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PREFACE

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

COURSE OVERVIEW: In completing this nonresident training course, you will demonstrate a
knowledge of the subject matter by correctly answering questions on the following:  maintenance of
engines, reduction gears, air-conditioning equipment, and additional auxiliary machinery; the performance
and efficiency of an engine; engineering casualty control; engineering records and reports; and ship
inspections and trials.

THE COURSE: This sdf-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
personnd 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, NAV PERS 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 areference in the text to another publication for further information, look it up.
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Sailor’s Creed

“l am a United States Sailor.

| will support and defend the
Constitution of the United States of
America and | will obey the orders
of those appointed over me.

| represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

| proudly serve my country’s Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all.”
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INSTRUCTIONS FOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at
the beginning of each assignment. Study these
pages carefully before attempting to answer the
guestions. Pay close attention to tables and
illustrations and read the learning objectives.
The learning obj ectives state what you should be
ableto do after studying the material. Answering
the questions correctly helps you accomplish the
objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the
BEST answer. You may refer freely to the text.
The answers must be the result of your own
work and decisions. You are prohibited from
referring to or copying the answers of others and
from giving answers to anyone else taking the
course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be
enrolled in the course with the Nonresident
Training Course Administration Branch at the
Naval Education and Training Professiond
Development and  Technology — Center
(NETPDTC). Following enrollment, there are
two ways of having your assignments graded:
(1) use the Internet to submit your assignments
as you complete them, or (2) send al the
assignments at one time by mail to NETPDTC.

Grading on the Internet:
Internet grading are:

Advantages to

e you may submit your answers as soon as
you compl ete an assignment, and

e you get your results faster; usually by the
next working day (approximately 24 hours).

In addition to receiving grade results for each
assignment, you will receive course completion
confirmation once you have completed all the

assignments. To submit your assignment
answers via the Internet, go to:

http://cour ses.cnet.navy.mil

Grading by Mail: When you submit answer
sheets by mail, send all of your assignments at
one time. Do NOT submit individual answer
sheets for grading. Mail all of your assignments
in an envelope, which you either provide
yourself or abtain from your nearest Educational
Services Officer (ESO). Submit answer sheets
to:

COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Answer Sheets: All courses include one
“scannable” answer sheet for each assignment.
These answer sheets are preprinted with your
SSN, name, assignment number, and course
number. Explanations for completing the answer
sheets are on the answer sheet.

Do not use answer sheet reproductions. Use
only the origina answer sheets that we
provide—reproductions will not work with our
scanhing equipment and cannot be processed.

Follow the instructions for marking your
answers on the answer sheet. Be sure that blocks
1, 2, and 3 are filled in correctly. This
information is necessary for your course to be
properly processed and for you to receive credit
for your work.

COMPLETIONTIME
Courses must be completed within 12 months

from the date of enrollment. This includes time
required to resubmit failed assignments.



PASSFAIL ASSIGNMENT PROCEDURES

If your overall course scoreis 3.2 or higher, you
will pass the course and will not be required to
resubmit assignments. Once your assignments
have been graded you will receive course
completion confirmation.

If you receive less than a 3.2 on any assignment
and your overall course score is below 3.2, you
will be given the opportunity to resubmit failed
assignments. You may resubmit failed
assignments only once. Internet students will
receive notification when they have failed an
assignment--they may then resubmit failed
assignments on the web site. Internet students
may view and print results for failed
assignments from the web site. Students who
submit by mail will receive afailing result letter
and a new answer sheet for resubmission of each
failed assignment.

COMPLETION CONFIRMATION

After successfully completing this course, you
will receive aletter of completion.

ERRATA

Errata are used to correct minor errors or delete
obsolete information in a course. Errata may
aso be used to provide instructions to the
student. If a course has an errata, it will be
included as the first page(s) after the front cover.
Errata for al courses can be accessed and
viewed/downl oaded at:

http://www.advancement.cnet.navy.mil

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and
criticisms on our courses. If you would like to
communicate with us regarding this course, we
encourage you, if possible, to use email. If you
write or fax, please use a copy of the Student
Comment form that follows this page.

Vi

For subject matter questions:

E-mail:
Phone:

n314.products@cnet.navy.mil
Comm: (850) 452-1001, Ext. 1826
DSN: 922-1001, Ext. 1826

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N314

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

Address;

For enrollment, shipping,
completion letter questions

grading, or

E-mail:
Phone:

fleetservices@cnet.navy.mil

Toll Free: 877-264-8583

Comm: (850) 452-1511/1181/1859
DSN: 922-1511/1181/1859

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Address:

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve,
you may earn retirement points for successfully
completing this course, if authorized under
current directives governing retirement of Naval
Reserve personnel. For Naval Reserve retire-
ment, this course is evaluated at 22 points.
Points will be credited in units as follows:

Unit 1. 12 points wupon satisfactory
completion of assignments 1 through 5.

Unit 20 10 points wupon satisfactory
completion of assignments 6 through 11.

(Refer to Administrative Procedures for Naval
Reservists on Inactive Duty, BUPERSINST
1001.39, for more information about retirement
points.)
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CHAPTER 1

INTRODUCTION

At this stage in your naval career, you are well
aware that training on a continuous basis is essen-
tial if you are to reach your desired goals, and
if the mission of the Navy is to be successfully
accomplished. The purpose of this manual isto
serve as one of many sources of information as
you continue your training to become proficient
in the tasks you will be required to perform at the
E-6 and E-7 levels of your rating. A knowledge
of the information in this manual, combined with
the everyday practical experience, should help you
learn to perform assigned tasks and accept greater
responsibilities.

RESPONSIBILITIES AND REWARDS

Asyou attain each higher promotional level
in your rating, you, as well as the Navy, benefit.
The fact that you are using this training manual
indicates that you have found personal satisfac-
tion in developing your skills, increasing your
knowledge, and getting ahead in your chosen
career. The Navy has benefited, and will continue
to do so as you become more valuable as a
technical specialist in your rating and as a per-
son who can supervise and train others, thus
making far reaching and long lasting contributions
to the success of the Navy.

In large measure, the extent of your contribu-
tion to the Navy depends upon your willingness
and ability to accept increasing responsibilities as
you advance. When you assumed the duties of an
ENS3, the Navy rewarded you with an increase in
pay and responsibility, aresponsibility not only
for yourself but for the work of others. With each
advancement, you accept an increasing respon-
sibility in military matters and in matters relating
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to the occupational requirements of the
Engineman rating.

You will find that your responsibilities for
military leadership are about the same as those
of petty officers in other ratings, since every
petty officer is a military person as well as a
technical specialist. Your responsibilities for
technical |eadership are specific to your rating and
are directly related to the nature of your work.
Operating and maintaining the machinery and
equipment for which an Engineman is responsi-
ble isajob of vital importance. It is a teamwork
job which requires that specia kind of supervisory
ability that can only be developed by personnel
who have a high degree of technical competence
and a deep sense of personal responsibility.

Certain practical details that relate to your
responsibilities for administration, supervision,
and training are discussed in subsequent chapters
of this training manual. At this point, let’'s con-
sider some of the broader aspects of your ever
increasing responsibilities for military and
technical |eadership.

YOUR RESPONSIBILITIES WILL EX-
TEND BOTH UPWARD AND DOWNWARD.
Officers and Supervisors will expect you to carry
out their orders. Enlisted personnel will expect you
to translate the general orders given by officers
into detailed, practical on-the-job language that
can be understood and followed even by relatively
inexperienced personnel. In dealing with your
juniors, it is up to you to see that they perform
their work properly. At the same time, you must
be able to explain to officers any important needs
or problems pertaining to the enlisted personnel.

YOU WILL HAVE REGULAR AND CON-
TINUING RESPONSIBILITIES FOR TRAIN-
ING. Even if you are fortunate enough to have
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a highly skilled and well trained group, you will
still find that additiona training is necessary. For
example, you will aways be responsible for
training lower rated personnel to perform their
assigned tasks. Occasionally, some of your best
workers may be transferred and replaced by in-
experienced or poorly trained personnel. Also,
some particular job may call for skills that none
of your personnel have. These and similar prob-
lems will require you to be a training specialist
who can train individuals and groups in the
effective execution of assigned tasks.

YOU WILL HAVE INCREASING
RESPONSIBILITIES FOR WORKING WITH
OTHERS. You will find that many of your plans
and decisions affect a large number of people,
some of whom are not in your division and some
of whom are not even in the engineering depart-
ment. It becomes increasingly important,
therefore, to understand the duties and respon-
sibilities of personnel in other ratings. Every
petty officer in the Navy is a technical specialist
in his’/her own field. Learn as much as you can
about the work of other ratings, and plan your
own work so that it will fit in with the overall mis-
sion of the organization.

AS YOUR RESPONSIBILITIES IN-
CREASE, YOUR ABILITY TO COM-
MUNICATE CLEARLY AND EFFECTIVELY
MUST ALSO INCREASE. The basic require-
ment for effective communication is a knowledge
of your own language. Use correct language in
speaking and in writing. Remember that the basic
function of al communication is understanding.
To lead, supervise, and train others, you must be
able to speak and write in such a way that others
can understand exactly what you mean. Y ou must
be able to convey information accurately,
smply, and clearly.

A second requirement for effective com-
munication in the Navy is a sound knowledge of
the Navy way of saying things. Some Navy terms
have been standardized for the purpose of ensur-
ing efficient communication. When a situation
callsfor the use of standard Navy terminology,
use it.

Still another requirement for effective com-
munication is precision in the use of technical
terms. Command of the technical language of the
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Engineman rating will enable you to exchange
ideas with other personnel of the same rating. Per-
sonnel who do not understand the precise mean-
ing of terms used in connection with the work of
their own rating are at a disadvantage when they
try to read official publications relating to their
work. They are also at a great disadvantage when
taking written examinations for advancement.
Although it is always important to use technical
terms correctly, it is particularly important when
you are dealing with lower rated personnel. Slop-
piness in the use of technical terms may be
extremely confusing and frustrating to an inex-
perienced person.

YOU WILL HAVE INCREASED RESPON-
SIBILITIES FOR KEEPING UP WITH NEW
DEVELOPMENTS. Practicaly everything in the
Navy—policies, procedures, equipment, publica-
tions, systems—is subject to change and devel op-
ment. As an EN1, and even more as an ENC, you
must keep yourself informed about all changes
and new developments that might affect your
rating or your work.

Some changes will be called directly to your
attention; others you will have to look for. Try
to develop a special kind of alertness for new in-
formation. Keep up to date on all sources of
technical information. Information on sources of
primary concern to the Engineman is given later
in this chapter.

Asyou prepare to assume increased respon-
sibilities at a higher level, you need to be familiar
with (1) the military requirements and occupa-
tional standards given in the Navy Enlisted
Manpower and Personnel Classifications and
Occupational Sandards, NAVPERS 18068 (with
changes); (2) the Personnel Advancement
Requirement (PAR), NAVPERS 1414/4; (3)
appropriate rate training manuals; and (4) any
other material that may be required or recom-
mended in the most current edition of the
Bibliography for Advancement Examination
Study, NAVEDTRA 10052. These materials and
their use are discussed more thoroughly in Military
Requirements for Petty Officers1 & C, NAVED-
TRA 10057 (current edition), and Engineman
3 & 2, NAVEDTRA 10541 (current edition).
Other sources of information will be described
later in this chapter.



Chapter 1—INTRODUCTION

THE ENGINEMAN—YOUR JOB

Since you first became a rated person you have
mastered basic skills, became familiar with much
of the terminology applicable to internal combus-
tion engines and other equipment, and learned to
answer many of the technical questions asked by
lower rated personnel. Along with this increase
in knowledge, you have gradually assumed greater
responsibilities. The rate for which you are now
preparing demands more knowledge and skill, a
willingness to assume greater responsibility, and
the ability to lead people.

As an EN1 or ENC, you must be familiar with
al the functions of the engineering department
and be proficient in a wide variety of tasks. Your
duties will include using proper procedures for
troubleshooting, maintenance and repair, plan-
ning, organizing, and carrying out the work
involved in these procedures. You will maintain
records and submit reports; you will supervise the
stowage of supplies and repair parts, and you will
take an active part in the training of lower rated
personnel. In brief, you will be a technica
specialist and a military leader.

MILITARY DUTIES AND
RESPONSIBILITIES

Information related to the military
requirements for advancement is included in train-
ing manuals specifically prepared to cover such
requirements. These manuas are listed and
described briefly later in this chapter.

TECHNICAL DUTIES AND
RESPONSIBILITIES

A petty officer must become a technical
specidist in his/her rating. Technical duties which
an Engineman must learn to perform efficiently
include:

1. Operating internal combustion engines and
auxiliary engineroom machinery.

2. Maintaining internal combustion engines
and related accessories and equipment.
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3. Performing overhaul and repair work on
internal combustion engines, using established
procedures for disassembly, replacement, and
reassembly.

4. Conducting routine tests and inspections
of all engineroom machinery.

5. Operating and making repairs to auxiliary
boilers and to refrigeration, air conditioning, and
distilling systems.

6. Using lathes and other machine shop
equipment.

7. Using measuring instruments needed in
engine overhaul, such as micrometers, feeler
gages, and inside and outside calipers.

8. Reading accurately such instruments as
thermometers, pressure gages, and pressure
indicators.

Probably you can already do many of these
jobs. Others you will have to learn from addi-
tional practical experience and through study.
Although you will be learning many new jobs as
an EN1, and especially as a ENC, you will be con-
cerned principally with directing and observing
the work of personnel assigned to you. You will
be responsible for their performance and their
training in al of the jobs required of an
Engineman.

In addition to the duties already mentioned,
you will compile necessary data for the prepara
tion of engineering reports and records. It will be
your duty to make frequent tours of assigned
spaces, and to inspect equipment for proper
operation. You will check the auxiliary watch for
performance of duty in accordance with standing
orders. You will be responsible for the use of the
correct operating procedure for al equipment
under your jurisdiction. You will be accountable
for daily routine inspections, tests, and reports
on al equipment that require daily maintenance
and testing.

Y ou may be held responsible to the division
officer for the proper setting and standing of all
watches during your duty period. You may be
required to post the daily watch list in the
engineroom and may be responsible for instruct-
ing and training watchstanders in their duties.

You will instruct lower rated personnel in the
correct procedures to be used for casualties
involving the engineroom. It will be your
responsibility to see that personnel under your
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supervision learn about the capabilities and limita-
tions of the equipment with which they work, and
the procedures to follow should casualties occur.

Safety is a responsibility of al Navy person-
nel. As an EN1 or ENC, you will instruct your
personnel in shipboard safety precautions, par-
ticularly those that are applicable to your division,
and will ensure that copies of these precautions
are posted in conspicuous places. Most impor-
tantly, you will watch for careless methods of
work—the frequent source of accidents. You will
be expected to set a good example for following
safety practices. The example you will set will have
agreat influence on your people and other per-
sonnel. You will watch for and report all unsafe
conditions.

To successfully perform your duties, you
should know the duties performed in other divi-
sions, and how the various shops can help you
get a job done. While it is true that many
maintenance and repair jobs occurring in your
own division can be properly handled from start
to finish without the aid of any outside rating,
other jobs may be more extensive and may require
special skills or equipment not available within
your division. Although you and the personnel
under your supervision may be able to do the bulk
of the work, certain portions of ajob may require
the skill of an Electrician’s Mate, aMachinist’'s
Mate, a Machinery Repairman, a Hull
Maintenance Technician, or people in other
ratings. Therefore, you must know what equip-
ment is used by other ratings in the engineering
department, and what kind of work can be done
with that equipment. Familiarize yourself with the
work performed and eguipment used in other divi-
sions by observing them at work and by talking
to leading petty officersin other ratings. There
is no excuse for using unskilled personnel and un-
satisfactory procedures when the skill of other
ratings and the equipment they use are already
available.

WATCH DUTIES AND
RESPONSIBILITIES

As afirst class or chief petty officer aboard
ship, you may be required to assist the division
officer in organizing, supervising, and instructing
other personnel in their military duties as well as
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in their specialties. This duty includes assisting in
the assignment of watch stations and other duties.

Every watch in the engineering department is
avital part of the ship’s maintenance and opera-
tion program. The engineer officer is responsible
for the operation and maintenance of the main
engines and auxiliary machinery. However, the
EN1s or ENCs and the personnel they supervise
on the various watches actually do most of the
work. Therefore, it is very important that the petty
officers in charge learn and understand the
extent of their responsibility to the engineer
officer.

Engineering Officer
of the Watch

The following excerpts from chapter 10 of
Navy Regulations describe some of the duties of
the officer of the engineroom watch:

“ Status, Authority, and Responsibil-
ity. The engineering officer of the watch
is the officer on watch in charge of the
main propulsion plant of the ship, and of
the associated auxiliaries. He shall be
responsible for the safe and proper opera-
tion of such units, and for the perform-
ance of the duties prescribed in these
regulations and by other competent
authority.”

“Directing and Relieving the
Engineering Officer of the Watch. The
engineer officer, or in his absence, the
main propulsion assistant may direct the
engineering officer of the watch con-
cerning the duties of the watch, or may
assume charge of the watch, and shall do
so should it, in his judgment, be
necessary.”

“Relation with the Officer of the
Deck. The engineering officer of the
watch shall ensure that al orders re-
ceived from the officer of the deck are
promptly and properly executed. He shall
not permit the main engines to be turned
except as authorized or ordered by the
officer of the deck.”
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“Reports by the Engineering Officer
of the Watch. The engineering officer of
the watch shall report promptly to the
officer of the deck and the engineer
officer any actual or probable derange-
ment of machinery, boilers, or auxiliaries
which may affect the proper operation of
the ship.”

“Reports to the Engineering Officer
of the Watch. The engineering officer of
the watch shall be promptly informed of
any engineering work or change in
disposition of machinery which may
affect the proper operation of the plant
or endanger personnel, or which is re-
quired for entry in the record of his
watch.”

“Inspection and Operation of
Machinery. The engineering officer of the
watch shall cause frequent inspections to
be made of the engines, boilers, and their
auxiliaries; and shall ensure that pre-
scribed tests, methods of operation, and
instructions pertaining to the safety of per-
sonnel and material are strictly observed.”

“Records and Logs. The engineering
officer of the watch shall ensure that the
engineering log, engineer’s bell book, and
prescribed operating records are properly
kept. On being relieved, he shal sign the
engineering log and the engineer’s bell
book for that watch.”

Engineering Department
Duty Officer

In ships not underway, the commanding
officer may authorize the standing of a day’s
duty in lieu of the continuous watch of the
engineering officer of the watch. When author-
ized, the duties of the engineering officer, of the
watch are assigned in port to the engineering
department duty officer. However, when not at
the station of the engineering officer of the watch,
the duty officer must always be ready for duty
the moment he/she is summoned or notified that
his/her presence is required. The engineering
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department duty officer, assigned by the engineer
officer, must be a quaified engineering officer of
the watch. On some ships, chief petty officers may
be assigned as the engineering department duty
officer.

In the temporary absence of the engineer
officer, the duties of the engineer officer may be
performed by the engineering department duty
officer. If the engineer officer is on board, the
duty officer reports the condition of the depart-
ment to him/her prior to the eight o’ clock reports.
In the absence of the engineer officer, the duty
officer makes the eight o' clock reports for the
department to the executive officer (or command
duty officer).

The engineering duty officer, in addition to
such other duties as may be properly assigned to
him/her, is responsible for:

1. The alertness and proper performance of
all personnel of the engineering watches.

2. The safe and economical operation of all
engineering machinery and systemsin use.

3. The elimination of fire and flooding
hazards and the prevention of sabotage.

4. The security of al engineering spaces. In
order to determine the actual conditions that
exist in the engineering space and to evaluate the
performance of watch personnel, the duty officer
must make frequent inspections of the engineer-
ing spaces.

5. The proper maintenance of all machinery
operating logs, and for writing and signing the
engineering log for the period he/she is on duty.

The engineering department duty officer
makes reports in the same manner as the engineer-
ing officer of the watch, except that when acting
in place of the engineer officer, he/she is respon-
sible for making the reports required of that
officer. Engineering watch supervisors and the
duty petty officers of the engineering divisions
report to the duty officer during the performance
of their duties.

A chief petty officer who is a qualified
engineroom watch supervisor underway may be
assigned a watch as the engineering department
duty chief petty officer to assist the engineering
department duty officer. The duty chief petty
officer is normally assigned duty for the same
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period as the duty office, and reports to that
officer.

Standing Watches

As awatchstander, you will be the “eyes’ of
the engineering department. You will be respon-
sible for the orderly appearance and cleanliness
of your assigned station. Prior to standing watch,
you should thoroughly inspect al existing condi-
tions, such as the operating condition of
machinery and firefighting equipment. You
should also check your assigned area for leaks and
potential fire hazards. If a casualty occurs, you
should take immediate steps to controal it, as well
as promptly notify the proper authority.

While on watch, you should strictly observe
all operating instructions, regulations, and
safety precautions. You should never leave your
station unless you have permission from proper
authority to do so, or are properly relieved. You
should promptly execute all standing or special
orders. When relieved, you should pass on to the
relieving watch all information concerning existing
conditions and special orders.

There are several watches that you may stand
or for which you may be responsible. The stations
and duties of some of the watches commonly
stood by Enginemen are discussed in the follow-

ing paragraphs.

ENGINEROOM AUXILIARY WATCH.—
Auxiliary watches are maintained underway and
in port to supply light, power, steam, and other
services. The engineroom auxiliary watch main-
tained in port includes a petty officer in charge
and one or more Firemen. The petty officer in
charge is responsible for seeing that an efficient
and economical watch is being stood. All
machinery not in operation must be checked to
see that it has been properly secured.

The petty officer in charge of the auxiliary
watch is responsible for the proper operation of
the ship’s service generator and associated
machinery; however, the operation of the elec-
trical equipment is the responsibility of an Elec-
trician’s Mate. The petty officer in charge checks
to see that all operating machinery is lubricated
as prescribed by the operating instructions.
He/she makes sure that the fire and flushing
pumps are inspected for satisfactory operation
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and that the prescribed pressure is maintained in
the firemain.

Except in emergencies, the engineroom aux-
iliary watch does not make any changes such as
stopping, starting, or shifting ship’s service
generators without first notifying the Electrician’s
Mate and the petty officer in charge of the watch.

A watch going off duty will not be considered
relieved until the floor plates are wiped, the
engineroom is clean, all operating logs and records
are correct, and information concerning the status
of the machinery in operation, orders, special
orders, and non-completed orders have been given
to the relief.

COLD-IRON WATCHES.—Under certain
prescribed conditions (such as when a ship moves
alongside a repair ship or tender, or into a naval
shipyard, and is receiving power from these
activities) a security and fire watch is usually set
by each division. This security watch is commonly
known as a cold-iron watch. Each cold-iron watch
makes frequent inspections of the assigned area
and checks for fire hazards, flooding, or other
unusua conditions throughout the area. The cold-
iron watch keeps bilges reasonably free of water
in accordance with applicable instructions. Hourly
reports on existing conditions are made to the
officer of the deck.

All unusual conditions are immediately
reported to the officer of the deck and to the
engineering duty officer, so that the proper divi-
sion or department can be notified to take the
necessary corrective measures. When welding or
burning is to be performed in the area, the cold-
iron watch checks to see that a fire watch is
stationed.

If the ship isin drydock, the watch must check
all seavalves, after working hours, to see that the
valves are secured or blanked off. The watch must
make sure that oil or water is not being pumped
into the drydock and that weights such as fuel oil,
feedwater, or potable water are not shifted
without permission of the engineer officer.

DUTY ASSIGNMENTS

As an Engineman, you will be assigned duty
aboard various types of ships, ranging from air-
craft carriers to the smallest of river patrol boats.
You will also be assigned shore duty. Y our specific
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duties will depend on the type and size of ship or
station to which you will be assigned.

Aboard an aircraft carrier or a cruiser, you
may be assigned to the “A” division. As a
member of the “A” gang, you will be responsi-
ble for a wide variety of tasks including the
operation, maintenance and repair of internal
combustion engines, and the operation and
maintenance of auxiliary, refrigeration, and air
conditioning  equipment.

On diesd-driven ships, you may be assigned
to the “M” division or the “A” division. Your
responsibility will vary depending on the size of
the ship. You may have charge of one of the
engineering spaces or the “A” gang and, on some
small ships, you may act as the “M” division
officer.

On a repair ship or tender, you may be as-
signed to the repair department. As an EN1 or
ENC, you may be in charge of one of the repair
shops such as the engine overhaul shop or the
governor and fuel injector shop, or you may be
in charge of one of the repair gangs. Y ou may
also be selected to attend Diesel Inspector’s school
and become a Navy diesel engine inspector.

Duty at most shore stations will depend on
your training and your field of specialization. You
may also be assigned as an instructor either at one
of the Engineman schools or at a recruit training
station, or a canvasser recruiter. To qualify for
instructor duty, you must successfully complete
a course in instructor training.

As an Engineman, you may perform duty at
the Naval Education and Training Program and
Development Center, Pensacola, FL. Personnel
assigned to this activity are involved in either the
preparation of service-wide examinations for
advancement or the preparation and revision of
rate training manuals and other training materials.

SCOPE OF THIS
TRAINING MANUAL

Before studying any book, it is a good idea
to know the purpose and the scope of that book.
Here are some things you should know about this
training manual:

eIt is designed to give you information on
the occupational qualifications for advancement
to EN1 and ENC.
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e It must be satisfactorily completed before
you can advance to EN1 or ENC, whether you
are in the Regular Navy or in the Naval Reserve.

eIt is NOT designed to give you informa-
tion on the military requirements for advancement
to PO1 or CPO. Rate training manuals that are
specially prepared to give information on the
military requirements are discussed in the section
of this chapter that deals with sources of
information.

eIt is NOT designed to give you informa-
tion that is related primarily to the qudifications
for advancement to EN3 and EN2. Such infor-
mation is given in Engineman 3 & 2, NAVED-
TRA 10541 (current edition).

@ The occupational qualifications that were
used as a guide in the preparation of this train-
ing manual were those promulgated in the Navy
Enlisted Manpower and Personnel Classifications
and Occupational Sandards, NAVPERS 18068-D
(1981). Therefore, changes in the Engineman
gualifications that may have occurred after the
D edition became effective may not be reflected
in the information given in this training manual.

e This training manual includes information
that is related to both the knowledge and the Oc-
cupational Standards for advancement to EN1
and ENC. However, no training manual can take
the place of actual on-the-job experience for
developing skill in the practical factors. This train-
ing manual can help you understand some of the
whys and wherefores, but you must combine
knowledge with practical experience before you
can develop the required skills. The Personnel Ad-
vancement Requirement, NAVPERS 1414/4,
should be utilized in conjunction with this training
manual whenever possible.

@ Subsequent chapters in this training
manual deal with the technical subject matter of
the Engineman rating. Before studying these
chapters, study the table of contents and
note the arrangement of information. Y ou will
find it helpful to get an overall view of the
organization of this training manual before you
start to study it.
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SOURCES OF INFORMATION

It is very important for you to have an exten-
sive knowledge of the references to consult for
detailed, authoritative, up-to-date information on
all subjects related to the military requirements
and to the occupational qualifications of the
Engineman rating.

Some of the publications discussed here are
subject to change or revision from time to time—
some at regular intervals, others as the need arises.
When using any publication that is subject to
change or revision, be sure you have the latest edi-
tion. When using any publication that is kept cur-
rent by means of changes, be sure you have a copy
in which al officia changes have been entered.

NAVAL EDUCATION AND
TRAINING (NAVEDTRA)
PUBLICATIONS

Origindly, training manuals were developed
by the Chief of Naval Training and carried the
designation NAVTRA followed by a number. In
1973, the Nava Education and Training Produc-
tion Development Center (NETPDC) came di-
rectly under the command of the Chief of Naval
Education and Training (CNET). Training
materials published by NETPDC after the above
date are designated NAVEDTRA in lieu of NAV-
TRA; however, the numbers remain as originally
assigned for most publications. The designators
of publications printed prior to 1973 will be
changed as each publication is revised.

The naval training publications described here
include some which are absolutely essential for
anyone seeking advancement and some which,
although not essential, are extremely helpful.

NAVEDTRA 10052

The Bibliography for Advancement Examina-
tion Sudy, NAVEDTRA 10052 is a very impor-
tant publication for anyone preparing for
advancement. This publication lists required and
recommended rate training manuals and other
reference material to be used by personnel
working for advancement. NAVEDTRA 10052
is revised and issued once each year by the Naval
Education Training and Program Devel opment
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Center. Each revised edition is identified by a
letter following the NAVEDTRA number. When
using this publication, be SURE you have the
most recent edition.

In NAVEDTRA 10052, the required and
recommended references are listed by pay grade
level. It is important to remember that you are
responsible for all references used at lower levels,
as well as those listed for the pay grade to which
you are seeking advancement.

Rate training manuals that are marked with
an asterisk (*) in NAVEDTRA 10052 are MAN-
DATORY at the indicated levels. A mandatory
training manual may be completed by (1)
passing the appropriate Enlisted Correspondence
Course based on the mandatory training manual,
(2) passing locally prepared tests based on the in-
formation given in the mandatory training
manual, or (3) in some cases, successfully
graduating from an appropriate Navy school.

It is important to note that al references,
whether mandatory or recommended, listed in
NAVEDTRA 10052, may be expected to be used
as source material for the written examinations
at the appropriate levels. In addition, references
listed in arate training manual may also be used
as source material for examination questions.

Rate Training Manuals

Most rate training manuals are written for the
specific purpose of helping personnel prepare for
advancement. Some manuals are genera in nature
and are intended for use by more than one rating;
others (such as this one) are specific to a particular
rating.

Rate training manuals are revised from time
to time to bring them up to date. The revision of
a rate training manual is identified by a letter
following the NAVEDTRA number. You can tell
whether or not a rate training manual you are
using isthe latest edition by checking the NAVED-
TRA number and the letter following it in the
most recent edition of the List of Training
Manuals and Correspondence Courses, NAVED-
TRA 10061 (revised).

There are three rate training manuals that are
specially prepared to present information on the
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military requirements for advancement. These
manuals are:

Basic Military Requirements, NAVEDTRA
10054 (current edition)

Military Requirements for Petty Officer
3 & 2, NAVEDTRA 10056 (current edition)

Military Requirements for Petty Officer
| & C, NAVEDTRA 10057 (current edition)

Each of the military requirements manuals is
mandatory at the indicated pay grade levels. In
addition to giving information on the military
requirements, these three books give a good deal
of useful information on the enlisted rating struc-
ture; on how to prepare for advancement; on how
to supervise, train, and lead other people; and on
how to meet increasing responsibilities as you ad-
vance in rating.

Some of the rate training manuals that may
be useful to you when you are preparing to meet
the occupational qualifications for advancement
are discussed briefly in the following paragraphs.

Tools and Their Uses, NAVEDTRA 10085
(current edition), contains a good deal of useful
information on the care and use of all types of
handtools and portable power tools commonly
used in the Navy.

Blueprint Reading and Sketching, NAVED-
TRA 10077 (current edition), chapters 1 through
4 and chapter 7, recommended reading in prepar-
ing for advancement to EN2. The remainder of
the training manual contains additional informa
tion that may be of value to you as you prepare
for advancement to EN1 and ENC.

Mathematics, Vol. 1, NAVEDTRA 10069
(current edition), and Mathematics, Vol. 2,
NAVEDTRA 10071 (current edition), may be
helpful if you need to brush up on your
mathematics. Volume 1 contains basic informa-
tion that is needed for using formulas and for
making simple computations. Volume 2 contains
more advanced information than you will need
for most purposes. However, occasionally, you
may find the information in this book to be
helpful.
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Engineman 3 & 2, NAVEDTRA 10541 (cur-
rent edition), must be satisfactorily completed for
advancement to EN3 and EN2. If you have met
this requirement by satisfactorily completing
earlier editions of training manuals prepared for
Enginemen, you should at least become familiar
with Engineman 3 & 2, NAVEDTRA 10541 (cur-
rent edition). Much of the information given in
this edition of Engineman | & C is based on the
assumption that you are familiar with the con-
tents of Engineman 3 & 2, NAVEDTRA 10541
(current edition).

Rate training manuals prepared for other
Group VII (Engineering and Hull) ratings are
often a useful source of information. Reference
to these training manuals will broaden your
knowledge of the duties and skills of other per-
sonnel in the engineering department. The train-
ing manuals prepared for Machinist’'s Mates,
Boiler Technicians, and Machinery Repairmen are
likely to be of particular interest to you.

For a complete listing of rate training manuals,
consult the List of Training Manuals and Cor-
respondence Courses, NAVEDTRA 10061 (latest
revision).

Correspondence Courses

Most rate training manuals and officer texts
are used as the basis for correspondence courses.
Credit for the completion of a mandatory train-
ing manual is earned by passing the cor-
respondence course that is based on that training
manual. You will find it helpful to take other cor-
respondence courses, as well as those that are
based on mandatory training manuals. A cor-
respondence course helps you to master the in-
formation given in the training manual or text.
It also gives you a good idea of how much you
have learned.

NAVSEA PUBLICATIONS

A number of publications issued by the Naval
Sea Systems Command (NAV SEA) will be of in-
terest to you. While you do not need to know
everything that is given in the publications men-
tioned here, you should have a general idea of
where to find information in NAVSEA
publications.
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The Naval Ships' Technical Manual is a basic
doctrine publication of NAVSEA. To alow the
ship to distribute copies to the working spaces
where information is required, chapters are now
issued as separate paper-bound volumes. Chapters
are kept up to date by means of yearly revisions.
Chapters are reviewed less frequently where yearly
revisions are not necessary. In chapters where
intrayear changes are required, either an intra-
year edition or a NAVSEA Notice is distributed
as a temporary supplement for use pending issue
of the new edition of the chapter.

You will find chapters in Naval Ships
Technical Manual of particular importance to the
Engineman referenced in this training manual.
For a list of al chapters in the manual, see
appendix A, chapter 001.

The Deck Plate is a monthly publication which
contains interesting and useful information on all
aspects of shipboard engineering. This magazine
is particularly useful because it presents informa-
tion which supplements and clarifies information
contained in the Naval Ships' Technical Manual
and because it presents information on new equip-
ment, policies, and procedures.

Manufacturers' technical manuals that are fur-
nished with most machinery units and many types
of equipment are valuable sources of information

1-10

on operation, maintenance, and repair of
machinery and equipment. The manufacturers
technical manuals for internal combustion engines
and associated equipment are usually given
NAVSEA numbers.

TRAINING FILMS

Training films which are available to naval
personnel are a valuable source of supplementary
information on many technical subjects. Films
that may be of interest to you are listed in the
Department of the Navy Catalog of Audiovisual
Production Products, OPNAVINST 3 157.1.

When selecting a film, note its date of issue
in the film catalog. As you know, procedures
sometimes change rapidly. Thus some films
become obsolete rapidly. If a film is obsolete
only in part, it may sometimes be shown effec-
tively if before or during its showing you carefully
point out to trainees the procedures that have
changed. When you plan to show afilmtotrain
personnel, take a look at it in advance if possible
so that you may spot material that may have
become obsolete, then verify current procedures
by looking them up in the appropriate sources
before showing the film.



CHAPTER 2

ADMINISTRATION, SUPERVISION,
AND TRAINING

The higher you go in the Navy, the more
responsibility you will have for administration,
supervision, and training. This chapter deals
briefly with some of your administrative and
supervisory responsibilities and then takes up cer-
tain aspects of your responsibility for training
others.

Although it is possible to consider administra-
tion, supervision, and training as three separate
areas of responsibility, it is important to
remember that the three cannot be totally
separated. Much of your work requires you to ad-
minister, supervise, and train, al at the same time.
For example, consider a pump overhaul job. As
an administrator, you will schedule the job, check
on the history of the pump, and see that the
required forms and reports are submitted.

As a supervisor, you will actually oversee the
work and make sure it is done correctly. As a
trainer, you will provide information and instruc-
tion on repair parts, repair procedures and
policies, safety precautions, and other matters.

These administrative, supervisory, and train-
ing tasks have a direct relationship to the job at
hand—namely, the overhaul of the pump. But the
pump overhaul job can't even get started unless
a variety of administrative, supervisory, and train-
ing functions are performed on a continuing basis.
Materials, repair parts, and tools must be
available when they are needed; jobs must be
scheduled with due regard to the urgency of other
work; records must be kept and reports must be
submitted; and personnel must be in a continuous
state of training so that they can assume increas-
ingly important duties and responsibilities. The
only way to keep things running smoothly is to
take your administrative, supervisory, and train-
ing responsibilities serioudly.
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ADMINISTRATION AND
SUPERVISION

As an Engineman, you will have ad-
ministrative and supervisory responsibilities in
connection with engineroom and auxiliary opera
tions and with equipment maintenance and repair.

OPERATIONAL RESPONSIBILITIES

The engineering department administrative
organization is set up to provide a means for the
proper assignment of duties and for the proper
supervision of personnel. However, no organiza-
tion can run itself. Personnel—including you—
are needed to see that all pertinent instructions
are carried out; that all machinery, equipment,
and piping systems are operated in accordance
with good engineering practice; that operating
instructions and safety precautions are posted by
the machinery and obeyed by all engineroom
personnel; that al watchstanders are properly
supervised; that records and reports are filled-in
correctly and submitted as required; and that the
entire engineering plant is operated with max-
imum reliability, efficiency, and safety.

In order for you to monitor and record your
plant’s status and performance, you need to know
which engineering records and reports for the
administration, maintenance, and repair of naval
ships are prescribed by directives from such
authorities as the Type Commander, Naval Ship
Systems Command (NAV SHIPS), and Chief of
Naval Operations (CNO). These records must be
accurate and up to date in accordance with cur-
rent instructions.

As an EN3 and EN2, you have been primarily
concerned with operating logs and similar records.
Asan EN1 or ENC, you will have new supervisory
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duties which will require that you have a greater
knowledge of engineering paperwork and the
associated administrative procedures. Supervisory
duties and responsibilities require a knowledge of
engineering records as well as of such items as
inspections, administrative procedures, training,
preventive maintenance, and repair procedures.

Information on the most common engineer-
ing records and reports is given in this chapter.
These standard forms are prepared by the various
systems commands and CNO. The forms are for
issue to forces afloat and can be obtained as
indicated in the Navy Stock List of Forms and
Publications, NAVSUP 2002. Since these forms
are revised as conditions warrant, personnel order-
ing forms must be sure that the most current
forms are obtained. When complementary forms
are necessary for local use, make certain that an
existing standard form will not serve the purpose
before having complementary forms prepared and
printed.

Legal Engineering Records

The Engineering Log and the Engineer’s Bell
Book are the only legal records compiled by the
engineering department. The Engineering Log is
a midnight-to-midnight record of the ship’s
engineering department. The Engineer’s Bell Book
is alegal record of any order regarding change
in the movement of the propellers.

ENGINEERING LOG.—The Engineering
Log, NAVSEA 3120/2 [(figure 2-1), and the Log
Continuation Sheet, NAVSEA 3120/2A, are
used to record important daily events and data
pertaining to the engineering department and the
operation of the engineering plant. A tableis pro-
vided in the log for recording the hourly average
rpm (to the nearest tenth) of all shafts and the
resultant speed, in knots. Additional tables and
spaces are provided for recording the ship’s draft
and displacement (upon getting underway and
anchoring or mooring); the total engine miles
steamed for the day and the distance traveled
through water; the number of days out of dock;
the amount of fuel, water, and lubricating oil on
hand, received, and expended; the name of the
ship, the date, and the location or route of the
ship; and remarks chronicling important events.
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Entries in the Engineering Log must be made
in accordance with instructions given (1) on the
log sheet (NAVSEA 3120/2), (2) in chapter 10 of
U.S Nawy Regulations, (3) in Naval Ships
Technical Manual, chapter 9004, and (4) in direc-
tives of the type commander.

Remarks written in the Engineering Log must
include (1) boilersin use, (2) engine combination
in use, (3) major speed changes (such as 1/3, 2/3,
standard, and full), (4) al injuries to personnel
occurring within the department, (5) casualties
occurring to material under the cognizance of the
engineering department, and (6) such other mat-
ters as may be specified by competent authority.
Each entry must be a complete statement and
employ standard phraseology. The type com-
mander’s directives contain other specific
requirements pertaining to the “remarks’ section
of Engineering Logs for ships of the type; the
engineer officer must ensure compliance with
these directives.

The origina Engineering Log, prepared neatly
and legibly in ink or pencil, is the legal record.
The remarks should be prepared—and must be
signed—nby the engineering officer of the watch
(EOOW) (underway) or the engineering depart-
ment duty officer (in port). No erasures are per-
mitted in the log. When a correction is deemed
necessary, a single line is drawn through the
original entry so that the entry remains legible and
the correct entry isinserted in such amanner as
to ensure clarity and legibility. Corrections,
additions, or changes are made only by the per-
son required to sign the log for the watch and are
initialed by him on the margin of the page.

The engineer officer verifies the accuracy and
completeness of all entries and signs the log
daily. The commanding officer approves the log
and signs the log on the last calendar day of each
month and on the date he relinquishes command.
The engineer officer should require that the log
sheets be submitted to him in sufficient time to
allow him to check and sign them prior to noon
of the first day following the date of the log
sheet(s).

When the commanding officer (or engineer
officer) directs a change or addition to the
Engineering Log, the person concerned must
comply unless he believes the proposed change or
addition to be incorrect; in this event the
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commanding officer (or engineer officer) enters
such remarks over his signature as he deems ap-
propriate. After the log has been signed by the
commanding officer, no change is permitted
without his permission or direction.

Completed Engineering Log sheets are filed
in a post-type binder. Pages of the log are
numbered consecutively with a new series of page
numbers commencing with the first day of each
caendar year.

ENGINEER'S BELL BOOK.—The
Engineer's Bell Book, NAVSEA 3120/ 1[(figuré
IZZ%, is arecord of al bells, signals, and other
orders received by the throttleman regarding
movement of the ship’s propellers. Entries are
made in the Bell Book by the throttleman (or an
assistant) as soon as an order is received. Entries
may be made by an assistant when the ship is
entering or leaving port, or engaging in any
maneuver which is likely to involve numerous or
rapid speed changes. This procedure allows the
throttleman to devote his undivided attention to
answering the signals.

The Bell Book is maintained in the following
manner:

1. A separate bell sheet is used for each shaft
each day, except where more than one shaft is
controlled by the same throttle station, in which
case the same bell sheet is used to record the orders
for all shafts controlled by the station. All sheets
for the same date are filed together as a single
record.

2. The time of receipt of the order is recorded
in column number 1 (figure 2-2).

3. The order received is recorded in column
number 2. Minor speed changes (generally re-
ceived via revolution telegraph) are recorded by
entering the number of rpm ordered. Major speed
changes (normally received via engine order
telegraph) are recorded using the following
symbols:

1/3 — ahead 1/3 speed

2/3 — ahead 2/3 speed

I — ahead standard speed
I — ahead full speed

Il — ahead flank speed

z — stop

B1/3 — back 1/3 speed
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B2/3 — back 2/3 speed
BF — back full speed
BEM — back emergency speed

4. The number of revolutions corresponding
to the major speed change ordered is entered in
column 3. (NOTE: When the order received is
recorded as rpm in column 2 (minor speed
changes), no entry is made in column 3.)

5. The shaft revolution counter reading (total
rpm) at the time of the speed change is recorded
in column 4. The shaft revolution counter
reading—as taken hourly on the hour, while
underway—also is entered in column 4.

Ships and craft equipped with controllable
reversible pitch propellers record in column 4 the
propeller pitch in feed and fractions of feet set
in response to a signaled speed change, rather than
the shaft revolution counter readings. The entries
for astern pitch are preceded by the letter B. Each
hour on the hour, entries are made of counter
readings, thus facilitating the calculation of engine
miles steamed during those hours when the
propeller pitch remains constant at the last value
set in response to a signaled order.

Before going off watch, the EOOW signs the
Bell Book on the line following the last entry for
his watch and the next EOOW continues the
record immediately thereafter. In machinery
spaces where an EOOW is not stationed, the bell
sheet is signed by the watch supervisor.

The Bell Book is maintained by bridge per-
sonnel in ships and craft equipped with con-
trollable reversible pitch propellers, and in which
the engines are directly controlled from the bridge.
When control is shifted to the engineroom,
however, the Bell Book is maintained by the
engineroom personnel. The last entry made in the
Bell Book on the bridge indicates the time that
control is shifted; and the first entry made in the
Bell Book in the engineroom indicates the time
that control is taken by the engineroom.
Similarly, the last entry made by engineroom per-
sonnel indicates when control is shifted to the
bridge. When the Bell Book is maintained by the
bridge personnel, it is signed by the officer of the
deck (OOD) in the same manner as prescribed for
the EOOW.

Alterations or erasures are not permitted in
the Bell Book. An incorrect entry is corrected by
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ENGINEER'S DELL BOOK - ALL VESSELS 'No'".l." .llt .ooK

NAVSEA 3120/1 (12-78)
(formerly NAVSHIPS 3120/1)

I/ T /[y SHAFT  /8/§)
@ /[ sHr [/ Hul ﬁgg 2/5/ 5 3/E
TYPe /Numeer/ /5S> € [N/ @ Ship Name NUMBER(S) / O/ I
Y T
DlA o
1 2 3-4 5 - ? 10~ 12 13 -14 1% Y617 < c4 R | ~y
Record of all “BELLS,"” SIGNALS, and ORDERS received regarding movement of propellers this date.
En route from to Clocks set back or chead hrs. min,, at
= B ®m ] w J o | w ™ w [ ™ [ @ @ 1)
Tioes woNAL | nrm o Time sanaL | Rem ;- S Ties samac | aem | Zon"
MTCH BT PITCH SET PITCH SET
3 . S R efl a el M- : .

1 -

S/N 0116-LF-031-2000

Figure 2-2—Engineer’s Bell Book, NAVSEA 3120/1.
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drawing a single line through the entry and
recording the correct entry on the following line.
Deleted entries are initialed by the EOOW, the
OOD, or the watch supervisor, as appropriate.

Operating Records and Reports

Engineering operating records are meant to
ensure regular inspection of operating machinery
and to provide data for performance analysis.
Operating records are not intended to replace fre-
quent inspections of operating machinery by
supervisory personnel and are not to be trusted
implicitly to provide warning of impending
casualties. Personnel who maintain operating
records must be properly indoctrinated. They
must be trained to correctly obtain, interpret, and
record data, and to report any abnormal condi-
tions noted.

The type commander’s directives specify
which engineering operating records will be main-
tained and prescribe the forms to be used when
no standard record forms are provided. The
engineer officer may require additional operating
records when (al factors considered—including
the burden of added paperwork) he deems them
necessary.

The operating records discussed in this chapter
are generally retained on board for a period of
2 years, after which time they may be destroyed
in accordance with current disposal regulations.
Completed records must be stowed where they will
be properly preserved, and in such a manner as
to ensure that any one of the records can be
easily located.

DIESEL ENGINE OPERATING
RECORD.—The Diesel Engine Operating
Record-all Ships, NAVSEA 9231/ §fi§[ures 2-3
and 2-4), is adaily record maintained for each
operating diesel engine. In ships with more than
one main engine in the same engineroom, a
separate record sheet is maintained for each
operating engine.

The watch supervisor enters the remarks and
signs the record for his watch. The petty officer
in charge of the engineroom or the senior
engineman checks the accuracy of the record and
signs the record in the space provided on the back
of the record. Any unusual conditions noted in
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the record are immediately reported to the
engineer officer and the record is sent to the
engineer officer for approval.

FUEL AND WATER ACCOUNTS—The
maintenance of daily diesel fuel, lubricating ail,
and water accounts is vital to the efficient opera-
tion of the engineering department. Forms and
procedures necessary to account for and preserve
a limited supply of freshwater and fuel are
generally prescribed by the type commanders.

Principally, the accounts inform the engineer
officer of the status of the ship’s liquid load and
form the basis of reports submitted to higher
authority by the engineer officer.

It is fundamentd to all naval operations that
the ship and unit commanders know the exact
amount of burnable fuel on hand. When com-
puting the amount of burnable fuel on board,
consider only the fuel in the service and storage
tanks. All the fuel below the fuel suction lineis
to be considered not burnable.

FUEL AND WATER REPORTS.—The Fuel
and Water Report, NAVSEA 9255/9 (figures 2-5
and 2-6), is areport submitted daily to the com-
manding officer. This report indicates the amount
of fuel oil and water on hand as of midnight, the
previous day. The Fuel and Water Report also
includes the previous day’s feed and potable water
performance and results of water tests. The
original and one copy are submitted to the OOD
in sufficient time for submission to the command-
ing officer or command duty officer with the
1200 reports. The copy is retained by the OOD.

MONTHLY SUMMARY.—The Monthly

Summary of Fuel Inventory and Steaming Hours
Report is a comprehensive monthly report of
engineering data from which the operating effi-
ciency and general performance of the ship’s
engineering plant can be calculated (
2-7). Requirements for this report are contained
in Fleet Commander Instructions. Thisreport is
prepared by the engineer officer and verified, as
to fuel receipts, by the supply officer. Then, it
is approved and forwarded by the commanding
officer directly to the fleet commander. A copy
isretained on board in the files of the engineer-
ing department. An additional copy of the report
may be provided to the type commander.
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NAVSEA 9255/9 (1-79) (Front) FUEL AND WATER REPORT DATE
(Formerly NAVSEA 9510/1)
TO: COMMANDING OFFICER, USS
FUEL LUBE OIL WATER
(GALLONS) (GALLONS) (GALLONS)
BOILER FUEL DIESEL FUEL STORAGE TANKS POTABLE RESERVE FEED

ON HAND LAST REPORT

RECEIVED (+)

DISTILLED  (+)

EXPENDED -)

GAIN (+) LOSS (-)
BY INVENTORY

ON HAND THIS REPORT

ON HAND %

TRANSFERS/RECEIPTS (FUEL, LUBE OIL, OR WATER)

L Lhmom HRS TO _______ HRS AMOUNT (GAL) SOURCE
ER
FROM HRS TO ____ HRS AMOUNT (GAL) SOURCE
POTABLE WATER RECORD FEEDWATER CONSUMPTION
PERSONNEL GALLONS USED STANDARD NOT UNDERWAY UNDERWAY
ON BOARD PER PERSON (GALLONS PER HOUR) (GALLONS PER HOUR)
REMARKS:

Figure 2-5/—Fuel and Water Report (Front).

2-9

98.165



ENGINEMAN 1 & C

NAVSEA 9255/9 (1-79) (Back)

HOURS
SINCE CLEANING

BOILER WATER CONDITIONS

RECORD THE BOILER WATER TEST RESULTS IN THE DESIGNATED SPACES. RESULTS NOT
WITHIN LIMITS MUST BE CIRCLED IN RED AND EXPLAINED IN REMARKS ON THE FRONT OF

(OIL KING)

{MPA)

{ENGINEER OFFICER)

THIS REPORT.,
LAST SAMPLE RANGE OF RESULTS TOTAL
BLR | FIRE- WQITDEER wngoEER LAYUP ISTEAMING
NO. SIDE PHOS- {CHLOR- PHOS- | CHLOR- CODE
MECH HEM)
(MECH) | (CHE PH | COND. | pyate | 1DE pH | COND. | pjyatE | 1DE HOURS
MAX
MIN
MAX
MIN
MAX
MIN
MAX
MiN
MAX
MIN
MAX
MIN
MAX
MIN
MAX
MIN
DEAERATED FEEDWATER CONDITIONS
SYSTEM DISSOLVED OXYGEN (PPB) SALINITY INDICATOR (EPM CHLORIDE) pH
S 3 2 3 3 1 2 3 7 7 3 3 )
MAX MAX MAX
RANGE
OF MIN MIN MIN
RESULTS
BOILER WATER LIMITS: TYPE A IYPESB BOILER LAYUP
pH * 10.20 - 10.60 9.80 - 10.20 DRY
CONDUCTIVITY (UMHOS/CM) 600 MAX 400 MAX DES DESICCANT
PHOSPHATE (PPM) 50 - 120 25 - 60 HTD HEATED AIR
CHLORIDE (EPM) NOTE 1 NOTE 1
WET
STM 150 PSI STEAM
NOTE 1. SHOULD NOT NORMALLY EXCEED 1.00 EPM (CONTAMINATION NOT OCCURRING) (SHIP)
. sTs 150 PSI STEAM
FEEOWATER LIMITS: ALL SHIPS {SHORE)
DISSOLVED OXYGEN (PPB) 15 PPB BY METER, 15 PPB BY CHEMICAL TEST NIT NITROGEN
SALINITY (EPM CHLORIDE) 0.02 DET HOT DFW FILL
pH 8.60 - 9.00 HYD HYDRAZINE
PREPARED BY REVIEWED REVIEWED

Figure 2-6.—Fuel and Water Report (Back).
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MONTHLY SUMMARY OF FUEL INVENTORY
AND STEAMING HOURS REPORT

LANTFLT 3100/1 (Rev. 7/73)

0103-LF-631-0011

CINCLANTFLT REPORT 31004

(No letter of tronsmittal required.
Submit by 3rd of following month.)

FROM (Nome, type, hull no.}

uss

vic

s
MONTH/YEAR

TO COMMANDER IN CHIEF

MAIN PROPULSION FUEL TYPE (Check one)

OPR CDR CODE

DAYS UNDERWAY

U.S. ATLANTIC FLEET (CODE 042) [ nsFo 0 se-s (SEE REVERSE)
NORFOLK, VA. 23511 ) otesec O oistiLLaTe
NSFO DIESEL JP-5 DISTILLATE
{GALLONS) (GALLONS) (GALLONS) (GALLONS)
FUEL INVENTORY ON BOARD
BEGINNING OF MONTH
RECEIPTS DURING MONTH (+)
GAIN BY INVENTORY (+)
LOSS BY INVENTORY, STRIPPING, (=)
CONTAMINATION
TOTAL MONTHLY DELIVERIES TO (=)
SHIP, HELO, ETC.
FUEL CONSUMED UNDERWAY (-}
FUEL CONSUMED NOT UNDERWAY (=)
FUEL CONSUMED FOR BOATS, AUX, ETC. (-)
FUEL INVENTORY ON BOARD |
END OF MONTH (Bal)
STEAMING STEAMING NOT UNDERWAY TOTAL HOURS
UNDERWAY NOT UNDERWAY COLD IRON FOR MONTH
HOURS
FUEL RECEIPTS - DETAIL FROM ISSUING .
ng gR SHOREEALT er\? FUEL DELIVERIES - DETAIL AND DOCUMENT NUMBERS
Date From Type Gallons Date To Type Gollons
SUBMITTED RECEIPTS/DELIVERIES FORWARDED APPROVED
VERIFIED
CHIEF ENGINEER SUPPLY OFFICER [+ NDING R

Figure 2-7.—Monthly Summary of Fuel and Steaming Hours Report, CINCLANT FLT Report 3100-4.
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The Monthly Summary includes the ship’s fuel
receipts data, fuel consumption and steaming
hours necessary to establish monthly financial
obligations, and fuel requirements data for budget
justification. It also generates management
reports for fuel receipts by operational and type
commanders. This report includes all fuel data as
of 2400 hours of the last day of the month and
must be forwarded within 5 days of completion
of the reporting month. Fleet Commander
Instructions contain detailed instructions for com-
pleting the forms, as well as the definitions of the
terms used.

In addition to data on fuel inventory, the
report contains space for fuel consumed under-
way, fuel consumed not underway, and fuel con-
sumed by boats. Space is aso provided for tota
steaming hours broken down as underway and not
underway.

Most engineer officers prefer to compile the
necessary data for this summary on a daily basis
rather than wait until the end of the month and
make computations from the various records. The
mathematical accuracy of the computations must
be observed when the report is being prepared to
avoid the necessity of resubmitting a corrected
form later.

Disposal of Engineering
Records and Reports

Before any of the engineering department
records are destroyed, the Disposal of Navy and
Marine Corps Records, USN and USNS Vessdls,
SECNAVINST P5212.5 (revised), should be
studied. This publication informs ships of the
Navy of the procedures used for disposing of
records. For each department aboard ship, these
instructions list the permanent records which must
be kept, and the temporary records which may
be disposed of in accordance with an established
schedule.

Both the Engineering Log and Engineer’s Bell
Book must be preserved as permanent records on
board ship for a 3-year period unless they are re-
quested by a Naval Court or Board, or by the
Navy Department. In such case, copies (preferably
photostatic) of such sheets or parts of these
records that are sent away from the ship are

2-12

certified by the engineer officer as being true
copies for the ship’sfiles.

At regular intervals, such as each quarter, the
parts of those records that are over 3 years old
are destroyed. When a ship that isless than 3 years
old is decommissioned, the current books are re-
tained. If a ship is scrapped, the current books
are forwarded to the nearest Naval Records
Management Center.

All reports forwarded to, and received from,
NAVSEA or other superior command may be
destroyed when 2 years old, if they are no longer
required.

Only those reports which are required or serve
a specified purpose should be maintained on
board ship. However, any report or record which
may assist personnel in scheduling or making
repairs and which will supply personnel with
information which is not contained in publications
or manuals should also be kept on board.

Trend and Spectrographic
Analysis

Two types of inspections and tests that can be
used to “spot” impending trouble in an internal
combustion engine before it can serioudly affect
its operation are called trend and spectrographic
analyses. We will now discuss and explain their
importance and use in detecting problems in
internal combustion engines.

ENGINE TREND ANALY SIS.—Preventive
maintenance receives a great deal of attention
from everyone in the field of diesel engine opera-
tion, since the idea of letting an engine run as long
as it will run and fixing it only after a breakdown
occurs is not only foolish, but extremely costly.
On the other hand, it would be just as foolish to
be constantly tearing down an engine for inspec-
tion. It is a known fact that vital parts of an engine
last longer and operate better if they are not
tampered with unnecessarily. Therefore an
attempt must be made to find a happy medium
between these two forms of maintenance.

One way is to determine the condition of an
engine is by monitoring its operation. This is done
by regularly obtaining certain engine operating
data and by studying, and analyzing, and com-
paring it with previous data. This information is
then reduced to a form which all engineering
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personnel can interpret and, based on the findings,
decide whether or not the engine needs to be
overhauled in order to ward off serious and costly
damage or just be temporarily shut down for some
simple maintenance.

The key to utilizing engine performance data
as atool isto make graphs from the data which
show at a glance the signs of impending distress.
Analysis of this graphical display is commonly
caled trend analysis.

In order to get a good indication of the engine
condition, the following specific items are
recorded.

1. Cylinder compression pressures.

2. Cylinder firing pressures.

3. Fuel pump rack or governor power piston
position.

4. Cylinder exhaust temperature.

5. Crankcase vacuum.

6. Lubricating oil pressure at engine inlet or
upper header.

7. Manifold air or scavenging air pressure.

To produce meaningful graphs, all data must
be plotted under the same conditions, and be ob-
tained at some readily duplicated condition. It is
not important that the engine be under full load
at full speed when taking data, but it is impor-
tant that all data be obtained under similar con-
ditions. For example:

1. Always obtain data from generator sets at
80% load and 100% speed.

2. Always obtain data from propulsion
engines; for example, standard or full.

Data need not be plotted daily. In most cases,
a set of readings should be plotted every 200 hours
of operation. In some cases it may be prudent to
repeat a set of readings when alarge change in
operating characteristics has apparently occurred.

The first step in preparing the graphs for trend
analysis is to collect the data. This is done by
observing and recording the above items with the
engine operated at a selected type of condition for
a sufficient time, prior to taking data, to allow
pressures and temperatures to stabilize. (It can be
assumed that conditions have stabilized when lube
oil and freshwater temperatures are within £ 5°
of the normal operating temperatures.
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These data are then plotted on 10 x 10 lines
per inch graph paper as shown on the examples
[(figures 2-8] through 2-15). For convenience, the
first points are located at zero time for an engine
that has just been overhauled or at the number
of hours on the engine since the last overhaul (0,
400, 1000, 1600 hours, etc.). The first point for
lube oil consumption occurs at 200 engine hours,
Thisis done because it is easier to start with a full
engine sump and monitor the amount of oil
added each 200 hours to obtain the consumption
rate. Once the initial points have been plotted, all
that is required is to record and plot the same
information each 200 hours and observe the trends
that develop. (NOTE: remember to always take
data under the same controlled conditions!)

A close look at the sample graphs will reveal
how they can be used to determine engine condi-
tion. For purposes of illustration, the ideal trend
of each graphed value is shown for a hypothetical
engine. Unfortunately, the Navy does not have
too many ideal engines so some samples of
problem indications that may be expected are also
included.

Onfigures 2-8 and 2-9, a high, average, and
low value is plotted for both firing and compres-
sion pressures. Under normal conditions these
curves will remain flat until the engine is
approaching the time of overhaul, then the curves
will start to fall off. The high and low firing
pressures will remain at about + 50 psi (100 psi
spread) from the average firing pressure for a well-
balanced engine. If you look at|figure 2-8you can
see that a decided drop in firing pressure has oc-
curred at 1600 hours (point A). Thisfailure in the
compressing pressures indicates that the rings are
either sticking, broken, or beginning to wear; that
the valves are not functioning properly; or that
the liner is beginning to score or possibly that a
piston has cracked. Remember that any change
in acurve (beyond normal limits) indicates that
immediate attention is required. At this point, it
should be pointed out that more than one
indicator will usually revea the same distress
signal. Therefore, before any corrective action is
taken, it is best to make a study of other curves
to deny or confirm the problem. In this case check
the lube oil consumption, crankcase vacuum, and
exhaust temperature curves. In[figures 2-9] 2-10,
and 2-15 the typical indications for this problem
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are marked as point A. All indications point to
a definite internal problem in one cylinder. No
rise in lube oil consumption is indicated (point A
onfigure 2-15) because a dlightly worn set of rings
or liner probably would not cause a measurable
increase in lube oil consumption. The logs should
now be consulted to find the problem cylinder and
initiate appropriate repairs.

If only firing pressures and exhaust
temperature are low, the fuel system should be
checked on the problem cylinder.

The crankcase vacuum graph
indicates ring, piston, or liner condition. As long
as everything is normal, this curve will also be flat.
A cracked piston, worn rings, or liner will increase
blow-by, causing decreased crankcase vacuum. If
crankcase vacuum decreases with no change in
other indicators, the crankcase scavenging system
should be checked for proper operation. An
increase in crankcase vacuum may be caused by
a clogged intake screen.

The exhaust temperature graph
indicates general cylinder conditions and engine
balance, although this item is not necessarily a
definite indication of trouble itself. Any abnor-
mal temperature with no accompanying change
in the various other indicators can usualy be
attributed to afaulty pyrometer. The pyrometer
in question should then be carefully inspected and
tested before any other inspections or adjustments
are accomplished.

The lube oil pressure graph
indicates the engine bearing condition, [ube oil
pump condition, piping conditions, by-pass relief
valve conditions, etc. Lube oil pressure obtained
at the upper header of Fairbanks Morse opposed
piston engines is particularly useful in monitor-
ing the condition of the internal portion of the
lube oil system.

The manifold pressure graph
indicates the condition of the scavenging system.
Increasing air box pressures indicate port
clogging, while reduced air box pressures indicate
some abnormality in the air intake systems,
blower, or turbocharger. Both of these cases re-
guire immediate attention.

The fuel rack or governor power piston posi-
tion graph[(figure 2-14) indicates the general con-
dition of the fuel system. Increased rack settings
for a given power output indicate fuel pump
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deterioration or a decrease in engine combustion
efficiency.

The lubrication oil consumption graph[(figure
is for the lubricating oil consumption in
gallons per 200 hours operation. It should be
noted that the values on this curve are initially
very high. They decrease and then remain nearly
constant until the engine is approaching its
overhaul time. The initial high consumption is due
to unseated piston rings. As rings become seated,
the consumption will decrease to a normal value
and remain nearly constant until the rings or liners
begin to wear. Any significant increase in lube oil
consumption must be carefully evaluated to deter-
mine if the oil is realy being consumed in the
engine or is being lost because of external leaks.
Too many times an engine is assumed to be at
fault when lube oil is realy being lost due to
leakage.

Review off figures 2-8 through 2-15 will also
indicate other problems that are not discussed in
this text. Each sample problem is marked on the
various graphs at the appropriate engine hours so
a study of the samples can be made.

In conclusion, operational graphs show the
condition of the engine. They show what is hap-
pening, what needs to be done, and what has to
be planned for in advance. The life expectancy
of vital parts can be determined from these curves,
and the parts can be renewed before they reach
the point of failure.

The trend analysis program must be followed
closely, especially during the initia period of the
program when care must be taken to ensure that
the data gathered are meaningful. However, if the
condition of any particular engine indicates that
an overhaul is required to maintain it operational,
this should be accomplished at the earliest possi-
ble time.

ENGINE LUBE OIL ANALYSIS.—
Spectrometric oil analysis is another valuable tool
which can be used to determine the extent of
accelerated wear in internal combustion engines
and other machinery which use closed lube oil or
hydraulic oil systems. By the use of spectrometric
oil analysis, the accelerated wear in machinery can
be detected without disassembling the equipment
long before there is any other indication of
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immediate trouble. As a result of this type of
anaysis, skilled maintenance personnel have been
able to pinpoint wear areas early, and to take
corrective and preventive maintenance action
during an emergency or on a pre-planned basis
as determined by the type of accelerated wear
detected. By replacing worn out minor parts a
magjor failure can be prevented, and the require-
ment for costly parts replacements of complete
overhaul of the equipment can be eliminated.

Ships shall maintain accurate records of
operating hours since major overhauls, oil
changes, and samplings in order to provide the
testing facility with the information requested in
the sampling kit. (COMNAVSURFLANT uses
the services of the Charleston Naval Shipyard and
COMNAVSURFPAC uses Intermediate
Maintenance Activities (IMA) for analyzing oil
samples from machinery employing closed lube
oil/hydraulic systems.) In addition, a record of
conditions found and repairs effected as a result
of inspections conducted following recom-
mendations of the laboratory must also be
maintained.

When the shipyard or IMA laboratory receives
the oil sample, a physical test and a spectrometric
analysis are performed. The physical test consists
of the following:

1. All samples are tested for fuel dilution, and
areport is provided to all concerned by percent
volume as per requirements of ASTM D92057.

2. All samples are tested for solids by
centrifuge to show the amount of suspended
particles separately from precipitated solids. The
test must differentiate between those fine particles
suspended by the active compounds in the oil and
those that can settle out of the oil spontaneoudy
to give aratio of colloidal/precipitated solids.

3. Allowable “use limits’ are tested and
recorded.

When the physical test is completed the
shipyard/IMAs should make a spectrometric
analysis of each used oil sample, then record and
report to all concerned the concentrations of the

2-19

Element Concentration In

Standard Reference Specimen  Standard Deviation

(Range in PPM) (Maximum in PPM)
3- 9 15
10- 19 2
20- 49 3
50- 99 5
100 - 199 8
200 - 500 15

Figure 2-16.—Element Concentrations.

following elements in parts per million (ppm). (See
figure 2-16|)

Iron (Fe) Nickel (Ni) *Sodium (Na)
Lead (Pb) Silver (Ag)  Phosphorus (P)
Copper (Cu) Tin (Sn) Zinc (Zn)

Chromium (Cr) Silicon (Si) Calcium (Ca)
Aluminum (Al) Boron (B) Barium (Ba)

*Only when evidence of water is present.
Testing will be done for all the above elements.

The sensitivity and reliability of the equipment
used for the test will be such that the standard
deviation obtained in the analysis for each
specified element must not exceed the appropriate
value shown inffigure 2-16]

Additional information on trend analysis and
oil spectrometric analysis is contained in COM-
NAVSURFLANTINST 9000.1 or COMNAV-
SURFPACINST 4700.1A.

MAINTENANCE AND REPAIR
RESPONSIBILITIES

In order to fulfill your maintenance and repair
responsibilities along with your administrative and
supervisory responsibilities you must plan your
work ahead of time.

You must determine all the work that must
be done and prepare a schedule to ensure that it
is done. You must also keep your schedule flexi-
ble enough to allow unexpected maintenance and
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repair work to be done whenever the need for such
work arises.

Review the Maintenance and Material
Management (3-M) Manual, OPNAVINST
4790.4, it will make your planning and schedul-
ing considerably easier.

Materials and Repair Parts

The responsibility for maintaining adequate
stocks of engineroom repair parts and repair
materials belongs at least as much to you as it does
to the supply department. The duties of the supply
officer are to procure, receive, stow, issue, and
account for the support of the ship. However, the
supply officer is not the prime user of repair parts
and repair materials; the initiative for maintain-
ing adequate stocks of repair materials, parts, and
equipment must come from the personnel who are
going to use such items. Namely Y oul!

Basic information on supply matters is given
in Military Requirements for PO 3 & 2, NAVED-
TRA 10056 (current edition), Military Re-
guirements for PO 1 & C, NAVEDTRA 10057
(current edition), and OPNAVINST 4790.4,
volumell.

Identification of Repair
Parts and Materials

Identification of repair parts and materias is
not usually a great problem when you are deal-
ing with familiar equipment on your own ship;
but it may present problems when you are doing
repair work for other ships, as you would if
assigned to the machine shop on a repair ship or
tender.

The materials and repair parts to be used are
specified for many repair jobs but not for all.
When materials or parts are not identified in the
instructions accompanying a job, you will ether
have to use your own judgment or do research
to find out just what material or part should be
used. When you must make the decision yourself,
select materials on the basis of the service condi-
tions they must withstand. Operating pressure and
operating temperature are primary considerations
in selecting materials and parts for most
engineroom repair work.
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The fact that materials and repair parts are
not specified in the instructions accompanying a
job does not mean that you are free to use your
own judgment in selecting parts and materials to
accomplish ajob. Instead, it usually means that
you must know where to look for information on
the type of material or repair parts needed, then
locate and requisition them in order to complete
the assigned job.

There are severa shipboard sources of infor-
mation that will be useful to you in identifying
the equipment and/or the repair parts needed.
They include the Coordinated Shipboard
Allowance List (COSAL); nameplates on the
equipment; manufacturer’s technical manuals;
and ships plans, blueprints, and other drawings.

COORDINATED SHIPBOARD ALLOW-
ANCE LIST (COSAL).—The COSAL is
both a technical and a supply document prepared
for an individual ship. It lists the equipment or
components required for the ship’s operation; the
repair parts and special tools required, the
overhaul and repair equipment, and the
miscellaneous portable items necessary for the
care and upkeep of the ship.

For your purpose, the COSAL is the basic
source of information on repair parts and
materials needed for a job. A COSAL gives you
information on such items as the noun name of
a system (engine, pump, €jector, etc.), the
manufacturer’'s name and the |.D. number
(General Motors Corporation #3255), the
technical manual number for the system, the
manufacturer’s drawing numbers, and the
Allowance Parts List (APL) numbers for related
systems (governor’s, starters, transmissions, etc.).
In addition, COSAL provides specific informa-
tion about National Stock numbers (NSNs), units
of issue, costs, and the number of items needed.
It may also include lists of part numbers and
Federal Stock Numbers (FSNs) for crossover
checks.

To request materials and repair parts from the
supply department aboard ship, you must fill out
and submit a NAVSUP Form 1250, a single item
consumption/management document. If the item
is not stocked aboard ship, the supply department
will requisition the material from a supply activity,
using the identifying information that you have
given on the NAV SUP Form 1250. However, if
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al the information you have available is a
manufacturer’s part number, then you must aso
fill out and submit, along with the NAVSUP
Form 1250, a DD-1348-6 Form, NON-NSN REQ-
UISITION. For information on how to fill out
these supply forms, review Military Requirements
for PO 3 & 2, volume Il of OPNAVINST 4790.4,
or ask your ship’s supply personnel for assistance.

Whenever you find it necessary to request
materials or repair parts, remember two things:

1. If at al possible, find the correct NSN for
each item requested. All materials now in the
supply system have been assigned an NSN, and
you should be able to locate them by using the
COSAL and the other sources of information
available to you such as the following:

a. NAMEPLATES on equipment supply
information regarding the characteristics of the
equipment. Nameplate data seldom, if ever,
include the exact materials required for repairs,
however, the information given on the
characteristics of the equipment and on pressure
and temperature limitations may provide useful
clues for the selection of materials.

b. MANUFACTURERS TECHNICAL
MANUALS are furnished with al machinery and
equipment aboard ship. Materials and repair parts
are sometimes described in the text of these
technical manuals, more commonly, however,
details of materials and parts are given on the
drawings. Manufacturers catalogs of repair parts
are also furnished with some shipboard equip-
ment; when available, these catalogs are a valuable
source of information on repair parts and
materials.

c. SHIPS PLANS, BLUEPRINTS, and
OTHER DRAWINGS available on board ship are
excellent sources of information on materials and
parts to be used in making various kinds of
repairs. Many of these plans and blueprints are
furnished in the regular large sizes; but lately,
microfilm is being used increasingly for these
drawings. Information obtained from plans,
blueprints, and other drawings should aways be
checked against the information given on the
ship’s COSAL to be sure that any changes made
since the origina installation have been noted on
the drawings.

2-21

2. Work informally with the supply depart-
ment personnel who are actualy responsible for
identifying and requesting material. You have the
technical knowledge, and you know what you
need. If you cannot find the correct stock number,
however, your job is to give enough standard iden-
tification information, such as manufacturer part
numbers, and Allowance Parts List/Component
Identification Description (APL/CID) numbers,
so that supply personnel on board ship or ashore
can identify the item you want. Experienced
supply personnel are familiar with identification
publications and can help you to locate the cor-
rect stock numbers and other important identi-
fying information.

SHIP EQUIPMENT CONFIGURATION
ACCOUNTING SYSTEM (SECAS).—When the
structure or composition of either the ship or a
particular system or equipment on board a ship
is modified, this modification must be
documented. This action will ensure proper ac-
counting of configuration changes, and will help
improve supply and maintenance support
technical manuals, PMS coverage, updated
COSAL, etc., to your ship. SECAS is the
designated system responsible for maintaining the
configuration status reported by your ship.

Although the responsibility for identifying and
reporting these changes rests at all levels of the
command, the work center supervisor is respon-
sible for ensuring that the proper documentation
is completed and processed as described in volume
Il of OPNAVINST 4790.4.

OPNAV Form 4790/CK, Ship’'s Configura-
tion Change Form, is used to report configura-
tion changes at the individual equipment level.

SHIP-TO-SHOP WORK.—Many repair jobs
are designated by the ship or approved by the
repair activity as “ship-to-shop” jobs. In this type
of job, the ship’s force does a large part of the
repair work. For example, the repair or renewal
of adamaged pump shaft might well be written
up as a ship-to-shop job. The ship’s force will
disassemble the pump and remove the shaft. Then
the shaft and any necessary blueprints or technical
manuals are delivered to the designated shop of
the repair activity. After the shaft has been
repaired, or a new one has been made, it is
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picked up and brought back to the ship by the
ship’s force. The pump is reassembled, inspected,
and tested by the ship’s force to make sure that
it is operating satisfactorily.

An important thing to remember is that while
the repair facility is responsible for ensuring that
its personnel repair or manufacture this shaft to
the manufacturer’s specifications, perform all
tests required by Quality Assurance (QA), and fill
out properly all the required forms, it is your
responsibility to witness any test required by QA,
to monitor the status of the job at all times, and
to reassemble and test operate the equipment
properly, so that the end results will produce a
reliable operating piece of equipment.

EQUIPMENT TESTS.—As an EN1 or ENC,
you have the responsibility for scheduling and per-
forming various tests on your equipment. The
purpose of those tests is to determine how your
equipment is performing and if there are any
equipment malfunctions. These tests are per-
formed at various times, such as (1) before going
to the shipyard for overhaul, (2) after post deploy-
ment, (3) during a tender availability, or (4) as
required by PMS. The tests are performed by the
ship’'s force, IMA personnel, shipyard personnel,
or by an inspection team (such as the Board of
Inspection and Survey (INSURV Board)).
Detailed types of inspections are described in
COMNAVSURFLANT Inst. 9000.1 or COM-
NAVSURFPAC Inst. 4700.1A.

Scheduling Work

Careful planning is required to keep up with
al auxiliary maintenance and repair work in the
enginerooms. Y ou should already have in your
work center the necessary items which can help
you in scheduling your work. These items are (1)
the Quarterly PMS Schedule, which is the visual
display of your work center's PMS requirements
for a specific 3-month period; (2) the weekly
schedule (taken from the quarterly schedule),
which displays all your work center's PMS
schedule for completion in a given week; and (3)
the Maintenance Data Collection Subsystem
(MDCS) forms, such as the OPNAV 4790-2K,
OPNAV 4790-2L, and OPNAV 4790-2Q. Of
these, OPNAV Form 4790.2K is used to show
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completion of specific PMS requirements; to
request repair of equipment or services from
IMASs or shipyards; or can be used to describe
equipment malfunctions. OPNAV Form 4790/2L
is a supplemental form which you use to provide
amplifying information relating to a maintenance
action described on a corresponding 4790/2K. The
OPNAYV 4790/2L may also be used to list: Mullti-
pleitem serial numbers and locations for which
identical maintenance requirements exist from an
outside activity; and Drawings and sketches.

OPNAYV Form 4790/2Q is an automated work
request produced by an IMA with computer
capabilities. The “2Q” is produced from the
original 4790/2K which is in your Current Ships
Maintenance Project (CSMP) suspense file. For
more detailed information about these forms and
schedules, and how to fill them out, review OP-
NAVINST 4790.4, volumes | and 1.

Some of the proven uses you should follow
when scheduling maintenance and repair work are
listed below:

1. Size up each job before you let anyone start
working on it. Check the applicable Maintenance
Requirement Cards (MRCs) so that you will know
exactly what needs to be done. Also, check all
applicable drawings and manufacturer’s technical
manuals.

2. Check on materials before you start. Be
sure that al required materials are available before
your personnel start working on any job. Do not
overlook small items—nuts, bolts, washers, pack-
ing and gasket materials, tools, measuring devices,
and so forth. A good deal of labor can be saved
by the simple process of checking on the availabil-
ity of materials before ajob is actually started.
An inoperable piece of machinery may be useless,
but it can become a nuisance and a safety hazard
if it is spread around the engineroom in bits and
pieces while you wait for the arrival of repair parts
or materials.

3. Check the priority of the job and that of
all other work that needs to be done.

4. When assigning work, carefully consider
the capabilities and experience of your personnel.
As arule, the more complicated jobs should be
given to the more skilled and more experienced
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people. When possible, however, less experienced
people should be given difficult work to do under
supervision so that they may acquire skill in such
jobs.

Be sure that the person who isgoing to do a
job is given as much information as necessary.
An experienced person may need only a drawing
and a general statement concerning the nature of
the job. A less experienced person is likely to
require additional instructions and, as a rule,
closer supervision.

5. Keep track of the work as it is being done.
In particular, check to be sure that proper
materials and parts are being used, that the job
is properly laid out or set up, that al tools and
equipment are being used correctly, and that all
safety precautions are being observed.

6. After a job has been completed, make a
careful inspection to be sure that everything has
been done correctly and that al final details have
been taken care of. Check to be sure that all
necessary records and reports have been prepared.
These job inspections serve at least two very
important purposes: first, they are needed to make
sure that the work has been properly performed;
and second, they provide for an evaluation of the
skills and knowledge of the person who has done
the work. Do not overlook the training aspects
of ajob inspection. When your inspection of a
completed job reveals any defects or flaws, be sure
to explain what is wrong, why it is wrong, and
how to avoid similar mistakes in the future.

Estimating Work

You will often be required to estimate the
amount of time, the number of personnel, and
the amount of material that will be required for
specific repair jobs. Actually, you are making
some kind of estimate every time you plan and
start a repair job, as you consider such questions
as: How long will it take? Who can best do the
job? How many people will be needed? Are all
necessary materials available?

However, there is one important difference
between the estimates you make for your own use
and those that you make when your division
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officer asks for estimates. When you give an
estimate to someone in authority over you, you
cannot tell how far up the line this information
will go. It is possible that an estimate you give
to your division officer could ultimately affect the
operational schedule of the ship; it is essential,
therefore, that such estimates be as accurate as
you can possibly make them.

Many of the factors that apply to the schedul-
ing of al maintenance and repair work apply aso
to estimating the time that will be required for
a particular repair job. You cannot make a
reasonable estimate until you have sized up the
job, checked on the availability of materials,
checked on the availability of skilled personnel,
and checked on the priority of the various jobs
for which you are responsible. In order to make
an accurate estimate of the time required to com-
plete a specific repair job, you must also consider
(1) what part of the work must be done by other
shops, and (2) what kinds of interruptions and
delays may occur. Although these factors are also
important in the routine scheduling of
maintenance and repair work, they are particu-
larly important when estimates of time that may
affect the operational schedule of the ship are
made.

If part of the job must be done by other shops,
you must consider not only the time actually
required by these shops but also time that may
be lost if one of them holds up your work, and
the time spent to transport the material between
shops. Each shop should make a separate
estimate, and the estimates should be combined
in order to obtain the final estimate. Do NOT at-
tempt to estimate the time that will be required
by other personnel. Attempting to estimate what
someone else can do is risky because you can’t
possibly have enough information to make an ac-
curate estimate.

Consider al the interruptions that might cause
delay, over and above the time required for the
work itself. Such things as drills, inspections, field
days, and working parties can have quite an
effect on the number of people who will be
available to work on the job at any given time.

Estimating the number of personnel who will
be required for a certain repair job is, obvioudly,
closely related to estimating time. You will have
to consider not only the nature of the job and the
number of people available but also the maximum
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number of people who can work EFFECTIVELY
on ajob or on part of the job at the same time.
Doubling the number of personnel will not cut
the time in half; instead, it will result in confu-
sion and aimless milling around.

The best way to estimate the time and the
number of personnel needed to do ajob isto
divide the total job into the various phases or steps
that will have to be done, and then estimate the
time and the personnel required for each step.

Estimating the materials required for a repair
job is often more difficult than estimating the time
and labor required for the job. Although your
own past experience will be your best guide for
this kind of estimating, a few general considera-
tions should be noted:

1. Keep accurate records of all materials and
tools used in any major repair job. These records
serve two purposes: first, they provide a means
of accounting for materials used; and second, they
provide a guide for estimating materials that will
be required for similar jobs in the future.

2. Before starting any repair job, plan the job
carefully and in detail. Make full use of manufac-
turers’ technical manuals, blueprints, drawings,
and any other available information, and find out
in advance all the tools and materials that will be
required for the accomplishment of each step of
the job.

3. Make a reasonable allowance for waste
when calculating the amount of material you will
need.

TRAINING

By the time you have reached the E-5 or E-6
level, you have acquired many skills and a large
amount of theoretical knowledge. Among other
things, you have learned about—

Construction details, operating principles, and
operating characteristics of al types of naval
propulsion plants and associated engineroom aux-
iliary machinery; propulsion plant layout and pip-
ing system arrangement; theory of combustion,
theory of energy transformations, and factors
governing engineroom and fireroom efficiency;
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nature and theory of engineroom operations;
operational troubleshooting; engineering casuaty
control; engineroom maintenance and repair;
characteristics of metals and alloys; tests and
inspections of main engines, characteristics and
tests of lube oil; and records, reports, and other
administrative requirements.

Asyou well know, thisis only a partial list
of the skills and knowledge you must have in order
to qualify as an expert Engineman. But even a
very wide range of abilities and an extensive
theoretical knowledge will not, in themselves,
guarantee your success as an instructor.

TRAINING RESPONSIBILITIES

You must be technically competent before you
can teach others, but your technical competence
must be supplemented by the ability to organize
information, to present it effectively, and to
arouse and keep the interest of your trainees.

You will find excellent general information on
how to plan, carry out, and evaluate an instruc-
tiona program in Military Requirements for Petty
Officer 3 & 2, NAVEDTRA 10056 (current edi-
tion) and in Military Requirements for Petty
Officer 1 & C, NAVEDTRA 10057 (current edi-
tion). The present discussion does not include
basic information of the type given in these
references; instead, it deals with some of the dif-
ficulties peculiar to the training of engineroom
and auxiliary personnel and some of the ways in
which you can overcome or minimize these
difficulties.

What kinds of things cause specia problems
in the training of engineroom personnel? For one
thing, the interrelationship of propulsion plant
operations. Each person must be trained to per-
form not only as an individual but also as a
member of ateam. Take for instance the duties
of the watchstanders. They are very closely
related, and the actions taken by one person de-
pend in some way upon the actions taken by other
persons. From a long-range point of view,
however, the teamwork required for engineroom
operations can actually be turned to a training
advantage. As a person is being trained for one
specific duty, he must of necessity be learning
something about the other duties. As a rule,
therefore, the first part of a person’s engineroom
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training may take quite a while, but the last part
will be comparatively fast.

The procedures for training a new person in
engineroom operations vary considerably,
depending upon such factors as the ship’s steam-
ing schedule, the condition of the engineroom
machinery, the number of experienced personnel
available to assist in the training, and the amount
of time that can be devoted to the training. In
general, however, you will probably begin to train
a person to act as messenger. Then before the
trainee is assigned to any actual duty, of course,
the trainee should be introduced to the
engineroom and become familiar with the loca-
tion of al machinery, equipment, piping, and
valves. The trainee must also be instructed in cer-
tain basic safety precautions and be specifically
warned about the dangers of turning valve wheels
or tampering with machinery. “IF IN DOUBT,
ASK QUESTIONS!” is apretty good rule for any
new person in the engineroom to follow.

A person ready to be trained in the duties of
messenger should be shown al the gages that are
in use, told about what the gages indicate and
shown how to take readings. The reason why the
readings are important should be explained. The
trainee should understand exactly how often each
gage must be read and how to make accurate
entries in the engineroom log. When you are sure
the trainee understands everything about
gages, teach the trainee how to check lube oil
levels and how to clean metal edge type filters and
basket-type strainers.

For awhile you will have to keep a close watch
on the trainee’s performance of these duties.
When the trainee becomes proficient in the duties
of messenger, start the training in throttleman’s
duties, First, let the trainee observe the throt-
tleman. Then, if conditions permit, let the trainee
start and secure machinery.

As far as manual skills are concerned, the
throttleman’s job is probably easier than the
messenger’s job. But the throttle watch requires
the utmost vigilance and reliability, and a new per-
son will have alot to learn before being trusted
to stand the throttle watch alone. Personnel
should always be started out under the supervi-
sion of an experienced throttleman, and should
remain under this supervision until the petty
officer in charge of the engineroom is fully
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satisfied that the trainee is completely qualified
for this duty.

In training engineroom personnel who have
not had previous engineroom experience,
remember than an engineroom can be a com-
plicated and confusing place to someone who
walks into it for the first time. A lot of equip-
ment is crammed into a small space, and a lot of
complex actions are going on at once. When train-
ing new personnel, try to think back to the time
when you first went into an engineroom. What
aspects of engineroom operations were most con-
fusing to you at first? What kind of training
would have made your learning easier and faster?
By analyzing your own early experience and reac-
tions, you get a bearing on what a new person may
be experiencing and you may be able to provide
more effective training.

When you are training new personnel,
remember that they vary widely in their methods
of learning and in their rates of learning. Some
people will learn most effectively if you give them
an overal view of main engine operations,
including a certain amount of theory, before
going into the details of the hardware and the
manual operations. Others will learn most effec-
tively if they are taught some manual skills before
getting too much involved with theory. Some
people learn manua skills rapidly but take a long
time to absorb the theory; for others, the reverse
is true. And, of course, some people learn
everything slowly. Some trainees benefit from pa-
tient, almost endless repetition of information;
others may become bored and restlessif you go
over the same point just once too often. The
important thing to remember is that your train-
ing efforts will be most successful if you are able
to observe and alow for the individual differences
that are bound to exist. Closely related to this
point is another: Don’t make snap judgments
about people’s abilities until they have had a
chance to DEMONSTRATE them. You may turn
out to be very wrong if you make snap judgments
on the basis of a genera impression, such as
appearance, or the rate at which they learn when
they first come into the engineroom.

When training personnel who have already
had some engineroom experience but who have
been on some other type ship, you may find that
a certain amount of retraining is needed before
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the individual can qualify as an engineroom
watchstander on your ship. No two enginerooms
are precisaly dikein al details, and no two main
engines that appear to be identical behave in
precisely the same way under al conditions. Each
engine has its own individuality, and operating
personnel must adjust to the engine in order to
obtain the best results. Practically al Enginemen
learn this sooner or later; you can speed up the
learning process by encouraging engineroom per-
sonnel to notice and to discuss differences between
engines.

Because of the necessity for strict observance
of safety precautions, all engineroom operational
training must be rigidly controlled and supervised.
On-the-job training is necessary if an individua
is to acquire the actual skills needed for main
engine operation; however, the person must not
be allowed to learn by trial and error, since er-
rors could be too dangerous and too costly. Safety
precautions should be taught from the very begin-
ning and should be emphasized constantly
throughout the training program.

TRAINING PROGRAMS

As an EN1 or ENC you are required to
establish or maintain a training program for your
work center personnel. In this program you are
required to teach the proper methods of equip-
ment operation, repair, and safety. You should
use al the materials available to you including
teaching aids (manufacturer’s technical manuals,
instructions, or rate training manuals). In addi-
tion, you should know what schools are available
to your workers and should try to get quotas for
them (i.e, EN “A” or “C’, or A/IC&R).

In recent years, one of the best ways to check
on how well personnel retain the information be-
ing taught in your training program has been the
use of the Personnel Qualification Standard

PQS).

A PQSisawritten list of knowledge and skills
that are required to qualify for a specific watch-
station, maintain a specific equipment or system,
or perform as a team member within an assigned
unit. The PQS program is a method for qualify-
ing personnel to perform their assigned duties.
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Most Standards are divided into four sections:
Fundamentals, Systems, Watchstations, and a
Qualification Card. The Fundamentals section
contains the facts, principles, and fundamentals
concerning the subject for which a person is quali-
fying. The Systems section deals with the major
working parts of the installation, organization,
or equipment with which the PQS is concerned.
The Watchstation section defines the actual
duties, assignments, and responsibilities needed
for qualification. The Qualification Card has
guestions that match those in the Watchstation
section and provides a space for the supervisor's
or the qualifying officer’s signature.

Not only your work center personnel must
qualify under PQS but also you must qualify on
al equipment under your control, in addition to
the Maintenance and Material Management (3-M)
System, and Genera Damage Control. Let’s look
at one of the requirements for an EN1 or ENC
under PQS and the Engineman Occupational
Standards, NAVPERS 18068-D. The requirement
calls for you to supervise a damage control
party. As an engineer you will probably be
assigned to Repair 5 (propulsion repair) for a
general quarters station. Repair 5 usually has an
engineering department officer or the chief petty
officer in charge. The damage control party you
must supervise is composed of an electrical
officer (or senior Electrician’s Mate) and a broad
cross section of engineering ratings. Emphasis on
assignment of personnel to Repair 5 is placed on
fireroom and engineroom takeover qualifications
rather than damage control qualifications. On
larger ships, Repair 5 may be split. Each half of
the party is assigned one-haf of the engineering
plant so that maximum use of manpower and
equipment, and greater dispersal of personnel may
be realized. Each section of the repair party is
assigned sufficiently qualified engineering casualty
control and damage control personnel.

Although your main function is for
engineroom and fireroom takeover, your repair
party must still be able to function as a damage
control repair party if the need arises. Being the
leader, you must be familiar with all the equip-
ment used and the function of each. Y ou must
train your personnel in the use of the equipment
and the functions of a repair party. Following is
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alist of functions which are common to al repair
parties:

1. Each party must be capable of making
repairs to electrical and sound-powered telephone
circuits.

2. Each party must be capable of giving first
aid and transporting injured personnel to battle
dressing stations without seriously reducing the
damage control capabilities of the repair party.

3. Each party must be capable of detecting,
identifying, and measuring dose and dose-rate
intensities from radiological involvement, and of
surveying and decontaminating contaminated per-
sonnel and areas, except where specifically as-
signed to another department as in the case of
nuclear weapons accident/incident.

4. Each party must be capable of sampling
and/or identifying biological or chemical agents,
and of decontaminating areas and personnel
affected as aresult of biological or chemical at-
tack, except where this responsibility is assigned
to the medical department.

5. Each party must be capable of controlling
and extinguishing all types of fires.

6. Each party must be organized to evaluate
and report correctly the extent of damage in its
area. Thiswill include maintaining:

eDeck plans showing locations of NBC con-
tamination, battle dressing and personnel clean-
ing stations, and safe routes to them.

® A casualty board for visual display of
structural damage.

e A graphic display board showing damage
and action taken to correct disrupted or
damaged systems. The use of standard control
symbology and the accompanying preprinted
message format are recommended to facilitate
recording transmitted damage control informa-
tion. Use the standard control symbology shown
in[figure 2-17]to read the message format in[figure
[2-18. In reading this message you should have
come up with the following information: An
8-inch hole, 4 feet up from the deck at frame 38,
starboard side of compartment 2-35-0-L.
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Some of the specific functions for which
Repair 5 isresponsible in its own assigned area
are listed below:

1. Maintenance of stability and buoyancy—
members of the repair party must be:

a. Stationed so that they can reach all
parts of their assigned area with a minimum open-
ing of watertight closures.

b. Able to repair damage to structures,
closures, or fittings that are designed to maintain
watertight integrity, by shoring, plugging,
welding, caulking the bulkheads and decks, reset-
ting valves, and blanking or plugging lines through
watertight subdivisions of the ship.

c. Be prepared to sound, drain, pump,
counterflood, or shift liquids in tanks, voids, or
other compartments; and be thoroughly familiar
with the location and use of all equipment and
methods of action.

d. Maintain two status boards for accurate
evaluation of underwater damage: the Stability
Status Board (Flooding Effects Diagram) to be
used for visual display of all flooding, flooding
boundaries, corrective measures taken, and effects
on list and trim; the Liquid Load Status Board
to show the current status of all fuel and water
tanks and the soundings of each tank in feet and
inches.

2. Maintenance of ship’s propulsion—the per-
sonnel in the repair party must be able to:

a. Maintain, make repairs, or isolate
damage to main propulsion machinery and
boilers.

b. Operate, repair, isolate, and modify the
segregation of vital systems.

C. Assist in the operation and repair of the
steering control systems.

d. Assist in the maintenance and repair of
communications systems.

e. Assist Repairs 1, 2, 3, and 4 and the
crash and salvage team when required.
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Figure 2-17.—Navy Standard Damage Control Symbology.
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Figure 2-17—Navy Standard Damage Control Symbology—Continued.
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Figure 2-17.—Navy Standard Damage Control Symbology—Continued.

Engineering Operational
Sequencing System

To help make the job of supervision and train-
ing easier and more effective, and enhance the
operational capability of shipboard engineering
personnel, the Navy has developed a system
known as the Engineering Operational Sequenc-
ing System (EOSS). Essentially, the EOSS is to
the operator what the PM S is to the maintainer.

OPERATIONAL PROBLEMS.—The main
propulsion plants in the ships of the modern day
Navy are becoming more technically complex as
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each class of ship is built and joins the fleet.
Increased complexity requires increased engineer-
ing skills for proper operation. Ships that lack the
required experienced personnel have had material
casualties which jeopardized their operational
readiness. In addition, the rapid turnover of the
engineering personnel who man and operate the
ships further compounds the problem of develop-
ing and maintaining a high level of operator and
operating efficiency.

The Navy has been increasingly aware of these
problems and has undertaken studies to evaluate
the methods and procedures presently used in
operating complex engineering plants. The results
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Figure 2-18.1—Preprinted message format.

of these studies have shown that in many instances
sound operating techniques were not followed.
Some of the circumstances found to be prevail-
ing in engineering plants are described below:

e The information needed by the watch-
stander was usually scattered throughout publica
tions which were generally not readily available.

® The bulk of the publications were not
systems oriented. Reporting engineering person-
nel had to learn specific operating procedures
from “old hands’ presently assigned. Such prac-
tices could ultimately lead to misinformation or
degradation of the transferred information. They
were costly and resulted in non-standard operating

procedures not only between adjoining spaces but
also between watch sections within the same
space.

® The posted operating instructions often do
not apply to the installed egquipment. They were
conflicting or incorrect. No procedures were pro-
vided for aligning the various systems with other
systems.

@ The light-off and securing schedules were
prepared by each ship and were not standardized
between ships. The schedules were written for
general, rather than specific, equipment or system
values and did not include shifts between al the
existing modes of operation.

Following these studies, NAVSEA developed
the EOSS, designed to help eliminate operational
problems. EOSS involves the participation of all
personnel from the department head to the watch-
stander on watch. The EOSS consists of a set of
systematic and detailed written procedures which
utilize charts, instructions, and diagrams
developed specifically for the operational and
casualty control function of a specific ship’s
engineering plant and configuration.

EOSS is designed to improve the operational
readiness of the ship’s engineering plant by
increasing its operational efficiency, providing
better engineering-plant control, reducing opera-
tional casualties, and extending the equipment
life. These objectives are accomplished by first
defining the levels of control and operating within
the engineering plant and then providing each
supervisor and operator with the information
needed—in words they could understand—at their
watch station.

The EOSS is comprised of three basic parts:

® The User's Guide

e The Engineering Operational Procedures
(EOP)

@ The Engineering Operational Casualty
Control (EOCC)

EOSS USER’S GUIDE.—The User’'s Guide
is a booklet which explains the EOSS package and
how it is used to the ship’s best advantage. It
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contains document samples and explains how they
are used. It provides recommendations for
introducing the EOSS system and the methods for
training the ship’s personnel in utilizing the pro-
cedures set forth in this system.

EOSS documentation is developed using
work-study techniques. All existing methods and
procedures for plant operation and casualty con-
trol procedures are documented, including the
actual ship procedures as well as those procedures
contained in avail able reference sources.

Each action taken is subjected to a critical
examination to evaluate the adequacy of the
present procedures. At the completion of this
anaysis phase new procedural steps are developed
into an operational sequencing system, and
step-by-step time-sequenced procedures and con-
figuration diagrams are prepared to show the
plant layout in relation to operational com-
ponents. The final step in the development phase
of an EOSS is a validation on board ship check
conducted to ensure technical accuracy and ade-
guacy of the prepared sequencing system. All
required corrections are made and then incor-
porated into the package before installation
aboard ship.

The resulting sequencing system provides the
best tailored operating and engineering opera-
tional casualty control procedures available per-
taining to a particular ship’s propulsion plant.
Each level is provided with the information re-
quired to enable the engineering plant to respond
to any demands placed upon it.

ENGINEERING OPERATIONAL PRO-
CEDURES (EOP).—The operational portion of
the EOSS contains al the information necessary
for the proper operation of a ship’s engineering
plant. It also contains guides for scheduling, con-
trolling, and directing plant evolutions through
operational modes from receiving shore services,
to various modes of inport auxiliary plant steam-
ing, to underway steaming.

The EOP documentation is prepared for
specifically defined operational stages. These are
defined as Stages I, I, and I1I.
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Stage | is considered as the total engineering
plant level under the direct cognizance of the plant
supervisor (EOOW). The officer coordinates the
placing in operation and securing of all systems
and components normally controlled by the
various space supervisors. The EOOW also super-
vises those functions which affect conditions ex-
ternal to the engineering plant such as jacking,
testing, and spinning main engines. The EOP
documentation assists you, the plant supervisor,
in ensuring optimum plant operating efficiency,
properly sequencing of events in each operational
evolution, and the training of newly assigned per-
sonnel. During a plant evolution, you will con-
trol and designate the operation of the following
systems and components:

@ Systems that interconnect one or more
engineering plant machinery spaces and the elec-
trical system.

® Major components such as boilers, main
engines, and electrical generators.

@ Systems and components required to sup-
port the engineering plant or other ship functions
such as distilling plants, air compressors, steam
system to catapults, and thrust blocks which are
placed in operation or secured in response to
demand upon their services.

To assist you the plant supervisor with these
operations, the EOP section provides you with the
following documents:

@ Index pages listing each document in the
Stage | station book by identification number and
title.

e Plant procedure charts|(figure 2-19)|pro-
viding step-by-step procedures for each engineer-
ing plant evolution. (NOTE: At the time this
publication was prepared for printing, EOSS
diagrams illustrating specific equipment for which
the Engineman is responsible were not available;
the example used, in this section, however, il-
lustrates the types of EOSS diagrams used
regardless of equipment .)
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Figure 2-19..—Sample plant procedure Chart.

® Plant status boards|(figure 2-20)| providing current plot of systems alignment and equipment
a systematic display of the magor systems and operating status.
cross-connect valves as well as a graphic presen-
tation of the major equipment in each machinery e A diagram for plant steaming conditions
space. These boards are used to maintain a versus optimum generator combinations
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Figure 2-20.—Sample Plant Status Diagram.

delineating the preferred electric power generator
combinations for the various plant operating con-
ditions. This diagram is also provided in the Stage
Il electrical documentation.

o System alignment diagrams [(figure 2-21)
delineating the preferred initial and final align-
ment for each engineering plant.
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SIMPLIFIED SCHE-
MATIC OF MAJOR
PLANT SYSTEMS
SHOWING CROSS-
CONNECT VALVES.
VALVES ARE
NUMBERED AS
APPLICABLE TO A
SPECIFIC SHIP.
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® A diagram for equipment versus speed
requirement delineating the equipment normally
required for various ship speeds.

e A diagram for shore services connection
locations delineating the location of shore service
connections for steam, electrical power, feed-
water, potable water, and saltwater, and fuel oil.
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Figure 2-21..—Sample preferred alignment diagrams.

e Training diagrams delineating
each major piping system to aid in plant
familiarization and training of newly assigned per-
sonnel. These diagrams indicate the relative loca
tions of lines, valves, and equipment.

Stage |1 is considered as the system compo-
nent level supervised by the space supervisor in
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each engineroom and fireroom, and the electrical
plant supervisor (electrical load dispatcher). In
Stage 1, the space supervisor accomplishes the
tasks delegated by the plant supervisor. The EOP
documentation assists the space supervisor in
properly sequencing the events, controlling the
operation of equipment within the machinery
space or electric-power complex in maintaining
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Figure 2-22.1—Sample Training Diagrams.
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an up-to-date status of the operational condition
of the assumed equipment assigned and in train-
ing newly assigned personnel. To assist the space
supervisor in this effort, the EOP section provides
the following Stage Il documents:

@ Index pages listing each document by
identification number and title for each specified
operating group such as engineroom, fireroom,
electrical, etc.

@ Space procedure charts (similar to the plant
procedure chart) providing the step-by-step pro-
cedure to be accomplished within a space to satisfy
and support the requirements of the plant pro-
cedure charts.

@ Space status board providing a schematic
of mgor systems and a tabular listing of the
major equipment within the individual machinery
spaces for maintaining a plot of systems
alignments and equipment operating status. This
board is similar in configuration to that provided

for the Stage | documentation

e Diagram for Electrical Plant Status (DLS)
delineating generators, switchboards, and shore-
power connections within the electrical distribu-
tion systems. The DLS is provided in both the
electrical operating group and in the Stage |
(EOOW) documentation for maintaining a plot
of the system alignment.

e Diagram for plant steaming conditions ver-
sus optimum generator combinations provided in
the electrical operating group documentation
delineating the preferred electric power generator
combination. This diagram is the same as that
provided in the Stage | documentation.

e Training diagrams of each major piping
system developed for Stage I, plus diagrams of
such systems as fuel-oil service, and main engine
lube oil that are normally located within the
machinery spaces.

Stage 111 is considered as the system compo-
nent level attended by the component operators.
The component operators place equipment in and
out of operation, align systems, and monitor and
control their operation by manipulating the
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required valves, switches, and controllers. Stage
[11 documents include:

@ Index pages listing each document by iden-
tification number and title for each specified
system such as fuel-oil service system, lube ail
service system, etc.

e Component procedure cards providing
step-by-step procedures for systems alignment or
component operation.

e Component procedure cards as required to
support each operation or alignment.

® Alignment diagrams ampli-
fying the written procedure to assist the
component operator in proper systems alignment.
Alignment diagrams are provided whenever two

or more alignment conditions exist for a given
system or component.

The operationa use of EOP documentation
is of primary importance at all levels in con-
trolling, supervising, and operating the evolutional
functions of the engineering plant.

ENGINEERING OPERATIONAL
CASUALTY CONTROL (EOCC).—The casu-
alty control portion of EOSS contains informa-
tion relative to the recognition of casualty
symptoms and their probable causes and effects.
In addition, it contains information on preven-
tive action to be taken to preclude a casualty and
on procedures for controlling single and multi-
ple source casualties.

Casualty prevention must be the concern of
everyone on board. Proper training of al person-
nel must provide for adequate knowledge and
experience in effective casuaty prevention. The
EOCC manua contains efficient, technically cor-
rect casualty control and prevention procedures
which relate to all phases of an engineering plant.
The EOCC documents elaborate on possible
casualties caused by error, material failure, and
battle. The EOCC manual describes tried and
proven methods for the control of a casualty and
prevention of further damage to the component,
the system, or the engineering plant concerned.
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DESCRIPTION OF SPECIFIC DIAGRAM.
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Figure 2-23:—Sample Component/System Alignment Diagram.

The EOCC manuals are available to the per-
sonnel in their own machinery space so that they
can be used as a means of self-indoctrination for
newly assigned personnel and as an instrument
with which to improve casualty control procedure
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techniques for all watchstanders. The manual con-
tains the documentation required to effectively
assist engineering personnel in developing and
maintaining maximum proficiency in controlling
casualties to the ship’s propulsion plant.
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Proficiency in EOCC procedures is maintained
through a well-administered training program.
Primary training concentrates on controlling
single-source casualties—those which may be
attributed to the failure or malfunction of asingle
component or the failure of piping at a specific
point in a system. Advanced training concentrates
on controlling multiple casualties or on conduct-
ing a battle problem. An effective and well-
administered EOOW training program must
contain, as a minimum, the following elements:

@ Recognition of the symptoms.
e Probable causes.
e Probable effects.

e Preventive actions that may be taken to
reduce, eliminate, or control casualties.

An EOSS package is not intended to be forgot-
ten once it is developed and installed aboard a
ship. It offers many advantages to the ship’s
operational readiness capabilities, providing
detailed step-by-step sequencing of events for al
phases of the engineering-plant operation. Its pro-
cedures are tailored to each specific ship and
are prepared for each level of management and
operation. Because it is work-studied and system-
oriented, the EOSS provides the basic informa-
tion for the optimum utilization of equipment and
systems by specifying correct procedures tailored
for a specific plant configuration.

The EOSS is not intended to eliminate the
need for skilled plant operators. No program or
system can achieve such agoal. The EOSSisa
tool for better utilization of manpower and skills
available. Although the EOSS is an excellent tool
for shipboard training of personnel, it is primarily
a working system for scheduling, controlling, and
directing plant operations and casualty-control
procedures.

OPERATING INSTRUCTIONS
AND SAFETY PRECAUTIONS

A master list of all the engineering department
operating instructions and safety precautionsis
kept in the log room. When a ship is commis-
sioned, the building yard normally provides a

master copy of this list, in addition to posting the
individual operating instructions and safety
precautions throughout the engineering spaces. If
any of the posted operating instructions and safety
precautions are damaged or lost, a duplicate copy
can be readily made up from the master list.

For ships in commission and in service, plastic
laminated operating instructions and safety
precautions are available; they are listed in the
Navy Stock List of Forms and Publications,
NAV SUP Publication 2002.

INSPECTIONS AND TRIALS

A naval ship must be inspected from time to
time to ensure that its operation, administration,
and equipment reflect a high standard of readiness
for war. The frequency with which the various
types of inspections are held are determined by
the CNO, the fleet commander, and the type com-
mander. As far as the ship is concerned, the type
commander usually designates the type of inspec-
tion and when it will be held.

A ship is frequently notified some time in
advance when an inspection will take place, but
preparation for an inspection should not be
postponed until the notice of inspection is re-
ceived. It is a mistake to think that a poorly
administered division or department can, by a
sudden burst of energy, be prepared to meet the
inspector’s eagle eye. By using proper procedures,
and keeping up to date on such items as repair
work, maintenance work, operating procedures,
training of personnel, engineering casualty con-
trol drills, maintenance records and reports, you
will always be ready for an inspection.

Since your ship may be required to furnish an
inspecting party to make an inspection on another
ship, you as a CPO or PO1 may be assigned the
duty as an assistant inspector. Therefore, you
should know something about the different types
of inspections and how they are conducted.

ADMINISTRATIVE INSPECTION

Administrative inspections cover
administrative methods and procedures normally
employed by the ship. Each inspection is divided
into two general categories—the general
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administration of the ship as a whole, and the
administration of each department. In this discus-
sion we will consider the engineering department
only.

The purpose of the administrative inspection
is to determine whether or not (1) the department
is being administered in an intelligent, sound, and
efficient manner; and (2) the organizational and
administrative methods and procedures are
directed toward the objective of every naval
ship-namely, being prepared to carry out its
intended mission.

Inspecting Party

It isaroutine procedure for one ship to con-
duct an inspection of a similar division on another
ship. General instructions for conducting the
inspection are usualy given by the division com-
mander; however, the selecting and organizing of
the inspecting party is done aboard the ship that
must conduct the inspection.

The chief inspector, usually the commanding
officer of the ship, will organize the assisting
board. The organization of the assisting board,
in general conformance with the departmental
organization of the ship, is divided into ap-
propriate groups, each headed by an inspector
with as many assistant inspectors as necessary.
Chief petty officers and petty officersfirst class
may be assigned as assistant inspectors.

The engineering department inspecting group
(or party) is organized and supervised by the
engineer officer. The manner in which an
individual inspection is carried out depends to a
great extent upon the knowledge and ability of
the members of the group (or party).

General Inspection of
the Ship asa Whole

One of the two categories of administrative
inspection is the general administration of the ship
as awhole. Items of this inspection that will have
adirect bearing on the engineering department,
and for which the report of inspection indicates
agrade, are as follows:

1. Appearance, bearing, and smartness of
personnel.
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2. Cleanliness, sanitation, smartness, and ap-
pearance of the ship as a whole.

3. Adequacy and condition of clothing and
equipment of personnel.

4. Generd knowledge of personnel in regard
to the ship’s organization, ship’s orders, and ad-
ministrative procedures.

5. Dissemination of al necessary information
among the personnel.

6. Indoctrination of newly reported
personnel.

7. General education facilities for individuals.

8. Comfort and conveniences of living spaces,
including adequacy of light, heat, ventilation, and
freshwater.

9. Economy of resources.

Engineering Department Inspection

The engineering department administrative
inspection is primarily the inspection of the
engineering department paper work, which
includes publications, hills, files, books, records,
and logs. Additionally, this inspection includes
other items with which the chief and first class
must be concerned. Some of these items are the
cleanliness and preservation of machinery and
engineering spaces; the training of personnel; the
assignment of personnel to watches and duties;
the proper posting of operating instructions and
safety precautions; the adequacy of warning signs
and guards; the marking and labeling of lines and
valves, and the proper maintenance of operating
logs.

Administrative Inspection
Checkoff Lists

Administrative inspection checkoff lists are
usually furnished to the ships by the type
commander. These lists are used as an aid for
inspecting officers and chiefs, to assist them in
ensuring that no important item is overlooked.
However, inspecting personnel should not accept
these lists as being all-inclusive, since usually
during an inspection, additional items develop
that must be considered or observed.

As a petty officer, you should be familiar with
the various checkoff lists used for inspections.



Chapter 2—ADMINISTRATION, SUPERVISION, AND TRAINING

These checkoff lists will give you a good
understanding of how to prepare for an inspec-
tion as well as how to carry out your daily super-
visory duties. You will find it helpful to obtain
copies of the various inspection checkoff lists
from the log room and to carefully look them
over. They will give detailed information about
what type of inspection you may expect for your
type of ship.

Following is an abbreviated sample of an
engineering department checkoff list. You should
get a better understanding of the scope and pur-
pose of administrative inspections by reviewing
this list.

1. BILLSFOR BOTH PEACE AND WAR:

a. Inspect the following, among others,
for completeness, correctness, and adequacy:

(1) Department Organization.

(2) Watch, Quarter, and Station Bills.
(3) Engineering Casualty Bill.

(4) Fueling Bill.

2. ADMINISTRATION AND EFFEC-
TIVENESS OF TRAINING:

a. Administration and effectiveness of
training of personnel for current and prospective
duties.

(1) Are sufficient nonrated personnel
in training to replace anticipated |osses?

(2) NAVEDTRA training courses:
(2) Number of personnel enrolled.

(b) Percentage of personnel in
department enrolled.

(c) Number of personnel whose
courses are completed.

(3) Are personnel concerned familiar
with operating instructions and safety precau-
tions? (Question personnel at random.)
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(4) Are personnel concerned properly
instructed and trained to handle casualties to
machinery?

(5) Are personnel properly instructed
and trained in damage control?

(6) Are training films available and
used to the maximum extent?

(7) Are training records of personnel
adequate and properly maintained?

3. DISSEMINATION OF INFORMATION
WITHIN DEPARTMENT:

a. |s necessary information disseminated
within the department and divisions?

b. Are the means of familiarizing new per-
sonnel with department routine orders and regula-
tions considered satisfactory?

4. ASSIGNMENT OF PERSONNEL TO
STATIONS AND WATCHES:

a. Are personnel properly assigned to bat-
tle stations and watches?

b. Are sufficient personnel aboard at all
times to get the ship under way?

c. Are personnel examined and qualified
for important watches?

d. Does it appear that personnel on watch
have been properly instructed? (Question person-
nel at random.)

5. OPERATING INSTRUCTIONS,
SAFETY PRECAUTIONS, PMS, AND
CHECKOFF LISTS:

a. Inspect completeness of the following:

(1) Operating instructions posted near
machinery.

(2) Posting of necessary safety
precautions.
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b. Are PMS schedules properly posted and
maintained in the working spaces?

C. Isthe Master PMS Schedule posted and
up to date?

d. Are responsible personnel familiar with
current instructions regarding routine testing and
Inspections?

e. Are lighting-off and securing sheets
properly used?

6. PROCEDURES FOR PROCUREMENT,
ACCOUNTING, INVENTORY, AND
ECONOMY IN USE OF CONSUMABLE SUP-
PLIES, REPAIR PARTS, AND EQUIPAGE:

a. Is an adequate procedure in use for
replacement of repair parts?

b. Are there adequate measures used to
prevent excessive waste of consumable supplies?

C. Is there proper supervision in the
proper supply of, care of, and accountability for
handtools?

d. Are inventories taken of repair parts
which are in the custody of the engineering
department?

e. How well are repair parts preserved and
stowed?

f. What type of system is used to locate
arepair part carried on board? (Have a chief or
first class petty officer explain to you how arepair
part for a certain piece of machinery is obtained.)

0. Are custody cards properly maintained
for accountable tools and equipment?

7. MAINTENANCE OF RECORDS AND
LOGS:

a. Inspect the following for compliance
with pertinent directives, completeness, and
proper form:

(1) Engineering Log.

2-42

(2) Bell Book.
(3)
)

(4 Maintenance Records.

Operating Records.

(5) Alteration and Improvement

Program.

(6) Daily Oil and Water Records.

(7) Engineering Reports.

(8) Training Logs and Records.

(9) Work Books for Engineering
Spaces.

8. AVAILABILITY AND CORRECTNESS
OF PUBLICATIONS, DIRECTIVES, AND
TECHNICAL REFERENCE MATERIAL:

a. Engineering Blueprints Recommended:
(2) Ship’s Plan Index (SPI).

(2) Proper indexing of blueprints.
(3) Completeness and condition.
Manufacturers' Instruction Books:
(1) Proper indexing.

(2) Completeness and condition.
Type Commanders Material Letters.
NAVSEA Technical Manual.

Genera Information Book.

- o O

Booklet Plans of Machinery.
9. CLEANLINESS AND PRESERVATION:

a. Preservation and cleanliness of space
(including bilges.)

b. Preservation and cleanliness of
machinery and equipment.

c. Neatness of stowage.
d. Condition of ventilation.
e. Condition of lighting.

f. Compliance with standard painting
instructions.
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OPERATIONAL READINESS
INSPECTION

The operational readiness inspection is con-
ducted to ensure that the ship is ready and able
to perform the operations which might be required
of it in time of war.

This inspection consists of the conduct of a
battle problem and of other operational exercises.
A great deal of emphasis is placed on AA and sur-
face gunnery, damage control, engineering casu-
alty control, and other appropriate exercises.
Various drills are held and observed, and the ship
is operated at full power for abrief period of time.

The overall criteria of performance include:

1. Can the ship as a whole carry out her opera-
tional functions?

2. Isthe ship’s company well trained, well in-
structed, competent, and skillful in al phases of
the evolutions?

3. Is the ship’s company stationed in accord-
ance with the ship’s Battle Bill, and does the Battle
Bill meet wartime requirements?

Observing Party

The personnel and organization of the opera-
tional readiness observing party are similar to
those of the administrative inspection party.
However, more personnel are usually required for
the operational readiness observing party. These
additional personnel are very often chiefs and first
class petty officers.

The observing party members are briefed in
advance of the scheduled exercises and about the
drills that are to be conducted. They must have
sufficient training and experience so that they can
properly evaluate the exercises and drills that are
to be held. Each observer is usualy assigned to
a specific station, and should be well qudified in
the procedure of conducting drills and exercises
for that station. That each observer be familiar
with the type of ship to be inspected is also highly
desirable.
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Battle Problems

In this discussion we will consider the battle
problem from the viewpoint of the observer, and
present some general information on the
requirements and duties of a member of the
engineering department observing party. The
knowledge of the viewpoint and duties of an
observer should help you prepare yourself and
your personnel for a battle problem and other
appropriate exercises.

PREPARATION OF A BATTLE
PROBLEM.—The degree of perfection achieved
in any battle problem is reflected in the skills and
applications of those who prepare it. A great dedl
depends upon the experience of officers and chief
petty officers.

The primary purpose of a shipboard battle
problem is to provide a medium for testing and
evaluating the ability of al divisions of the
engineering department to function together as
ateam in simulated combat operations.

Battle problems are the most profitable and
significant of all peacetime training experience,
since they demonstrate a department’s readiness
for combat. The degree of realism of this test
determines their value: the more nearly it approx-
imates actual battle conditions, the more valuable
itis.

Another element in the conduct of a battle
problem which significantly increases the value
of these tests to the ship’s company is the element
of surprise.

CONDUCT OF A BATTLE PROBLEM.—
Before a battle problem is to be conducted, the
ship is furnished specific information such as that
listed below:

1. Authority for conducting the inspection.

2. Time of boarding of the inspecting party.

3. Time the ship is to get underway.

4. Time for setting the first material readiness
condition.

5. Time for conducting the inspection to zero
problem time conditions.

6. Zero problem time.

7. End of problem time.

8. Time of critique.
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Observers must be proficient in the proper
methods of introduction of information. In
general, when practical, the information delivered
to ship’s personnel should be verbal, and should
contain only that information which would help
the ship’s personnel develop adequate procedures
for the search and investigation of the imposed
casualty. In the event the ship’s personnel fail to
locate the casualty, the observer may resort to
coaching, but a notation should be made on the
observer’'s form as to the time allowed before
coaching and information were furnished. Special
precautions should be taken to give the symptoms
of casualty the same degree of realism that they
would have if the casualty were actual rather than
simulated.

In order to impose casualties, valves may have
to be closed, switches opened, or machinery
stopped. In each case the observer should inform
responsible ship’s personnel of the action desired,
and the ship’s personnel should operate the
designated equipment. A casualty should be
simulated, or omitted entirely, if there is danger
that personnel injury or material damage might
result because of lack of preparation or the
experience of personnel. The supply of lubricating
oil to the main engines or the supply of feedwater
to the boilers MUST NOT be stopped to ssmulate
casualties.

An emergency procedure should be set up, by
the observing party and ship’s company, to
ensure proper action in case actual casualties—
as distinguished from simulated or problem
casuaties—should occur.

Although the general announcing system (the
IMC circuit) may be used by the ship, observers,
normally, have priority in its use. The problem
time announcer uses the general announcing
system to announce the start of the battle
problem, the problem time at regular intervals,
the conclusion of the problem, and the restora-
tion of casualties. The general announcing system
is kept available at al times for use in case of ac-
tual emergency. All other announcing system cir-
cuits and other means of interior communications
are reserved for the use of the ship.

Engineering telephone circuits should be
monitored by one or more observers. A check
should be made for proper procedure and circuit
discipline, and for the proper handling of infor-
mation or casualties.
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An inspection should be made to see that the
engineering plant is properly split in accordance
with current directives. Fire hazards such as paint,
rags, or oil, and missile hazards such as loose gear,
loose floor plates, tool boxes, and repair parts
boxes should be noted. The condition of
firefighting, damage control, and remote control
gear should be carefully inspected.

ANALYSIS OF THE BATTLE PROB-
LEM.—The maximum benefit obtained from
conducting a battle problem lies in pinpointing
existing weaknesses and deficiencies, and in the
resulting recommendations for improvement in
organization and training. Every effort should be
made by the observers to emphasize strong points
as well as deficiencies. Knowledge of existing
strong points is helpful to boost the morale of the
ship’s personnel.

Analysis of the battle problem affords the
observers an opportunity to present to the ship
their opinion of its performance, and for the ship
to comment on the observers' remarks as well as
to consider suggested improvements.

Analysisis conducted in two steps: the critique
and the observers' reports.

A critique of the battle problem is held on
board the observed ship before the observing
party leaves, in order that the problems and the
actions taken may be reviewed when they are fresh
in the minds of all concerned. The critique is
attended by all the ship’s officers, appropriate
chief and first class petty officers, the chief
observer, and all senior observers. The various
points of interest of the battle problem are dis-
cussed, and the chief observer comments on the
overall conduct of the problem after the senior
observers complete their analysis of the battle
problem as reported in their observers' reports.

The observers reports are prepared in the
form prescribed by the type commander, and
include any additional instructions given by the
chief observer. The reports of the observers are
collected by the senior observer for each depart-
ment and are submitted to the chief observer. All
observers reports are reviewed by the senior
observers before the critique is held.

The observers' reports provide the inspected
ship with detailed observations of the battle
problem which, because of time limitations, may



Chapter 2—ADMINISTRATION, SUPERVISION, AND TRAINING

not have been brought out during the critique. The
inspected ship receives a copy of all observers
reports; in this way, each department is given the
opportunity to review the comments and set up
atraining schedule to cover the weak points.

Following is a example of an engineering
observer’s report.

Engineering observer

1. The engineering department’s evaluation is
based on: (a) extent of the department’s prepara
tion and fulfillment of the ordered conditions of
readiness as appropriate to the problem, (b)
extent of correct utilization of the engineering
damage control features built into the ship, (c)
extent to which proper engineering casualty con-
trol is accomplished, (d) extent to which on sta-
tion personnel take corrective action for control
of damage, (€) adeguacy of reports and dissemina-
tion of information, and (f) the genera handling
of the plant in accordance with good engineering
practice, and the ability of the department to en-
sure maximum mobility and maneuverability of
the ship and to supply all necessary services to
other departments in fighting the ship.

Preparation and status of the plant.

Fulfillment of proper conditions of
readiness.

Fire and missile hazards.

Condition of firefighting and damage
control gear.

Condition of personnel clothing and
protection.

Stationing and readiness of personnel.

Investigation and interpretation of
casualty.

Promptness and effectiveness in taking
care of casualty.
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I.  Were proper doctrine and procedures
used?

Were prompting and additional infor-
mation given by observer?

k. Were proper reports made?
1. Readiness of standby units.

m. Readiness of alternate and emergency
lighting and power.

n. Were proper safety precautions ob-
served?
0. Materia deficiencies.

Coordination of personnel.

©

. Coordination of engineering spaces.

o)

3. Man engine control. Receipt of vital
interior communications, origination and
transmission of required reports to Conn, Damage
Control Central, and other stations.

4. Action taken by main engine control:

a. Correct action.

b. Sound judgment based on good

practice.
c. Assurance.
d. Speed.

5. Recommendations

The blank parts of the observers' report forms
are filled in as applicable to the individual
observer’s station. Items that were not observed
are either left blank or crossed out. Additional
information, if required for a certain exercise or
condition, may be written on the reverse side of
the form. A separate form or sheet is used for each
exercise or drill. Remarks or statements made by
the observer should be clear and legible.

MATERIAL INSPECTION

The purpose of material inspection is to deter-
mine the actual material condition of the ship. On
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the basis of what the inspection discloses, it may
be necessary to recommend repairs, alterations,
changes, or developments which will ensure the
material readiness of the ship to carry out the mis-
sion for which it was designed. In addition, the
material inspection determines whether or not
proper procedures are being carried out in the care
and operation of machinery and equipment.
Administrative procedures and material records
which are inspected include maintenance records
and routine tests, and inspections.

The requirements prescribed for material
readiness are as follows:

1. Established routines for the conduct of in-
spections and tests, schedule for preventive
maintenance, and a system which will ensure
timely and effective repairs.

2. Adequate material maintenance records,
kept in accordance with current directives that give
the history and detailed description of the condi-
tion of the machinery and the equipment.

3. Planned and effective utilization of the
ship’s facilities for preservation, maintenance, and
repair.

4. Correct alocation of necessary work to the
following categories. (@) the ship’s force, (b) the
tenders and repair ships, and (c) the nava
shipyards or other shore repair activity.

The scope of the material inspection is similar
to that of the inspection made by the Board of
Inspection and Survey. (These inspections are
discussed later in this chapter.) These inspections
should be thorough and searching, and cover, in
detail, maintenance and repair rather than genera
appearance. The distinction between ad-
ministrative inspections and materia inspections
should be readily recognized, and there should be
as little duplication as possible. Examination of
the material maintenance records and reports
should be made to determine the material condi-
tion of machinery and equipment. General ad-
ministrative methods, general appearance,
cleanliness of compartments, and cleanliness of
machinery are not part of this inspection, except
in cases where they have a direct bearing on
material condition.

The composition of the inspecting party for
the material inspection is similar to that of the
administrative. inspection party.
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Preparation for the
Material Inspection

At an appropriate time prior to the date of
the inspection, the chief inspector will furnish the
ship with advance instructions. These instructions
will include:

1. List of machinery and major equipment to
be opened for inspection. The limit that a unit
of machinery or equipment should be opened is
that which is necessary to reveal known or
probable defects. The units selected to be
opened should be representative and, in case of
a multiple-shaft ship, should not disable more
than one-half of the propulsion units. Proper con-
sideration must be given to the ship’s operational
schedule and safety.

2. List of equipment to be operated. Auxiliary
machinery such as the anchor windlass, winches,
and steering gear are normally placed on this list.

3. Copies of the condition sheets. These are
checkoff lists which are used for the material
inspection.

4. Any additional instructions considered
necessary by the type commander or other higher
authority.

Each department must prepare work lists
showing the items of work to be accomplished and
the recommended means for accomplishment
(shipyard, tender or repair ship, or ship’s force
during an overhaul or upkeep period.) The items
are arranged in the recommended order of impor-
tance and numbered. A list of the outstanding
aterations is a'so made up for the inspection.
Work lists usually consist of 5 by 8 cards, with
one repair or alteration item on each card. The
work list should include all maintenance and
repair items, because if material deficiencies are
found during the inspection they will be checked
against the work list. If the item does not appear
on the work list, a discrepancy in maintaining the
required records will be noted by the inspector.

CONDITION SHEETS.—Condition sheets
are made up in accordance with the needs of the
different material groups. The engineering depart-
ment is primarily concerned with the machinery,
the electrical, the damage control, and the hull
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condition sheets. Condition sheets contain
checkoff sheets and material data sheets, and con-
sist of alarge number of pages. Items for data
and checkoff purposes are listed for al parts of
the ship, and for all machinery and equipment on
board ship.

In advance of inspection, the ship to be
inspected must fill in a preliminary copy of the
condition sheets. In order to do this, detailed data
is obtained from the maintenance records and
reports.

An entry for any known fault or abnormal
condition of the machinery or equipment is made
in the proper place on the condition sheets. Details
and information are given, as necessary, to
indicate the material condition to the inspecting
party. If corrective work is required in connec-
tion with a unit or space, a reference is made to
the work list item. Data and information
requested in the condition sheets should be
furnished whenever possible. The preliminary
copy, if properly filled out, represents the best
estimate of the existing material condition of the
ship.

When the condition sheets have been com-
pleted, they are turned over to the respective
members of the inspecting party upon their
arrival on board ship. During the inspection, the
inspectors fill in the various checkoff sections of
the condition sheets. These sheets are then used
to prepare the final inspection report on the
condition of the ship.

For more detailed information concerning a
ship, you should obtain a copy of the applicable
condition sheets from the engineering log room.

OPENING MACHINERY FOR INSPEC-
TION.—The ship will open machinery as
previously directed by the chief inspector, in order
to obtain the inspector’s opinion concerning
known or probable defects. The information given
in Naval Ship’'s Technical Manual, chapter 090,
is used as a guide in opening particular machinery
units. More detailed information on opening
machinery for material inspectionsis found in the
administrative letters of the type commander.

A list of machinery, tanks, and major equip-
ment opened, and the extent of opening, should
be supplied to the inspecting party on its arrival.
Test reports on samples of lubricating oil should
be furnished to the machinery inspector.
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Ship’s company should have portable exten-
sion lights rigged up and in readiness for the units
of machinery opened up for inspection. The
lighting of the space should be in good order. The
inspectors should be furnished flashlights,
chipping hammers, file scrapers, and similar
items. Precision measuring instruments should be
readily available.

ASSEMBLY OF RECORDS AND
REPORTS.—The material inspection also
includes an inspection of various material records
and reports. These documents are assembled so
as to be readily available for inspection. Records
must be kept up to date at all times; it isagood
idea to check over all records to make sure that
they ARE up to date and that nothing has been
overlooked. The individual records should be
filled out and maintained in accordance with cur-
rent directives. Where applicable, the petty officer
in charge of an engineering space should check
all records or reports that concern the material
or the maintenance procedures of that space.

Conduct of the Inspection

The inspecting group for the engineering
department should conduct a critical and
thorough inspection of the machinery and equip-
ment under the cognizance of the department. The
condition sheets supplied by the type commander
serve as a guide and a checkoff list in making the
inspection. Appropriate remarks, comments, and
recommendations are entered on the condition
sheets for any particular unit of machinery or
equipment.

The ingpectors should conduct the inspection
together with the ship’s personnel. No attempt
must be made to follow a predetermined inspec-
tion schedule, but different units should be
inspected as they are made available by the ship’s
company. If the ship is prepared for the inspec-
tion, there should be no delay between the inspec-
tion of the different units of machinery. It is not
necessary that all machinery of one type be
inspected simultaneously nor is it necessary to
complete the inspection of one space before
going to another.
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Important items to be covered by the inspec-
tion are indicated below:

1. All opened machinery and equipment is
carefully inspected, especialy where the need of
repair work is indicated on the work list.

2. Investigations are made to locate any
defects, in addition to those already known, that
may exist in material condition or design.

3. Operational tests of machinery and equip-
ment conducted in accordance with the furnished
list.

4. Electrical equipment is not endangered by
saltwater from hatches, doors, or ventilation
outlets. Possible leaks in piping flanges are
checked.

5. Currently required firefighting and
damage control equipment in the engineering
gpace is installed and properly maintained in
accordance with current directives.

6. Supports and running gear of heavy
suspended material are inspected.

7. Hold-down bolts, plates, and other
members of machinery foundations are inspected.
Hammers may be used for sounding, and file
scrapers may be used for removing paint in order
to disclose any condition of metal corrosion.

8. Condition sheets are checked to see that
all the required information has been filled in by
the ship being inspected, and that al items have
been checked off and filled in by the inspector.

9. Routine tests of mechanical and electrical
safety devices are observed to ensure that they are
being conducted according to current directives.

10. Maintenance records and reports are care-
fully inspected to see that they are maintained in
accordance with prescribed procedures. A check
is made to ensure that all known repair re-
guirements are listed.

Analysis and Reports

A critique is held on board the inspected ship,
at a convenient time after the completion of the
material inspection, in order that the ship may
derive the greatest benefit from the inspection. It
is attended by the ship’s commanding and
executive officers, the heads of departments, the
chief inspector, and inspectors of each inspection
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group, and such other personnel as may be
designated from the inspected ship.

The inspectors, after receiving data from the
assistant inspectors, submit reports of their inspec-
tions to the chief inspector. These reports provide
the inspected ship with those observations that
may not be fully discussed during the critique but
are of interest to the ship’s officers concerned.
The inspector’ s reports include evaluations and
any recommendations for the items inspected or
observed. These reports are used by the ship as
checkoff lists for corrective action and material
improvement.

The chief inspector, after receiving the reports
from the inspectors, makes up a report on
evaluating and grading the inspection. The chief
inspector discusses, with appropriate comment,
the following items.

1. Those conditions requiring remedial action
which should be brought to the attention of the
commanding officer of the ship inspected, and to
higher authority.

2. Those conditions of such excellence that
their dissemination will be of value to other ships.

3. Those suggestions or recommendations
which merit consideration by higher authority.

The final smooth report is written up in a
detailed procedure in accordance with the type
commander’s directives.

BOARD OF INSPECTION
AND SURVEY INSPECTION

The Board of Inspection and Survey is under
the administration of CNO. This board consists
of aflag officer, as president, and of such other
senior officers as may be required to assist the
president in carrying out the duties of the board.
Regiona boards and sub-boards are established,
as necessary, to assist the Board of Inspection and
Survey in the performance of its duties. In this
discussion we will consider shipboard inspections
that are made by the sub-boards. These sub-
boards consist of the chief inspector and about
10 or more members, depending upon the type
of ship that is to be inspected.
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Material Inspections made
by the Board

The inspection made by the Board of Inspec-
tion and Survey isin several respects similar to
the material inspection that has just been dis-
cussed. In fact, the Board of Inspection and
Survey’s inspection procedures, condition sheets,
and reports are used as guidelines in establishing
directives for the material inspection. The primary
difference, in regard to material inspections, is
that the material inspection is conducted by Forces
Afloat, usually a sister ship, and the Board of
Inspection and Survey inspection is conducted by
a specially appointed board. This distinction,
however, refers only to routine shipboard material
inspection. It must be remembered that the Board
of Inspection and Survey conducts other types of
inspections.

Inspections of ships are conducted by the
Board of Inspection and Survey, when directed
by CNO, to determine their material condition.
Their inspection usually takes place 4 to 6 months
prior to regular overhaul. Whenever practicable,
such inspections are held sufficiently in advance
of aregular overhaul of the ship so as to include
in the overhaul al the work recommended by the
Board following the inspection. Upon the com-
pletion of its inspection, the Board reports the
general condition of the ship and its suitability
for further naval service, together with alist of
the repairs, alterations, and design changes which,
in its opinion, should be made.

Acceptance Trials and Inspections

Trials and inspections are conducted by the
Board of Inspection and Survey on al ships prior
to final acceptance for naval service, to determine
whether or not the contract and authorized
changes there to have been satisfactorily fulfilled.
The builder’s trials and acceptance trials are
usually conducted before a new ship is placed in
commission. After commissioning, afinal con-
tract trial is held. Similar inspections are made
on ships that have been converted to other types.
All material, performance, and design defects and
deficiencies found, either during the trials or as
aresult of examination at the completion of trials,
are reported by the Board, together with its
recommendations as to the responsibility for
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correction of defects and deficiencies. The Board
also recommends any changes in design which it
believes should be made on the ship itself or other
ships of its type. These recommendations are
made to the Secretary of the Navy.

Unless war circumstances prevent it, an
acceptance trial takes place at sea over an
established trial course. The tests include full
power runs ahead and astern, quick reverse, boiler
overload, steering, and anchor engine tests.
During thetrial, usually the builder’ s personnel
operate the ship and its machinery. Ship’s per-
sonnel who are on board to observe the trial
carefully inspect the operation and material con-
dition of machinery and equipment. They note
all defects or deficiencies and bring them to the
attention of the division or engineer officer, so
that each item can be discussed with the
appropriate members of the Board of Inspection
and Survey.

Survey of Ships

Survey of a ship is conducted by the Board
of Inspection and Survey whenever a ship is
deemed by CNO to be unfit for further service,
because of material condition or obsolescence.
The Board after a thorough inspection, renders
an opinion to the Secretary of the Navy as to
whether the ship isfit for further naval service,
or can be made so without excessive cost.

When the Board believes that the ship is
unfit for further naval service, the Board makes
appropriate recommendations as to the ship’s
disposition.

SHIP TRIALS

There are a number of different types of trials
which are carried out under specified conditions.
A list comprising most of them is given here:

1. Builder’strial.

. Acceptance trials.

. Final contract trials.

Post repair trias.

. Laying up or pre-overhaul trial.
Recommissioning trials.

. Standardization trials.

. Tactical trials.

. Full power trials.

10. Economy trials.

©CONOUTAWN
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The trials that are considered to be routine
ship’s trials are numbers 3, 9, and 10 of the above
list. Post repair, full power, and economy trials
are the only ones discussed in this chapter, but
information on the other types of trials can be
found in Naval Ships' Technical Manual, chapter
094.

Post Repair Trial

The post repair trial should be made whenever
the machinery of avessel has undergone exten-
sive overhaul, repair, or ateration which may
affect the power or capabilities of the ship or the
machinery. A post repair trial is usually made
when the ship has completed a routine naval
shipyard overhaul period; the trial is OPTIONAL
whenever machinery, has undergone only partial
overhaul or repair. The object of this trial isto
ascertain if the work has been satisfactorily com-
pleted and efficiently performed, and if al parts
of the machinery. are ready, for service.

The post repair trial should be held as soon
as practicable after the repair work has been com-
pleted, the preliminary dock trial made, and the
persons responsible for the work are satisfied that
the machinery isin all respects ready for a full
power trial. The conditions of the tria are
largely determined by the character of the work
that has been performed. The trial should be con-
ducted in such manner as the commanding officer
and commander of the shipyard may deem
necessary. In cases where repairs have been dlight
and the commanding officer is satisfied that they
are satisfactorily performed and can be tested
without a full power trial, such trial may be
dispensed with.

Any unsatisfactory, conditions found to be
beyond the capacity of the ship’s force should be
corrected by the naval shipyard. When necessary,
machinery should be opened up and carefully
inspected to determine the extent of any injury,
defect, or maladjustment which may have
appeared during the post trial.

A certain number of naval shipyard
personnel—technicians, inspectors, and
repairmen—accompany the ship on a post repair
trial. They check the operation of machinery that
has been overhauled by the yard. If a unit of
machinery does not operate properly, the yard
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technicians carefully inspect it to determine the
cause of unsatisfactory operation.

Full Power and Economy Trials

Trials are necessary to test engineering
readiness for war. Except while authorized to
disable or partially disable, ships are expected to
be able to conduct prescribed trials at any time.
Ships normally should be alowed approximately
a 2-week period after tender overhaul, and a
1-month period after shipyard overhaul, to per-
mit final checks, tests, and adjustments of
machinery before being called upon to conduct
competitive trials.

Trials are also held from time to time to deter-
mine machinery efficiency under service condi-
tions, the extent, if any, of repairs necessary, the
sufficiency of repairs, and the most economical
rate of performance under various conditions of
service.

INSPECTIONS AND TESTS PRIOR TO
TRIALS.—The full power and the economy
trias, as discussed in this chapter, are considered
in the nature of competitive trials. It is assumed
that the ship has been in full operational status
for sufficient time to be in a good material con-
dition and to have a well-trained crew.

Prior to the full power trial, inspections and
tests of machinery and equipment should be made
to ensure that no material item will interfere with
the successful operation of the ship at full power.
The extent of the inspections and the tests will
largely depend upon the recent performance of
the ship at high speeds, the material condition of
the ship, and the time limits imposed by opera-
tional commitments.

Not later than one day before a trial, the
engineer officer must report to the commanding
officer the condition of the machinery, stating
whether or not it is in proper condition and fit
to proceed with the trial.

GENERAL RULES FOR TRIALS—During
al full power trials, and during other machinery
trials, the following genera rules should be
observed:

1. Prior to commencing a power trial, the
machinery should be thoroughly warmed up; this
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can be accomplished by operating at a high frac-
tional power.

2. The speed of the engines should be gradu-
aly increased to the speed specified for the trial.

3. The machinery should be operated
economically, and designed pressures,
temperatures, and number of revolutions must not
be exceeded.

4. The full power trial should not be con-
ducted in SHALLOW WATER, which is con-
ducive to excessive vibration, loss of speed, and
overloading of the propulsion plant.

5. A full power trial should continue beyond
the length originally specified, and al observa-
tions should be continued until the trial is finished.

6. The trial should be continuous and without
interruption. If atrial at constant rpm must be
discontinued for any reason, that trial should be
considered unsatisfactory and a new start made.

7. No major changes of the plant set-up or
arrangement should be made during economy
trials.

UNDERWAY REPORT DATA.—Reports of
trials include all the attending circumstances,
especially draft forward, draft aft, mean draft,
and corresponding displacement of the ship at the
middle of the tria; the condition of the ship’s bot-
tom; the last time drydocked; the consumption
of fuel per hour; the average speed of the ship
through the water; and the average revolutions
of the propelling engines. The methods by which
the speed was determined should also be
described.

Reports should also include tabulations of
gage and thermometer readings of the machinery
in use, and the revolutions or strokes of pertinent
auxiliaries. The auxiliaries in use during the tria
should be stated. Each report should state whether
the machinery is in a satisfactory condition. If the
machinery’s condition is found to be unsatisfac-
tory, all defects and deficiencies should be fully
described and recommendations made for correct-
ing them.

TRIAL REQUIREMENTS.—Tria require-
ments for each ship cover the rpm for full power
at various displacements and injection
temperatures. They are furnished to commanders
and units concerned, by the Chief of Naval Opera-
tions (Operations Readiness Division).
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As far as reports are concerned, full power
trials are of 4 hours duration. The usua procedure
is to operate the ship at full power for a suffi-
cient length of time until all readings are
constant, and then start the official 4-hour trial
period. Economy trials are of 6 hours duration,
a different speed being run at each time a trial
is made.

Once scheduled, trials should be run unless
prevented by such circumstances as.

1. Weather conditions which might cause
damage to the ship.

2. Material troubles which force the ship to
discontinue the trial.

3. Any situation where running or completing
the trial would endanger human life.

If a trial performance is UNSATISFAC-
TORY, the ship concerned will normally be
required to hold a retrial of such character as the
type commander may consider appropriate.

The fact that a ship failed to make the required
rpm for any hour during the trial, and the amount
by which it failed, should be noted in the trial
report.

OBSERVATION OF TRIALS.—When full
power trials are scheduled, observing parties are
appointed from another ship whenever
practicable. When a ship is scheduled to conduct
atrial while proceeding independently between
ports, or under the other conditions where it is
considered impractical to provide observers from
another ship, the ship under trial may be directed
to appoint the observers.

The number of personnel assigned to an
observing party vary according to size and type
of ship. The duties of the observing party are
usually as follows:

1. The chief observers organize, instruct, and
station the observing party. They check the ship’s
draft, either at the beginning of the trial or before
leaving port; supervise the performance of the
engineroom observers; check the taking of counter
readings; render al decisions in accordance with
current directives; and check and sign the trial
reports.
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2. The assistant chief observers assist the chief
observers as directed; supervise the performance
of the observers; check the taking of fuel ail
soundings and meter readings; and make out the
trial reports.

3. Assistant observers take fuel soundings,
meter readings, counter readings, the ship’s draft,
and collect all other data that may be required
for the trial reports.

The following items should be accomplished
or considered before starting the trial:

1. When requested by the observing party, the
ship under trial should provide or designate a
suitable signaling system so that fuel soundings
and the readings of counters and meters may be
taken simultaneoudly.

2. The ship under trial should furnish the
chief observer with a written statement of the date
of last undocking, and the authorized and actual
settings of all main machinery safety devices and
dates when last tested.

3. The ship should have its draft, trim, and
loading conform to trial requirements. In case a
least draft is not specified, the liquid loading
should equal at least 75% of the full load capacity.

4. The chief observer should determine draft
and trim before and after the trial, verify the
amount of fuel on board and correct this amount
of the time of beginning the trial. The draft
observer should also determine the rpm required
for the full power trial, at the displacement and
injection temperature existing at the start of the
trial.

5. The observing party should detect and
promptly correct any errors in recording data,
since it is important that the required data be cor-
rect within the limits of accuracy of the shipboard
instruments.

6. The chief observer should instruct members
of the observing party to detect any violation of
trial instructions, of instructions in the Naval
Ships' Technical Manual, or of good engineering
practice, and then verify any such report and pro-
vide the commanding officer or a detailed account
of each violation.

MANNER OF CONDUCTING TRIALS—
Some of the requirements in regards to the
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manner of conducting full power and economy
trials are as follows:

1. Unless otherwise ordered, a full power trial
may be started at any time on the date set.

2. The trial should be divided into hourly
intervals, but readings should be taken and
recorded every half hour. Data are submitted as
hourly readings in the trial report.

3. Fud expenditures for each hourly interval
of the trial should be determined by the most ac-
curate means practicable, normally by meter
readings corrected for meter error and verified by
soundings.

4. The appropriate material condition of the
ship should be set during the different trials.

5. During dl trials the usua “housekeeping”
and auxiliary loads should be maintained and the
minimum services provided should include nor-
mal operation of the distilling plant, air com-
pressor, laundry, galley, ventilation systems,
elevators (if installed), and generators for light and
power under load conditions similar to those re-
quired for normal operations at similar speeds
under the prescribed material condition.

6. All ships fitted with indicators, torsion-
meters, and other devices for measuring shaft or
indicated horsepower should make at |east two
observations during the full power trial to deter-
mine the power being devel oped.

7. The chief observer’'s report of the trial
should state whether all rules for the trial have
been complied with.

SOME HINTS IN REGARD TO FULL
POWER TRIALS—There are special forms
used for full power and economy trial reports.
Illustrations of these forms are not given in this
training manual, but you can obtain copies from
your log room, and in this way get an idea of the
data and readings that are required for full power
and economy trials.

Trial forms, and such items as tachometers,
stop watches, and flashlights, should be available
to the observing party and to the personnel who
take readings. Any gages or thermometers which
are considered doubtful or defective should be
replaced before trials are held. A quartermaster
must check and adjust all clocks in the engineer-
ihrglgdspaces and on the bridge before any trials are
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It is important to make careful inspections and
tests of equipment and items of machinery that
may cause difficulties during full power opera-
tion, since it is possible that unknown defects or
conditions may go undetected during operation
at fractional powers—the normal operating con-
dition of the ship most of the time.

Before atrial run is made, the main engines
should be inspected to make sure that the power
output of the individual cylindersis equal; this
ensures a balanced, smooth-operating engine, at
maximum speed and power. Equal load distribu-
tion between the individual cylinders depends on
the following factors being as nearly equal as
possible for al cylinders.

1. Compression pressures.
2. Fuel injection timing.
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3. Quantity and quality of fuel injected.
4. Firing pressures.

5. Inlet valve timing and lift.

6. Exhaust valve timing and lift.

7. Exhaust gas temperatures.

A common practice among many com-
manding officers, when making full power trials,
isfirst to bring the ship up to a speed of one or
more knots below the trial run speed of the ship
and then turn the control of the speed (except in
cases of emergency nature) over to the engineer
officer. The control engineroom, under the super-
vision of the engineer officer, brings the speed up
slowly, depending upon the conditions of the
plant, until the specified speed has been reached.






CHAPTER 3

ENGINE MAINTENANCE

Keeping an internal combustion engine (diesel
or gasoline) in good operating condition demands
a well-planned procedure of periodic inspection,
adjustments, maintenance, and repair. If inspec-
tions are made regularly, many malfunctions can
be detected and corrected before a serious casualty
results. A planned maintenance program will help
to prevent major casuaties and the occurrence of
many operating troubles.

The Maintenance and Material Management
(3-M) System provides a logical and efficient
approach to many maintenance problems. It pro-
duces a large reservoir of information about
equipment disorder and indicates what corrective
steps must be taken to prevent them.

Another aspect that must be considered in
connection with maintenance problems is the
safety requirement aboard ship. On some ships,
the 3-M System includes safety requirement cards.
A safety requirement card provides guidelines and
periodicity for the inspection of selected areas not
covered in the regular maintenance schedule.

Complete information about the 3-M System
is contained in the Maintenance and Material
Management (3-M) Manual, OPNAVINST
4790.4.

There may be times when service requirements
will interfere with a planned maintenance pro-
gram. In such event, routine maintenance must
be performed as soon as possible after the
specified interval of time has elapsed. All
necessary corrective measures should be
accomplished as soon as possible. Repair jobs
should not be allowed to accumulate, otherwise
hurried and inadequate work will result.

Since the Navy uses many models of internal
combustion engines, it is impossible to specify a
detailed overhaul procedure that would be
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adaptable to all models. However, there are
severa generd rules which apply to all engines.
They are:

1. Detailed repair procedures are listed in
manufacturers’ instruction manuals and in
maintenance pamphlets. Study the appropriate
manuals and pamphlets before attempting any
repair work. Pay particular attention to tolerance
limits, and adjustments.

2. Observe the highest degree of cleanliness
in handling engine parts during overhaul.

3. Before starting repair work, be sure that
al required tools and replacements for known
defective parts are available.

4. Keep detailed records of repairs. Such
records should include the measurements of parts,
hours in use, and the names of the new partsin-
stalled. Analyses of such records will indicate the
hours of operation that may be expected from the
various engine parts. This knowledge is helpful
as an aid in determining when a part should be
renewed in order to avoid a failure.

Since maintenance cards, the manufacturers
maintenance manuals, and the various types of
instructions discuss repair procedures in detail,
this chapter will be limited to general informa-
tion on engine inspections, adjustments, and
maintenance, as well as some of the troubles
encountered during overhaul, the causes of such
troubles, and the methods of repair to be used.

INSPECTIONS

Inspections and maintenance are vital in order
to maintain engines (diesel and gasoline) in
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proper operating condition and to minimize the
occurrence of casualties caused by material
failure.

A comparatively minor engine malfunction,
if not recognized and remedied in its early stages,
might well develop into a mgjor casualty. You and
your work center personnel must be able to
recognize the symptoms of any developing
malfunction by using your senses of sight,
hearing, smell, or even touch or feel
(heat/vibration).

Your personnel must be trained to pay
particular and continuous attention to the follow-
ing indicators of oncoming malfunctions:

1. Unusual noises

2. Vibrations

3. Abnormal temperatures

4. Abnormal pressures

5. Abnormal operating speeds

All operating personnel should thoroughly
familiarize themselves with the specific
temperatures, pressures, and operating speeds of
equipment that are required for normal operation,
so that any departure from the normal will
become more readily apparent.

If a gage, or other instrument for recording
operating conditions of machinery, gives an
abnormal reading, the cause of the malfunction
must be fully investigated. Normally the installa-
tion of a spare instrument, or a calibration test,
will quickly indicate whether the abnormal reading
is due to instrument error. Any other cause must
be traced to its source.

Because of the safety factor commonly incor-
porated in pumps and similar equipment, con-
siderable loss of capacity can occur before any
external evidence is apparent. Changes in the
operating speeds (from those norma for the
existing load) of pressure-governor-controlled
equipment should be viewed with suspicion. Most
variations from normal pressures, lubricating oil
temperatures, and system pressures indicate either
inefficient operation or poor condition of
machinery.

When a material failure occurs in any unit,
a prompt inspection should be made of all similar
units to determine whether there is any danger that
asimilar failure might occur in other units. The
cause of the failure must also be determined and
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corrected in order to avoid repeated failure of the
same or similar components. Prompt inspection
may eliminate a wave of repeated casualties.

Strict attention must be paid to the proper
lubrication of all equipment, including frequent
inspection and sampling to ensure that the cor-
rect quantity of the proper lubricant isin the unit.
It is good practice to make a daily check of
samples of Iubricating oil in al auxiliaries. Such
samples should be alowed to stand long enough
for any water to settle. When auxiliaries have been
idle for severa hours, particularly overnight, a
sufficient sample to remove all settled water
should be drained from the lowest part of the ail
sump. Replenishment with fresh oil to the nor-
mal level should be included in this routine.

The presence of saltwater in the oil can be
detected by drawing off the settled water by means
of a pipette and by running a standard chloride
test. A sample of sufficient size for the test can
be obtained by adding distilled water to the oil
sample, shaking it vigoroudly, and then allowing
the water to settle before draining off the test sam-
ple. Because of its corrosive effects, saltwater in
the lubricating oil is far more dangerous to a unit
than is an equal amount of freshwater. Saltwater
is particularly harmful to units containing oil-
lubricated ball bearings.

The information given so far relates to the
inspections that Enginemen make on operating
engines (either diesel or gasoline). Since the Navy
uses more diesel than gasoline engines the
remainder of this chapter will deal with diesel
engines and with the inspection and maintenance
procedures that are required by the planned
maintenance system (PMS) and the manufac-
turers’ technical manuals.

COMPRESSION AND FIRING
PRESSURES

Readings of the compression and firing
pressures must be taken every 200 hours for the
trend analysis graphs. They may also be taken at
other times when engine operating conditions
reguire additional monitoring such as when an
engine misfires, fires erratically, or when any one
cylinder misfires regularly. There can be many
reasons for an engine to misfire, some of these
are aclogged air cleaner/filter, an engaged fuel
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cutout mechanism, or aloss of compression. If,
after checking the air cleaner, the filter, and the
fuel cutout mechanism, you determine that the
problem is due to loss of compression, then you
must perform a compression check with a cylinder
pressure indicator.

There are several different types of indicators
that may be used. Most indicators used with
diesel-cylinder engines are either of the spring
balanced type or the trapped pressure type. They
are manufactured by various companies such as
Kiene, Bacharach, and Kent-Moore. Some of
these indicators measure only compression
pressure, others measure both compression and
firing pressures.

Spring Balanced Indicator

A spring balanced indicator, such as the one
manufactured by Bacharach (figure 3-1), employs
a spherical ball piston, which is held on its seat
by the force of a helical spring actuated by the
cylinder pressure which acts against the bottom
of the ball piston to oppose the spring tension.
Before the indicator is attached to the engine, the
vulcanized handle must be rotated clockwise
until the reading on the counter is greater than
the maximum cylinder pressure expected. The
amount of this pressure is listed in the engine
manufacturer’s technical manual. When the
indicator is installed, the operator must make sure
that it is placed as near the cylinder as possible
and position it so that it can be read easily. After
the indicator is installed the engine is operated at
the specified rpm, then the fuel to the cylinder
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Figure 3-1.-Spring balanced Pressure Indicator.
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being tested is cut out, the cylinder test cock is
opened, and the spring tension on the indicator
is adjusted. The tension of the spring is reduced
by rotating the vulcanized handle
counterclockwise until the maximum cylinder
pressure barely offsets the spring pressure. At this
point, the latch mechanism of the indicator trips
and locks the handle firmly in position, giving a
direct and exact reading of the pressure in pounds
per square inch (psi). To reset the lock mechanism
for a new reading, the handle must be rotated
counterclockwise one-fourth turn. When this in-
dicator is stowed for future use, the indicator
spring must be unloaded by rotating the handle
counterclockwise until a zero pressure reading is
obtained.

Trapped Pressure Indicators

In this type of indicator, the cylinder gases
enter past a valve into a chamber which leads to
a gage. When the pressure above the valve equals
that of the cylinder, the valve seats and traps the
gas above the valve at its highest pressure, then
this pressure is read on the gage. There are several
other types of indicators. The one pictured in

is used to take compression readings

1.

FUEL JUMPER
2. COMPRESSION ADAPTOR FITTING

3. BLEED VALVE
4. GAGE

75.238X
Courtesy of Bacharach, Inc., USA

Trapped Pressure Indicator (small boat).
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only on engines installed on small boats. Engines
like the GM-6-71 do not have indicator cocks
installed.

When taking compression readings on a 6-71
engine, you will perform the following steps:

1. Check the manufacturer’s technical manual
for the minimum compression pressure required
for the engine.

2. Start the engine and run it at approximately
one-half the rated load until normal operating
temperatures are reached.

3. Stop the engine and remove the fuel pipes
from the injector and the fuel connectors on the
cylinder to be tested.

4. Remove the injector and install the
indicator adapter, with pressure gage attached,
and use the crab nut to hold the adapter in place.

5. Use a space fuel pipe to fabricate a jumper
connection between the fuel inlet and the return
manifold connectors to by-pass fuel to and from
the injector.

6. Start the engine again and run it at approx-
imately 600 rpm.

7. Observe and record the compression
pressure as indicated on the gage.

Another type of trapped pressure indicator is
the Kiene indicator [figure 3-3). This indicator is
basically a Bourdon gage connected to a cylin-
drical pressure chamber. The pressure chamber
contains a check valve which allows the gas to

CYLINDER

" PRESSURE INDICATOR f
INDICATOR COCK ; ) 4
‘rCONNECTION
! \ '
WIS v i
~ ’

EXHAUST |

' 94 .

) }\‘
,‘d MANIFOLD
fut ?F‘*
P > - \\\"\\\\
S §‘

CYLINDER
RELIEF VALVE

75.238X

Courtesy of Bacharach, Inc., USA

Figure 3-3—Trapped Pressure Indicator.
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flow from the engine into the chamber until the
pressures are equalized. This gage is attached to
the chamber and the pressure is read directly. The
check valve is an inverted piston seating on a seat
piece. The valve moves up and down in a guide.
A stop nut is used to adjust the travel of the check
valve.

Most of you should become familiar with this
indicator since it is widely used to check both the
compression and firing pressures on main diesel
engines and emergency generator diesel engines.
Review figure|3-4A |and B.|It is a PMS situation
requirement to be performed when the engine
operating conditions indicate problems.

EXHAUST AND CYLINDER
TEMPERATURES

One of the most useful tools that the engine
operator has for monitoring an engine's perform-
ance is the thermocouple pyrometer. The prin-
cipa use of this device isin the exhaust system
(but it can also be used for other purposes) where
it is used to measure the exhaust gas temperatures
at each cylinder or the common temperature in
the exhaust manifold. By comparing the exhaust
gas temperatures of each cylinder, the operator
can determine if the load is balanced throughout
the engine.

The two types of pyrometers in use are the
fixed installation and the portable hand-held
instrument Both types use a ther-
mocouple unit, such as the one shown inl[figure
installed in the exhaust manifold.

In its smplest form, a thermocouple consists
of two dissimilar metal wires, usually iron and
constantan (55% copper and 45% nickel) that are
joined at both ends to form a continuous circuit.
When the temperatures at the junctions are dif-
ferent an electrical current is produced and flows
in the circuit. The greater the temperature dif-
ference, the greater the voltage produced.

One junction, known as the hot junction, is
contained in a closed-end tube, installed in the ex-
haust manifold of each cylinder. The other junc-
tion called the cold junction, is exposed to room
temperature, and is located at the pyrometer wire



Chapter 3—ENGINE MAINTENANCE

‘(@oeq) seunssa.ud
Buliiy pue uowssa sdwod Bulinsesw Ioj-OY IN— gi-€ 24nbi4

At ()1 004¥ AVNGO

‘(uo 1)) seunssaud
Bulily pue uosse sdwod Bulinseaw 10J-OH N—' Vi-€ @1nB14

t
. « ABM) 1 ) L 00LP AVNGD
(DHW) QHYD ININIHHNOIE IDONVYNIINIVN (DHW) AHVYD (NIWIHINODIY FONTNIINIVIN
- 0861 Aww
Aivd NOH YOO

IR EEE

|

PAGE 2 OF 2 l

ruotrjerado orjewoane 103 dn ury puw sutbua dois ‘p
*sx9putTho
Bututewax 103 (G)'o°T ybnoaya (1) 2°1 sdeys jeadey (9)
*YO0D 3893 WOIJ IOJWOTPUT PAowWdAY (G)
*20390TPUT BY3 3IUBA DUR D02 18 IIPputTAO Inys ()
*18d 00IT O3 006 ST @anssaxd HuraTy wnwixww
t9ansgerd HutITj pIOO8I puwR YD0D 38V IWPUTTAD uado (¢f)
*I03WITPUT TTRIBUI (Z)
*¥00D0 1893 Inys
1¥D00 3893 3INO MOTQ pue ¥00O 3833 19putTAd T ‘ON uado (1)

FDIOO) AR XOR

*gaxnssaird buviary aanseen °O
‘peOT TI03 pue paads [In3 3e autbus ajexadp °'q
*839put Thd
fututewax 103 (Q0T) e°1 ybnoayy () e-1 sde3s eaday (11)
*I9A0D IIPUTTAD TTRISUT3Y (0T)
ratqedttdde 3y ‘(T)"e°1
de3s Ul paAOWaI I9A0D IIPUN IIPuTTAO Hututewsa
yowa 103 (g)°'e'1 ybnoaya (z)re°1 sdeys vaday (6)
*youaim 3INOYD0T I032a(uy JAoway (8)
‘ved
059 03 t8d 056 81 3xnssaid uorssaxdwod [PwIOU !YDOD
3893 19putTAd 3Inys puw aansgsaxd uorssaxdwod pioodw (L)
cuotryeIqra
UMUWTUTW JOF I03WOTPUT 3ISN(PP Puw UIA JOFRLITPUT 3INYS (9)
*%000 3893 IIpuUTTAD pue jusa JojedTputr uado (§)
-10300(ut ay3 INO YOO puw Youalm INOYDOY TTeIsUl (¥)
*3¥200 31833 03 IO3ROTPUT YoeIIVv (€}

4J7 150 ( 2XRA

+10390TpPUY BuyTpuey uaym SanoTh IeaM OHNINYVM

*3000 1893

3 Inys ‘abessed N0 MOTq O3 XYD0O 383} IAPUTTAD uado (Z)
*pa3893 Hutaq IIPUTTAD WOIJ IDA0D dAocwWdY (1)

- ‘gaangsaxd uorssaadwoo sinsean v
‘seInssdig Hutxty puv uoysserdmod sansweN -1

PAGE

‘peol ou puv paads [N}
e butrjezado pue ainjeradway TewIou 3 ST 3utHua ainsuz °e
Kxwutwyiyeaa

‘UOTITPUOD
burjexado authus JO ITNBAI SP PIIJIITP UIYM yst1dwoodoy ¢ ILOKR

DI IO

Joded pue [T0Udd ‘€
89A0TD 80383QBY "7
303@DTpUT BUITY ‘T

INIWNANO A 1831 S IVIBIIVIN Sivd 81001

ZyL$8EE ON 31ed 13w
‘youaam 3INOYOOT I10323(ur ‘¢

+103@0TpUT Hburipuey UIYm s3aAorh xeeM 7

*8aY198

00TS LSNIAVNAO ‘3IPOT3VY 830104 I10] Suo1INLIIId
0°1 Kiazes AaeN yatm A1dwod 3poT3e 892104 {

I QISav T

SNOILOYD I ALIIVS

0z
W/ Wil

‘gaxngsaid Butity pue uotsserdwod IInswIW ‘1

NOU I8 30 1N INILNND I IONYN JINIYIN

autbulg tesatq
103919udny Aouebiswy

LNINAIND 3 WSS

01 €N3
0°1 TN

/™ S3iwd

S-d (4 §

IO e NS WALSAS dis

3-5



ENGINEMAN 1 & C

DIAL
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CYLINDER

THERMOCOUPLES

PYROMETER
CASE

4
i ;EXHAUST OUTLET

A
(FIXED INSTALLATION)

. - o=

——

B
(PORTABLE)

75.170
Figure 3-5.—Pyrometers used in diesel exhaust systems.

terminals (seefigure 3-6). A pyrometer (millivolt
meter) measures the voltage produced and shows
the results on a scale which has been calibrated
to read in degrees of temperature. In fixed installa-
tion pyrometers, if the connecting wires are of the
same type as those of the thermocouples, the ther-
mocouple element becomes, in effect, extended
to the pyrometer terminals and the temperature
at the meter (now the cold junction) becomes the
reference temperature. Then the selector switch
can be rotated to any cylinder and contact can
be made between the pyrometer and the hot junc-
tion. A reading can then be obtained for that par-
ticular point.

The hand-held pyrometer consists of an
indicator and a pair of pointed prods attached to
a sub-base and supported by a handle. To obtain
areading, the prod points are pressed against the
exposed thermocouple terminals. The reading is
taken from the scale. A point to remember is that
the zero adjuster must be set to indicate room
temperature rather than 0° temperature.

GRAPHIC RECORDS
Asyou read in chapter 2, graphic records play

an important part in keeping an engine in proper
operating condition. When used properly they can

THERMOCOUPLE ELEMENT- PORCELAIN

IRON AND CONSTANTAN WIRE,

3-6

COVER

"HOT JUNCTION"
e

INSULATOR

- ;J;_m! ]

-

PYROMETER

INSIDE THE INSULATOR
WIRE TERMINALS

75.171
Figure 3-6.}—Sectional view of a thermocouple.

tell you how your engine is performing and what
is happening inside the engine. Graphic records
indicate the overall condition of an engine and
warn you when certain parts are beginning to wear
out so that you may take prompt corrective ac-
tions and prevent major casualties.

ADJUSTMENT AND MAINTENANCE

An internal combustion engine is a com-
plicated machine, built with a high degree of preci-
sion throughout and capable of long dependable
serviceif it is kept in good operating condition.

To keep an engine in good operating condi-
tion you must perform all the adjustments and
maintenance prescribed in your installed PMS and
the manufacturers' technical manuals. In this sec-
tion you will read about the adjustment and
maintenance of various components of an inter-
nal combustion engine.

AUTOMATIC REGULATING VALVE

In many engines, freshwater temperature is
regulated by an automatic regulating valve which
maintains the freshwater temperature at any
desired value by bypassing a portion of the water
around the freshwater cooler. An automatic
temperature regulator of the type commonly
used in the cooling systems of marine engines is
shown in Even though these regulators
are automatic (self-operated), provisions are in-
cluded in most installations for manual operation
in the event that the automatic feature fails.
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Figure 3-7.—Automatic temperature regulator.
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The temperature regulator consists of a valve
and a thermostatic control unit mounted on the
valve. The thermostatic control unit consists of
a temperature-control element and a control
assembly.

The temperature-control element is essentially
two sealed chambers consisting of a bellows con-
nected by aflexible armored capillary tube to a
bulb mounted in the engine cooling-water
discharge line. One chamber is formed by the
bellows and cap, which are sedled together at the
bottom; the other chamber is in the bulb. The
entire system (except for a small space at the top
of the bulb) isfilled with a mixture of ether and
alcohol which vaporizes at a low temperature.
When the bulb is heated, the liquid vaporizes and
the pressure within the bulb increases. This forces
the liquid out of the bulb and through the
capillary tube to the bellows. As the bellows is
moved down, it operates the valve.

The control assembly consists of a spring-
loaded mechanical linkage which connects the
temperature-control element to the valve stem.
The coil spring in the control assembly provides
the force necessary to balance the force of the
vapor pressure in the temperature-control
element.

Thus, the downward force of the temperature-
control element is balanced, at any point, by the
upward force of the spring. This permits the valve
to be set to hold the temperature of the engine
cooling water within the allowed limits.

The regulator operates only within the
temperature range marked on the nameplate; it
may be adjusted for any temperature within this
range. The setting is controlled by the range-
adjusting wheel, located under the spring seat. A
pointer attached to the spring seat indicates the
temperature setting on a scale which is attached
to the regulator frame. The scale is graduated
from 0 to 9, representing the total operating range
of the regulator.

The location of a temperature regulator
may be located in either the seawater
or freshwater circuit. In most engines, the
regulator is located in the freshwater
circuit.

When located in the seawater circuit, the
regulator controls the amount of seawater flow-
ing through the coolers. As the temperature of
the freshwater becomes greater than the
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temperature for which the regulator is set, the
regulator actuates a valve to increase the flow of
seawater through the coolers. On the other hand,
when the freshwater temperature is below the
temperature for which the regulator is set, the
regulator actuates the valve and decreases the flow
of seawater through the coolers.

In installations where the regulator isin the
freshwater circuit, water is directed to the cooler
when the temperature of the water is above the
maximum setting of the regulator. After passing
through the cooler where the temperature of the
water is lowered, the water returns to the suction
side of the freshwater pump to be recircul ated.
When the temperature of the water is below the
maximum setting of the regulator, the water
bypasses the cooler and flows directly to the suc-
tion side of the pump. Bypassing the cooler per-
mits the water to be recirculated through the
engine; in this way, the temperature of the water
is raised to the proper operating level.

Regardless of whether the regulator is in the
fresh or seawater circuit, the bulb which causes
the regulator to operate is located in the
freshwater discharge line of the engine.

Temperature regulators not only control the
temperature of the freshwater but also control
indirectly the temperature of the oil discharged
from the lubricating oil cooler. Control of the
lubricating oil temperature is possible because the
water (freshwater or saltwater) that is passed
through the regulator and the freshwater cooler
is aso the cooling agent for the lubricating oil
cooler. When the lubricating oil is cooled by
seawater, two temperature regulators are installed
in the seawater circuit. The temperature regulator
bulb of the regulator that controls the temperature
of the freshwater is installed in the freshwater cir-
cuit; the bulb of the regulator that controls the
temperature of the lubricating oil isinstalled in
the lubricating oil system.

Maintenance

To allow proper operation of a temperature
regulator, the valve stem must not bind in the
stuffing box, but must move freely. The valve
stem must be lubricated frequently where it enters
the stuffing box and also around the threaded
sleeve used for the manual control. A small
amount of grease should also be used on the bevel
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Figure 3-8.—Figure Removed.

gears. The valve packing nut should be kept only
finger tight and should be lubricated occasionally
with a drop of oil. Should it become necessary
to renew the packing, you will need to remove the
nut, take out the packing gland, clean the stuff-
ing box, and repack it with asbestos wicking
saturated with oil.

Should the temperature of the freshwater
leaving the engine be too high when the regulator
is set on the lowest adjustment setting you should
do the following:

1. Ensure that the manual pointer is set at the
THERMOSTATIC position.

2. Ensure that the packing gland is not
binding the valve stem and that the valve stem is
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not stuck in the COOLER CLOSED (minimum
cooling) position.

3. Check the water lines for other causes of
the difficulty. If this check does not reveal the
cause of the trouble, it is probable that the
temperature control element is inoperative, and
that it should be checked.

If undercooling occurs when the temperature
regulator is set on the highest adjustment setting,
check for a sticking valve in the BY-PASS
CLOSED (maximum cooling) position. Sticking
may be caused by atight stuffing box or by dirt
under the lower valve seat. If the temperature at
the bulb is lower than the set temperature and the
valve position indicator shows COOLER
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CLOSED, excessive leakage is indicated. In such
case you will have to regrind the valve using the
following procedure:

1. Disconnect the valve from the piping.

2. Remove the packing nut and the packing.

3. Disconnect the vave stem and remove the
locknut from the thermostatic stem.

4. Remove the thermostatic control unit
from the valve.

5. Clean the valve stem until it is smooth.
If necessary, polish it with fine emery cloth.

6. Grind the valve seats until a perfect seal
is obtained; then remove all grinding compound
from the valve and the seats.

7. Reassemble the valve and the control unit.

8. Repack the stuffing box and lubricate it
with engine oil.

MODEL
NUMBER

SERIAL
NUMBER
TEMPERATURE

RANGE

VIEW C

TUBE END INCORRECT

LIQUID LEVEL

ey W R, & T Ty

TO REMOVE BULB FROM
SHIP'S PIPING TURN
THIS NUT ONLY

121.19
Figure 3-9./—Bulb installation.

9. Secure the packing gland nut finger tight.

10. Insert the bulb into the ship’s piping in
either a horizontal or vertical position, as shown
inviews A and B of When the bulb
isinstalled in the vertical position, the nut must
be at the top; when it is installed in the horizon-
tal position, the arrow on the indicator disk must
point upward. NEVER INSTALL THE BULB
WITH THE NUT AT THE BOTTOM (as shown
in view C of[figure 3-9) because in this position
the liquid would be below the end of the internal
capillary tube and would have little or no effect
on the bellows of the temperature regulator valve.

11. Adjust the regulator.

Adjustment

A closeup of the adjusting and indicating
features of the temperature regulator is shown in
The procedure for adjusting a
temperature regulator is as follows. Rotate the
manual crank pin until the indicator pointer isin

CAP

SCALE PLATE TEMPERATURE
ADJUSTING

WHEEL

—

ADJUSTING
PIN

INDICATOR [ - 58
POINTER
L 2@

INDICATOR - i
PLATE

THERMOSTATIC
POSITION

75.224

Figure 3-10.—Scale and Indicator plates of temperature
regulator.
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the THERMOSTATIC POSITION. Turn the
adjusting wheel until the pointer is opposite 2 on
the scale plate. Loosen the locknut and unscrew
the valve stem until it is free of the thermostatic
stem. Then turn the adjusting wheel until the
pointer is opposite 8 on the scale plate. (Note: The
preceding steps should be performed with the ther-
mostatic bulb removed from the ship’s piping and
when the bulb temperature is below 100°F.)

Again rotate the manual crankpin until the
lower end of the seating sleeve is flush with the
lower end of the thermostatic stem. With the
seating sleeve and the indicator pointer in this
position, loosen the screws in the indicator plate
and dlide the plate up or down as needed to align
the THERMOSTATIC mark in the center of the
plate with the indicator pointer. Then retighten
the screws. (The marks COOLER CLOSED and
COOLER BY-PASS on the indicator plate are
only approximate.) Screw the valve stem into the
thermostatic stem and turn it until the cooler pop-
pet valve seats firmly. Turn the adjusting wheel
until the pointer is opposite 2 on the scale plate.
Turn the valve stem one full turn into the ther-
mostatic stem and retighten the locknut.

With the manual control on the THER-
MOSTATIC position, turn the adjusting wheel
in a direction to bring the pointer to number 9
on the scale plate. Run the engine at warmup
speed until the temperature of the fluid, as
indicated by the thermometer in the line with the
thermostatic bulb, rises to the desired
temperature. (The desired temperature must be
determined in advance from applicable
instructions.)

With the engine running at warmup speed and
the temperature at the thermostatic bulb at the
desired value, turn the adjusting wheel until the
cooler poppet just begins to leave its seat. This
action is shown by the movement of the mark on
the valve stem downward from the COOLER
CLOSED mark on the valve position indicator.
Valves adjusted in accordance with this procedure
will normally maintain the temperature of the
fluid at the thermostatic bulb between the desired
value and a temperature approximately 20°
higher, under any conditions of engine load or
injection temperature. This 20° difference is the
temperature rise required to cause the poppet
valve to move through the necessary travel.
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HEATING EXCHANGER
DEFINITIONS

Problems with the cooling system of an engine
may prevent the cooling system from keeping the
engine parts and working fluids at safe operating
temperatures. Failure of the system may lead to
several of the troubles and casualties that have
been discussed earlier.

In marine installations, lubricating oil and
most of the engine parts are cooled by the circula
tion of seawater, freshwater, or both. When the
cooling of an engine part is mostly by oil spray
or ail circulation, the ail is cooled by circulation
through an oil cooler.[Figure 3-17 illustrates a
cooling system in which both freshwater and
seawater serve as coolants.

When maintaining engine cooling water
temperatures within specified limits, the principal
difficulties you may encounter are in maintain-
ing circulating pumps in operating condition;
preventing corrosion; reducing the cause of scale
formation in water jackets and heat exchangers;
cleaning jackets and heat exchangers according
to proper procedures; and in preventing leaks in
the various parts of the system.

The coolers (or heat exchangers) which remove
the heat from the cooling water of an engine may
vary considerably in design. Those used in cool-
ing systems may be classified basicaly as the
radiator type and the tubular type. The radiator
is sometimes referred to as the strut or the Har-
rison type, while the tubular isidentified as the
Ross or shell-and-tube type. A heat exchanger of
both types is shown in The heat ex-
changer on the top of the picture is a radiator type
heat exchanger; the one on the bottom is a
tubular-type heat exchanger. In heat exchangers
of the radiator type, the freshwater passes through
the tubes and the seawater passes around them.
In the tubular type, the freshwater surrounds the
tubes and the seawater passes through them.

CASUALTIES

Although heat exchangers vary in design, they
are all subject to similar casualties. The principal
difficulties which may prevent heat exchangers
from functioning properly are excessive scale
deposits on the cooler element, clogged cooler
elements, or cooler leakage.
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Figure 3-11—A cooling water system.

A gradual increase in the freshwater
temperature is usualy an indication of EX-
CESSIVE SCALE on a cooler element. As scale
formation increases, there is a gradual increase
in the pressure difference between the inlet and
outlet of the heat exchanger. Scale deposits
generally form faster on the saltwater side than
on the freshwater side, because of the greater
amount of dissolved salt present in the water.

Complete prevention of scale formation is not
possible, but steps can be taken to reduce its for-
mation by using proper cleaning methods and pro-
cedures. Seawater discharge temperature should
be maintained below a specified limit (130°F),
because the rate of scale formation is increased
as the temperature increases. The water used in
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closed cooling systems must be as pure as
possible. Distilled water is recommended for a
freshwater cooling system, but since distilled water
is not absolutely pure, additional steps must be
taken to control acidity and akalinity. The treat-
ment used to control these factors will not remove
scales already formed, but it will prevent further
precipitation of scale-forming dats. You will find
details for water treatment in closed water systems
in chapter 233, NAVSHIPS Technical Manual,
and in most engine instruction manuals.

Not only the hard deposits chemically
precipitated from the circulating water, but also
such items as marine life, grease, and debris of
various types may CLOG OR RESTRICT
COOLER ELEMENTS. The principal causes of
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[Figure 3-121—Types of heat exchanges.

cooler clogging by loose foreign matter are faulty
seawater strainers, dirty freshwater, excessive
lubrication of the pumps, and leaking oil coolers.

To prevent the entry of sea debris, a punctured
screen in a seawater strainer must be replaced as
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soon as possible. Obviously, the use of dirty
freshwater will hasten the clogging of a cooler ele-
ment. Grease and oil may enter the cooling system
and the film deposited on the cooler element will
reduce the capacity of the cooler. Grease may
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come from grease cups which are used on some
water pumps to lubricate bearings. If the cups are
turned down too much or too often, grease is
forced into the circulating water. A hole in the
element of an oil cooler permits oil to flow into
the cooling system. Any source of oil or grease
should be located and repairs made as soon as
possible.

Corrosion or erosion of the element in a heat
exchanger, as well as operation at excessive
pressure, may cause LEAKS. These leaks can
develop either in the element or in the casing.
L eakage from the cooler casing can usually be
detected by inspection. Element leaks, however,
are more difficult to detect. Any noticeable decline
or rise in the freshwater tank level, with the
temperature remaining normal, usualy indicates
leakage.

A hole made by corrosion in a cooler el ement
indicates that corrosion probably exists
throughout the element, and a thorough inspec-
tion should be made. Corrosion can be prevented
to a large extent by using the prescribed freshwater
treatment, inspecting as necessary and venting the
cooler to remove entrapped air.

Holes due to erosion are usually caused by
particles of grit (sand, dirt, etc., resulting
usually from operation in shallow water) striking
an element at high velocity. Grit is for the most
part so fine that it passes easily through the
strainer. If the strainer is defective, even the larger
particles of grit may enter the cooler.

Erosion by water at high velocity may also
result in holes in a cooler element. This occurs
when water flow has to be increased above the
rated capacity in order to maintain a desired
freshwater temperature. Whenever it is found
necessary to greatly increase the water flow, the
cooler should be cleaned.

If the designed maximum operating pressure
(indicated on the exchanger name plate) is ex-
ceeded, leaks are apt to result. Excessive pressure
is likely to occur in conjunction with clogging,
because additional pressure is necessary to force
a given quantity of water through a clogged
element.

MAINTENANCE AND REPAIR

Because of the difference in their construction,
methods of cleaning both types of heat exchangers
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(radiator and tubular) differ in some respects.
Radiator-type heat exchangers are cleaned by
chemical means because mechanica cleaning is
not satisfactory for this type heat exchanger.
Chemical cleaning of radiator-type units is
discussed in Engineman 3 & 2, NAVEDTRA
10541 (current edition). Tubular heat exchangers,
on the other hand, are cleaned by mechanical
means.

In both types of heat exchangers, loose foreign
matter such as seaweed, sand, and dirt may be
removed by blowing steam through the element
in a direction opposite to the normal flow of
water. When an element is badly clogged, care
must be exercised not to admit steam at a pressure
exceeding the maximum specified for the element.
If afilm of oil or grease is evident, the element
should be cleaned like an oil cooler element.

Leakage from the CASING of a radiator-type
heat exchanger may be caused by a damaged
gasket. If so, the heat exchanger should be re-
moved from the piping in order that flange faces
may be tightened evenly after a new gasket is
installed. If there is any reason to suspect that
there are leaks in a heat exchanger element, the
best method for locating them is by an air test.
This test may be accomplished as follows:

1. Remove the element from the casing.

2. Block off the discharge side of the element.

3. Attach a pressure gage to the inlet line of
the element.

4. Supply low-pressure air to the inlet side of
the element. Remember: Air pressure must
NEVER exceed design pressure for the
Element.

5. Immerse the element in a tank of water.

6. Check for bubbles.

An element of a heat exchanger may also be
tested hydrostatically by filling the element with
water under pressure and checking for leaks.

Emergency repair of leaks in the element of
a radiator-type heat exchanger can be made as
shown in[figure 3-13] When emergency repairs to
the radiator-type heat exchanger are necessary,
they may be made with the use of soft solder and
asmall torch or soldering iron. Extreme care must
be taken to prevent the surrounding area from
being overheated, thus causing the existing solder
to melt. Small radiator-type heat exchangers
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Figure 3-13}—Emergency repair of a tube leak in a radiator
type heat exchanger.

should be replaced as soon as a leak develops, if
areplacement is available. The presence of one
leak, unless caused by dropping or accidental
puncture, indicates that other areas in the heat
exchanger may be eroded.

In shell-and-tube heat exchangers, a leaking
tube must be replaced as soon as possible. In an
emergency, a faulty tube may be blocked off by
inserting a special plug at each end, until the tube
can be replaced. An air lance or water lance
should be used to clean the tubes of a shell-and-
tube heat exchanger. If the scale has hardened in
the tubes, a round bristle brush or soft rubber
plugs may be used to clean the tubes. When clean-
ing the tubes by mechanical means, avoid
damaging the protective coating inside the tubes.
These tubes should never be polished, as the tar-
nish on the tubes acts as insulation to prevent
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further corrosion. Removing the tarnish will also
reduce the tube wall thickness and over a period
of time and a number of cleanings, could suffi-
ciently reduce tube strength, resulting in tube
failure. For the proper procedures for cleaning
shell and tube type heat exchangers and the
safety precautions, use the PMS maintenance
requirements cards, the manufacturer’s technical
manual and Naval Ships's Technical Manual,
chapter 254.

LUBRICATING SYSTEM

To ensure that all the parts of an engine receive
adequate lubrication, it is essential that all parts
of the lubricating oil system be properly main-
tained at al times. Some parts which may be a
source of trouble are considered in this section.
For other information on lubricating systems, see
Engineman 3 & 2, NAVEDTRA 10541 (current
edition).

LUBE OIL PUMPS

Pumps used in engine lubricating systems are
of the positive displacement type. In some pumps
pressure control is maintained by pressure
regulating or pressure relief valves built directly
into the pump; in other pumps, valves exterior
to the pump are used for this purpose. Most
regulating devices recirculate excess lube oil back
to the suction side of the pump, but some pumps
discharge excess oil directly into the engine sump.

Pump casualties, as well as many other lube
systems failures, are indicated by the loss of lube
oil pressure. The loss of oil pressure can be
recognized by checking the pressure gages at
prescribed intervals, or by means of an electrical
alarm system. Most lube oil pump failures are
generally due to wear, and develop gradualy.
Failures may also occur abruptly if a drive shaft
breaks, or some parts suffer physical deforma-
tion. Such failures are usually indicated by ab-
normal noise in the pump and by sounding of the
low-pressure lube oil alarm.

The warning system should be tested at
specified intervals, usually when an engine is
being started or secured. Warning systems do not
excuse personnel from their responsibility for
keeping a vigilant and accurate watch on engine
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instruments. The instruments give the most
reliable indication as to what an engine is doing
and what adjustments should be made.

OIL LINES AND PASSAGES

Troubles occurring in the oil passages and oil
lines are usually in the form of plugged or
cracked lines. The former is generally the result
of carelessness, while the latter is usually aresult
of improper support of the line.

Even though clogged passages may be
indicated by increased pressure gage readings, it
is dangerous to rely wholly on such indications,
since stoppage occurring beyond the pressure
regulating valve and pressure gage may cause very
little, if any, pressure increase on the gage. You
can best determine if a bearing is receiving oil by
inspecting it occasionally, just after engine
shut-down. There should be plenty of oil in the
vicinity of the parts being lubricated. Another
method for checking bearing lubrication is to note
the temperature of the bearings by feeling them
with the hand after engine shut-down. Y ou should
be able to keep your hand on them for at |least
afew seconds.

Y ou can help prevent most oil line stoppage
by observing the following rules:

1. Never use cotton waste or paper towels for
cleaning an engine. They may leave lint or small
bits of material which later may collect in the lines.

2. Service the oil filters at specified intervals.
Clean the case properly and when the lines are
removed, blow them out with compressed air.

FUEL INJECTION EQUIPMENT
AND CONTROLS

The fuel system is one of the most complicated
of al engine systems; therefore, special care must
be exercised when making adjustments and
repairs. Even though manufacturers have
designed many different fuel systems, the basic
principle involved is the same in all of them. If
you understand the basic principle for one system,
you will have no difficulty in becoming familiar
with other systems. The procedures for the
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maintenance and repair of the various systems are
aso similar.

Let’sreview briefly not only the function of
a fuel system but also the various types of fuel
systems. As you know the function of a fuel
injection system is to deliver fuel to the engine
cylinders under specific conditions. at a high
pressure, at the proper time, in the proper quan-
tities, and properly atomized. This function may
be carried out by either one of two types of
systems: the air injection type or the solid injec-
tion type. Since there are few air injections systems
now in use, we will consider only the solid
(mechanical) injection type systems.

Solid injection systems may be classified as
jerk pump systems and common rail systems.
Variations are to be found in each of these
systems. The following examples show some of
the basic differences between the various solid
injection systems.

Systems of the JERK PUMP type may be
identified as either individual pump systems or
unit injection systems. Some jerk pump systems
use a separate pump and fuel injector for each
cylinder, while the unit injection systems combine
the pump and injector into a single unit.

The Bosch system is an example of an in-
dividual pump system. The pump is a cam-
actuated, constant stroke, lapped plunger and
barrel pump. The pump times, meters, distributes,
and provides the necessary pressure to inject the
fuel into the cylinder through a separate nozzle.

The General Motors unit injector is an exam-
ple of a unit injection system. It embodies a cam-
actuated, constant stroke, lapped plunger and
bushing, a high pressure pump, and an injection
nozzle, al in one unit.

In the Cummins injection system, a cam-
actuated injector and nozzle assembly is mounted
in each cylinder. This system employs a common
metering device that distributes a measured quan-
tity of fuel to each of the injectors. The
Cummings injection system embodies
characteristics of the unit injector and is
sometimes classified as such, although it is aso
called a distributor system.

The Fairbanks-Morse injection system is
another example of a jerk pump system.

The injection system known as the COMMON
RAIL system includes two types. the basic
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common rail system and the modified common
rail system.

The fuel injection systems used on Atlas
engines and some older models of Cooper-
Bessemer engines are of the basic type. In this
system one untimed, high-pressure pump supplies
fuel at injection pressure to a main header (com-
mon rail). The fuel flows from the header to the
injector valves and nozzles a each cylinder. The
injector valves are cam-operated and timed.
Metering of the fuel is controlled by the length
of time the nozzle remains open and by the
pressure maintained by the high-pressure pump
in the common rail.

The modified common rail system (constant
pressure), found on newer models of Cooper-
Bessemer engines, uses a high-pressure pump to
maintain fuel at the injection pressure in an
accumulator bottle. The fuel is metered by
individual valves mounted on the side of the
engine; it then flows to the pressure-operated
nozzles in the cylinder head, to be atomized and
distributed in the cylinder.

Since complete details for the maintenance and
repair of each of the various fuel systemsin serv-
ice are beyond the scope of this book, specific
information on a particular fuel injection system
must come from the appropriate manufacturer’s
technical manual.

FUEL INJECTION PUMPS
AND INJECTORS

In any discussion of afuel system, the impor-
tance of each of its parts cannot be overlooked.
The first requirement for trouble-free operation
of afuel system is clean fuel. Accordingly, the
filters, the strainers, the tanks, the transfer pumps,
and the lines must be maintained according to
prescribed instructions. Even when these parts
function properly, the principal elements of the
injection system—pressure pump, injection
valves, and injection nozzles—are subject to
troubles. The following discussion covers some
of these troubles, their symptoms and causes, and
provides general information concerning
maintenance and repair of this equipment. As you
study this information, keep in mind the dif-
ferences which may exist between the various
systems. (A system, for example, may be of the
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jerk pump or common rail type, or the pressure
pump and the injector may be separate or
combined.)

Damaged Plunger

In the plunger and barrel assembly of a high-
pressure pump and in the plunger and bushing
assembly of a unit injector, the symptoms and
causes of damage are similar.

Damage may become apparent through erratic
engine operation. Symptoms vary widely and may
include failure of the engine to develop full power,
low exhaust temperature, low firing pressure for
the affected cylinder, difficulty in balancing
(calibrating) the pumps or injectors, and failure
of one or more cylinders of the engine to fire.
Damage to a plunger and the part in which it slides
may also be recognized by testing the unit on a
test stand. However, the best way to determine
the extent of damage is to disassemble the unit,
clean it thoroughly, and then carefully inspect
each part.

Cleaning of the units can be best accomplished
by use of an approved solvent. Clean diesel fuel
may be used when more effective cleaners are not
available. A brush must be used with diesel fuel
and even then, remova of gummy deposits is dif-
ficult. Keep each plunger and barrel (bushing)
together during the inspection to avoid improper
assembly, as they are manufactured in matched
sets.

The use of a magnifying glass during the
examination of a plunger will facilitate the detec-
tion of damage. Inspect for fine scratches, dull
surface appear