as wet decks.

® Notify the electric shop when you feel even
a slight tingle while operating electrical equipment.

@ Follow the safety precautions exactly as
prescribed by your maintenance requirement cards
when you perform maintenance on your
equipment,

Always remember that electricity strikes
without warning and, unfortunately, we cannot
always sit around and discuss what went wrong
after an accident has happened. It is to your
advantage to ask when you are not sure of
something. NEVER take unnecessary chances by
hurrying or being inattentive. ALWAYS THINK
about what your are going to do before you do it.

PURPOSES, BENEFITS,
AND LIMITATIONS
OF THE PLANNED

MAINTENANCE SYSTEM

You will soon find, if you have not done so
already, that the continued operation of
machinery depends on systematic and dedicated
maintenance. The following paragraphs contain



a brief discussion on the purposes, benefits, and
limitations of the Navy’s formal maintenance
system, the Planned Maintenance System. You
will be involved in the Planned Maintenance
System, to some degree, throughout your career
in the Navy.

PURPOSES

The Planned Maintenance System (PMS) was
established for several purposes:

1. To reduce complex maintenance to
simplified procedures that are easily identified and
managed at all levels.

2. To define the minimum planned mainte-
nance required to schedule and control PMS
performance.

3. To describe the methods and tools to be
used.

4. To provide for the detection and prevention
of impending casualties.

5. To forecast and plan manpower and-.
material requirements.

6. To plan and schedule maintenance tasks.

7. To estimate and evaluate material readi-
ness.

8. To detect areas that require additional or
improved personnel training and/or improved
maintenance techniques or attention.

9. To provide increased readiness of the ship.

BENEFITS

PMS is a tool of command. By using PMS,
the commanding officer can readily determine
whether his ship is being properly maintained.
Reliability is intensified. Preventive maintenance
reduces the need for major corrective
maintenance, increases economy, and saves the
cost of repairs.

PMS assures better records, containing more
data that can be useful to the shipboard
maintenance manager. The flexibility of the
system allows for programming of inevitable
changes in employment schedules, thereby help-
ing to better plan preventive maintenance.

Better leadership and management can be
realized by reducing frustrating breakdowns and
irregular hours of work. PMS offers a means
of improving morale and thus enhances the
effectiveness of both enlisted personnel and
officers.
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LIMITATIONS

The Planned Maintenance System is not self-
starting; it will not automatically produce good
results. Considerable professional guidance is
required. Continuous direction at each echelon
must be maintained, and one individual must be
assigned both the authority and the responsibility
at each level of the system’s operation.

Training in the maintenance steps as well as
in the system will be necessary. No system is a
substitute for the actual technical ability required
of the officers and enlisted personnel who direct
and perform the upkeep of the equipment.

SOURCES OF INFORMATION

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

NAVSEA PUBLICATIONS

The publications issued by the Naval Sea
Systems Command are of particular importance
to engineering department personnel. Although
you do not need to know everything in these
publications, you should have a general idea of
where to find the information they contain.

Naval Ships’ Technical Manual

The Naval Ships’ Technical Manual is the
basic engineering doctrine publication of the
Naval Sea Systems Command. The manual is kept
up-to-date by means of quarterly changes.

NAVSEA Deckplate

The NAVSEA Deckplate is a bimonthly
technical periodical published by the Naval
Sea Systems Command for the information of
personnel in the naval establishment on the
design, construction, conversion, operation,
maintenance, and repair of naval vessels and their
equipment, and on other technical equipment and
on programs under NAVSEA’s control. This
magazine is particularly useful because it presents



information that supplements and clarifies
information contained in the Naval Ships’
Technical Manual. 1t is also of considerable
interest because it presents information on new
developments in naval engineering. The NAVSEA
Deckplate was formerly known as the NAVSEA
Journal.

MANUFACTURER’S TECHNICAL
MANUALS

The manufacturers’ technical manuals fur-
nished with most machinery units and many items
of equipment are valuable sources of information
on construction, operation, maintenance, and
repair. The manufacturers’ technical manuals that
are furnished with most shipboard engineering
equipment are given NAVSHIPS numbers.

DRAWINGS

Some of your work as a Machinery Repair-
man requires an ability to read and work from
mechanical drawings. You will find information
on how to read and interpret drawings in
Blueprint Reading and Sketching, NAVEDTRA
10077 (series).

In addition to knowing how to read drawings,
you must know how to locate applicable draw-
ings. For some purposes, the drawings included
in the manufacturers’ technical manuals for
the machinery or equipment may give you the
information you need. In many cases, however,
you will need to consult the on-board drawings.
The on-board drawings, which are sometimes
referred to as ship’s plans or ship’s blueprints, are
listed in an index called the ship drawing index
(SDI).

The SDI lists all working drawings that
have a NAVSHIPS drawing number, all
manufacturers’ drawings designated as certifica-
tion data sheets, equipment drawing lists, and
assembly drawings that list detail drawings. The
on-board drawings are identified in the SDI by
an asterisk (*).

Drawings are listed in numerical order in the
SDI. On-board drawings are filed according to
numerical sequence. A cross-reference list of
S-group numbers and consolidated index numbers
is given in Ship Work Breakdown Structure.

ENGINEERING HANDBOOKS

For certain types of information, you may
need to consult various kinds of engineering
handbooks—mechanical engineering handbooks,
marine engineering handbooks, piping hand-
books, machinery handbooks, and other hand-
books that provide detailed, specialized technical
data. Most engineering handbooks contain a great
deal of technical information, much of it arranged
in charts or tables. To make the best use of
engineering handbooks, use the table of contents
and the index to locate the information you need.

ADDENDUM

In addition to a comprehensive index that is
printed in the back of this manual, you will find
the following:

1. Appendix I contains 23 tables, such as
decimal equivalents of fractions; division of the
circumference of a circle; formulas for length,
area, and volume; tapers, and so forth. You will
find this information helpful in your everyday
shop work.

2. Appendix I contains formulas for spur
gearing.

3. Appendix III shows the derivation of
formulas for the diametral pitch system.

4. Appendix IV is a glossary of terms peculiar
to the Machinery Repairman rating.






CHAPTER 2 |
TOOLROOMS AND TOOLS

Your proficiency as a Machinery Repairman
is greatly influenced by your knowledge of tools
and your skills in using them. The information
you will need to become familiar with the correct
use and care of the many powered and non-
powered handtools, measuring instruments, and
gauges is available from various sources to which
you will have access.

This training manual will provide information
which applies to the tools and instruments used
primarily by a Machinery Repairman. You can
find additional information on tools that are
commonly used by the many different naval
ratings in Tools and Their Uses, NAVEDTRA
10085,

TOOL ISSUE ROOM

One of your responsibilities as a Machinery
Repairman is the operation of the tool crib or tool
issuing room. You should ensure that the
necessary tools are available and in good condition
and that an adequate supply of consumable items
(oil, wiping rags, bolts, nuts, and screws) is
available.

Operating and maintaining a toolroom is
simple if the correct procedures and methods are
used to set up the system. Some of the basic
considerations in operating a toolroom are (1) the
issue and custody of tools; (2) replacement of
broken, worn, or lost tools; and (3) proper storage
and maintenance of tools.

ORGANIZATION OF THE TOOLROOM

Shipboard toolrooms are limited in size by the
design characteristics of the ship. Therefore, the
space set aside for this purpose must be used as
efficiently as possible. Since the number of
tools required aboard ship is extensive, tool-
rooms usually tend to be overcrowded. Certain
peculiarities in shipboard toolrooms also require
consideration. For example: The motion of the
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ship at sea requires that tools be made secure to
prevent movement. The moisture content of the
air requires that the tools be protected from
corrosion.

Permanent bins, shelves, and drawers cannot
easily be changed in the toolroom. However,
existing storage spaces can be reorganized by
dividing larger bins and relocating tools to
provide better use of space.

Hammers, wrenches, and other tools that do
not have cutting edges may normally be stored
in bins. They also may be segregated by size or
other designation. Tools with cutting edges require
more space to prevent damage to the cutting
edges. Usually these tools are stored on shelves
lined with wood, on pegboards, or on hanging
racks. Pegboards are especially adaptable for tools
such as milling cutters. Some provision must be
made to keep these tools from falling off of the
boards when the ship is rolling. Precision tools
(micrometers, dial indicators and so forth) should
be stored in felt-lined wooden boxes in a cabinet
to reduce the effects of vibration. This arrange-
ment allows a quick daily inventory. It also
prevents the instruments from being damaged by
contact with other tools. Rotating bins can be used
to store large supplies of small parts, such as nuts
and bolts. Rotating bins provide rapid selection
from a wide range of sizes. Figures 2-1, 2-2, and
2-3 show some of the common methods of tool
storage. .

Frequently used tools should be located near
the issuing door so that they are readily available.
Seldom used tools should be placed in out of the
way areas such as on top of bins or in spaces that
cannot be used efficiently because of size and
shape. Heavy tools should be placed in spaces or
areas where a minimum of lifting is required.
Portable power tools should be stored in racks.
Provisions should be made for storage of electrical
extension cords and the cords of electric power
tools.

All storage areas such as bins, drawers, ax}d
lockers should be clearly marked for ease in




28.333.1

28.334
Figure 2-2.—Method of tool storage.
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28.335
Figure 2-3.—Method of tool storage.
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You will be responsible for the condition of
all the tools and equipment in the toolroom. You
should inspect all tools as they are returned to
determine if they need repairs or adjustment. Set
aside a space for damaged tools to prevent issue
of these tools until they have been repaired.

You should wipe clean all returned tools and
give their metal surfaces a light coat of oil. Check
all precision tools upon issue and return to
determine if they are accurate. Keep all spaces
clean and free of dust to prevent foreign matter
from getting into the working parts of tools.

Plan to spend a portion of each day recondi-
tioning damaged tools. This is important in keep-
ing the tools available for issue and will prevent
an accumulation of damaged tools.

CONTROL OF TOOLS

You will issue and receive tools and maintain
custody of the tools. Be sure that a method of
identifying a borrower with the tool is established,
and that provisions are made for periodic
inventory of available tools.

There are two common methods of tool
issue control: the tool check system and the
mimeographed form or tool chit system. Some
toolrooms may use a combination of both of these
systems. For example: Tool checks may be used
for machine shop personnel, and mimeographed
forms may be used for personnel outside the shop.

Tool checks are either metal or plastic disks
stamped with numbers that identify the borrower,
In this system the borrower presents a check for
each tool, and the disk is placed on a peg near
the space from which the tool was taken. The
advantage of this system is that very little time
is spent completing the process.

If the tools are loaned to all departments in
the ship, mimeographed forms generally are used.
The form has a space for listing the tools, the
borrower’s name, the division or department, and
the date. This system has the advantage of
allowing anyone in the ship’s crew to borrow tools
and of keeping the toolroom keeper informed as
to who has the tools, and how long they have been
out.

You must know the location of tools and
equipment out on loan, how long tools have
been out, and the amount of equipment and
consumable supplies you have on hand. To know
this, you will have to make periodic inventories.
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help you decide whether more strict control of
equipment is required and whether you need to
procure more tools and equipment for use.

Some selected items, called controlled
equipage, will require an increased level of
management and control due to their high cost,
vulnerability to pilferage, or their importance to
the ship’s mission. The number of tools and
instruments in this category under the control of
a Machinery Repairman is generally small.
However, it is important that you be aware of
controlled equipage items. You can get detailed
information about the designation of controlled
equipage from the supply department of your
activity. When these tools are received from the
supply department, your department head will be
required to sign a custody card for each item,
indicating a definite responsibility for manage-
ment of the item. The department head will then
require signed custody cards from personnel
assigned to the division or shop where the item
will be stored and used. As a toolroom keeper,
you may be responsible for controlling the issue
of these tools and ensuring their good condition.
If these special tools are lost or broken beyond
repair, replacement cannot be made until the
correct survey procedures have been completed.
Formal inventories of these items are conducted
periodically as directed by your division officer
or department head.

As a toolroom keeper, you may have
additional duties as a supply representative for
your department or division. You can find
information on procurement of tools and supplies
in Military Requirements for Petty Officer 3 &
2, NAVEDTRA 10056.

SAFETY IN THE TOOLROOM
AND THE SHOP

The toolroom, because of its relatively small
size and the large quantity of different tools which
are stored in it, can become very dangerous if all
items are not kept stored in their proper places.
At sea the toolroom can be especially hazardous
if the proper precautions are not followed for
securing all drawers, bins, pegboards, and other
storage facilities. Fire hazards are sometimes
overlooked in the toolroom. When you consider
the flammable liquids and wiping rags stored in
or issued from the toolroom, there is a real danger
present.




Several of your jobs are directly connected to the
good working order and safe use of tools in the
shop. If you were to issue an improperly ground
twist drill to someone who did not have the
experience to recognize the defect, the chances of
the person being injured by the drill “‘digging in”’
or throwing the workpiece out of the drill press
would be very real. A wrench which has been
sprung or worn oversize can become a real
“‘knucklebuster’’ to any unsuspecting user. An
outside micrometer out of calibration can cause
trouble if someone is trying to press fit two parts
together using a hydraulic press. An electric-
powered handtool that was properly inspected and
tagged last week but has had the plug crushed
since then can kill the user. The list of potential
disasters that you as an individual have some
influence in preventing is endless. The important
thing to remember is that you as a toolroom
keeper contribute more to the mission of the Navy
than first meets the eye.

SHOP MEASURING GAUGES

Practically all shop jobs require measuring or
gauging. You will most likely measure or gauge
flat or round stock; the outside diameters of rods,
shafts, or bolts; slots, grooves, and other
openings; thread pitch and angle; spaces between
surfaces; or angles and circles.

For some of these operations, you will have
a choice of which instrument to use, but in other
instances you will need a specific instrument. For
example, when precision is not important, a
simple rule or tape will be suitable, but in other
instances, when precision is of prime importance,
you will need a micrometer to obtain measure-
ment of desired accuracy.

The term ‘‘gauge,’”” as used in this chapter
identifies any device which can be used to
determine the size or shape of an object. There
is no significant difference between gauges and
measuring instruments. They are both used to
compare the size or shape of an object against a
scale or fixed dimension. However, there is a
distinction between measuring and gauging which
is easily explained by an example. Suppose that
you are turning work in a lathe and want to know
the diameter of the work. Take a micrometer, or
perhaps an outside caliper, adjust its opening
to the exact diameter of the workpiece, and

time to measure it, set the caliper at a reading
slightly greater than the final dimension desired;
then, at intervals during turning operations,
gauge, or ‘‘size,”’ the workpiece with the locked
instrument. After you have reduced the workpiece
dimension to the dimension set on the instrument,
you will, of course, need to measure the work
while finishing it to the exact dimension desired.

ADJUSTABLE GAUGES

You can adjust adjustable gauges by moving
the scale or by moving the gauging surface to the
dimensions of the object being measured or
gauged. For example, on the dial indicator, you
can adjust the face to align the indicating hand
with the zero point on the dial. On verniers,
however, you move the measuring surface to the
dimensions of the object being measured.

Dial Indicators

Dial indicators are used by Machinery Repair-
man in setting up work in machines and in
checking the alignment of machinery. Proficiency
in the use of the dial indicator will require a lot
of practice, and you should use the indicator as
often as possible to aid you in doing more accurate
work.

Dial indicator sets (fig. 2-4) usually have
several components that permit a wide variation

CLAMP AND
CLAMP HOLDING

INDICATOR ROD

HOLDING ROD

e
=5

HOLE
ATTACHMENT

UNIVERSAL
SLEEVE

BASE

Figure 2-4.—Universal dial indicator,




TieX10mIty Of setup, the clamp and holaing rods ., vhen you are preparing to use a dial
permit setting the indicator to the work, the hole indicator, there are several things that you should
attachment indicates variation or run out of check. Dial indicators come in different degrees
inside surfaces of holes, and the tool post holder of accuracy. Some will give readings to one
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Figure 2-5.— Applications of a dial indicator.
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(0.005) of an inch. Dial indicators also differ
in the total range or amount that they will
indicate. If a dial indicator has a total of one
hundred thousandths of an (0.100) inch in
graduations on its face and has a total range
of two hundred thousandths (0.200) of an
inch, the needle will only make two revolutions
before it begins to exceed its limit and jams
up. The degree of accuracy and range of a dial
indicator is usually shown on its face. Before you
use a dial indicator, carefully depress the contact
point and release it slowly; rotate the movable dial
face so the dial needle is on zero. Depress and
release the contact point again and check to
ensure that the dial pointer returns to zero; if it
does not, have the dial indicator checked for
accuracy.

A vernier caliper (fig. 2-6) can be used to
measure both inside and outside dimensions.
Position the appropriate sides of the jaws on the
surface to be measured and read the caliper from
the side marked inside or outside as required.
There is a difference in the zero marks on the two
sides that is equal to the thickness of the tips of
the two jaws, so be sure to read the correct side.
Vernier calipers are available in sizes ranging from
6 inches to 6 feet and are graduated in increments
of thousandths (0.001) of an inch. The scales on
vernier calipers made by different manufacturers
may vary slightly in length or number of divisions;
however, they are all read basically the same way.
Simplified instructions for interpreting the

readings are covered in Tools and Their Uses,
NAVEDTRA 10085.

28.314

Figure 2-6.— Vernier caliper.
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out work for machining operations or to check
the dimensions on surfaces which have been
machined. Attachments for the gauge include the
offset scriber shown attached to the gauge in
figure 2-7. The offset scriber lets you measure
from the surface plate with readings taken directly
from the scale without having to make any
calculations. As you can see in figure 2-7, if you
were using a straight scriber, you would have to
calculate the actual height by taking into account
the distance between the surface plate and the zero
mark. Some models have a slot in the base for
the scriber to move down to the surface and a scale
that permits direct reading. Another attachment
is a rod that permits depth readings. Small dial

as a vernier caliper.

Dial Vernier Caliper

A dial vernier caliper (fig. 2-8) looks much like
a standard vernier caliper and is also graduated
in one-thousandths (0.001) of an inch. The main
difference is that instead of a double scale, as on
the vernier caliper, the dial vernier has the
inches marked only along the main body of the
caliper and a dial with two hands to indicate
hundredths (0.100) and thousandths (0.001) of an
inch. The range of the dial vernier caliper is
usually 6 inches.

28.4(28D)

Figure 2.7.—Vernier height gauge.
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28.315

Figure 2-8.—Dial vernier caliper.
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Figure 2-9.—Dial bore gauge.

28.316
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a cylindrical bore or for checking a bore for out-
of-roundness or taper is the dial bore gauge. The
dial bore gauge (fig. 2-9) does not give a
direct measurement; it gives you the amount of
deviation from a preset size or the amount of
deviation from one part of the bore to another.
A master ring gauge, outside micrometer, or
vernier caliper can be used to preset the gauge.
A dial bore gauge has two stationary spring-
loaded points and an adjustable point to permit
a variation in range. These three points are evenly
spaced to allow accurate centering of the tool in
the bore. A fourth point, the tip of the dial
indicator, is located between the two stationary
points. By simply rocking the tool in the bore,
you can observe the amount of variation on the
dial. Accuracy to one ten-thousandth (0.0001) of
an inch is possible with some models of the dial
bore gauge.

Internal Groove Gauge

The internal groove gauge is very useful for
measuring the depth of an O-ring groove or other
recesses inside a bore. This tool lets you measure
a deeper recess and one located farther back in
the bore than if you were to use an inside caliper.
As with the dial bore gauge, this tool must be set
with gauge blocks, a vernier caliper, or an out-
side micrometer. The reading taken from the dial
indicator on the groove gauge represents the dif-
ference between the desired recess or groove depth
and the measured depth.

Universal Vernier Bevel Protractor

The universal vernier bevel protractor (fig.
2-10) is the tool you will use to lay out or measure
angles on work to very close tolerances. The
vernier scale on the tool permits measuring an
angle to within 1/12° (5 minutes) and can be used
completely through 360°. Interpreting the reading
on the protractor is similar to the method used
on the vernier caliper.

Universal Bevel

The universal bevel (fig. 2-11), because of the
offset in the blade, is very useful for bevel gear
work and for checking angles on lathe workpieces
which cannot be reached with an ordinary bevel.
The universal bevel must be set and checked with




28.317

Figure 2-10.—Universal vernier bevel protractor.
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11.—Universal bevel.

Figure 2-
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Gear Tooth Vernier

read in the same way as other
verniers, except that graduations on the main scale
are 0.020 inch apart instead of 0.025 inch.

Cutter Clearance Gauge

The cutter clearance
of the simplest to use,
gauging clearance on all

gauge (fig. 2-13) is one
yet it is suitable for
styles of plain milling

gauge a tooth with thig instrument, bring the
surfaces of the <y into contact with the cutter
e blade to the tooth to be

Cutter clearance ga
gauge blade for checking clear
0°-30° on most co
available,

ance angles of
mmon cutter styles are also

Adjustable Paralje}

The adjustable paral
of two wedges connected

lelin figure 2-14 consists
on their inclined surfaces

Figure 2.
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12.—Gear tooth vernier.




28.7
Figure 2-13.—Cutter clearance gauge.
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about the same accuracy of dimensions as parallel
blocks, is very useful in leveling and positioning
setups in a milling machine or in a shaper vise.
An outside micrometer is usually used to set the
adjustable parallel for height.

Surface Gauge

A surface gauge (fig. 2-15 is useful in gauging
or measuring operations. It is used primarily in
layout and alignment work. The surface gauge
is commonly used with a scriber to transfer
dimensions and layout lines. In some cases a dial
indicator is used with the surface gauge to check
trueness or alignment.

FIXED GAUGES

Fixed gauges cannot be adjusted. They can
generally be divided into two categories,
graduated and nongraduated. The accuracy of
your work, when you use fixed gauges, will
depend on your ability to determine the difference
between the work and the gauge. For example,
a skilled machinist can take a dimension
accurately to within 0.005 of an inch or less when

28.6

Figure 2-14.—Adjustable parallel.
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SURFACE
PLATE

28.9

Figure 2-15.—Setting a dimension on a surface gauge.

using a common rule. Practical experience in the
use of these gauges will increase your ability to
take accurate measurements.

Graduated Gauges

Graduated gauges are direct reading gauges in
that they have scales inscribed on them enabling
you to take a reading while using the gauge. The
gauges in this group are rules, scales, thread
gauges, and feeler gauges.

RULES.—The steel rule with holder set (fig.
2-16A) is convenient for measuring recesses. It has
a long tubular handle with a split chuck for
holding the ruled blade. The chuck can be
adjusted by a knurled nut at the top of the holder,
allowing the rule to be set at various angles. The
set has rules ranging from 1/4 to 1 inch in length.

The angle rule (fig. 2-16B) is useful in
measuring small work mounted between centers
on a lathe. The long side of the rule (ungraduated)
is placed even with one shoulder of the work. The
graduated angle side of the rule can then be
positioned easily over the work.

2-14

Another useful device is the keyset rule (fig.
2-16C). It has a straightedge and a 6-inch
machinist’s-type rule arranged to form a right
angle square. This rule and straightedge combina-
tion, when applied to the surface of a cylindrical
workpiece, makes an excellent guide for drawing
or scribing layout lines parallel to the axis of the
work. You will find this device very convenient
when making keyseat layouts on shafts.

You must take care of your rules if you
expect them to give accurate measurements. Do
not allow them to become battered, covered with
rust, or otherwise damaged so that the markings
cannot be read easily. Do not use them for
scrapers, for once rules lose their sharp edges and
square corners their general usefulness is
decreased.

SCALES.—A scale is similar in appearance
to arule, since its surface is graduated into regular
spaces. The graduations on a scale, however,
differ from those on a rule because they are either
larger or smaller than the measurements indicated.
For example, a half-size scale is graduated so that





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































